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1 Abstract

1.1 Zusammenfassung

Hulsenfrichte (Leguminosen) sind eine wichtige Nahrungsquelle flr hochwertige Proteine und
pflanzliche Ole. Jedoch sind sie auch als Ausloser schwerer allergischer Reaktionen bekat.
Allergische Reaktionen vom Soforttyp werden durch allergene Proteine (Allergene) ausgelost,
vermittelt durch deren Interaktion mit dem Immunsystem Uber allergenspezifische Antikorper
vom Typ Immunglobulin E (IgE). Um eine allergische Sensibilisierung zu diagnostizieren,
kénnen diese spezifischen IgE-Antikbrper gegen Gesamtproteinextrakt des allergenen
Lebensmittels, wie z.B. Erdnuss,in vitro bestimmt werden. Eine Sensibilisierung gegen
Gesamtproteinextrakt ist jedoch nicht zwangslaufig ein Beleg fir eine klinisch relevante
Allergie. Um die diagnostische Spezifitat zu erhéhen, wurde in den letzten Jahren vermehrtdas
spezifische IgE gegen einzelne Allergenkomponenten bestimmt. In diesem Zusammenhang wird
z.B. das 2S Albumin aus Erdnuss, Ara h 2, als diagnostischer Marker fir eine kliniscihelevante
Erdnussallergie beschrieben. Demnach kénnten spezifische IgE-Bindungsmuster auf Protein-
und Peptidebene als Ansatzpunkt fur die Entwicklung neuer diagnostischer, aber auch
therapeutischer Werkzeuge dienen. Jedoch ist die Relevanz allergener Speicherproteine, wie
den 2S Albuminen und den 7S Globulinen, aus Erdnuss, Erbse und Soja teils uekannt oder
wird kontrovers diskutiert. Gleiches gilt fir deren IgE-Bindungsstellen.

Daher war das Ziel dieser Arbeit, die IgE-Bindung von Leguminosenallergikern und Patienten,
welche eine Leguminosensensibilisierung aufweisen, aber klinisch tolerant sind, zu vergleichen.
Hierflr wurde die IgE-Bindung der allergischen und toleranten Patienten an homologe 2S und
7S-Leguminosenallergene aus Erdnuss, Erbse und Soja auf Protein- und Peptidebene bestimmt
In diese Arbeit wurden Seren von allergischen und sensibilisierten, aber toleranten, Kindern mit
einem Leguminosenextrakt spezifischem IgE ¢ 0.35 kUa/L eingeschlossen. Fur die
Untersuchungen wurden jeweils Gesamtproteinextrakte und rekombinante 7S Globuline und
2S Albumine aus Erdnuss, Erbse und Soja hergestellt. AnschlieBend wurdén Immunoblot-
Analysen die IgE-Bindung an die Extrakte und die rekombinanten Leguminosenallergene
bestimmt und das spezifische IgE densitometrisch quantifiziert. Zur Untersuchung der IgE-
Bindung auf Peptidebene wurden tberlappende Peptide (15 Aminosduren lang, 4Aminosauren
Uberlappung) aller untersuchten Leguminosenallergene synthetisiert und mittels CelluSpof™-
Multipeptidmikroarrays gegen die Patientenseren getestet. Zusatzlich wurde auf Peptidelene
der Einfluss der posttranslationalen Prolinhydroxylierung von Ara h 2 aus Erdnuss auf dessen
IgE-Bindungsfahigkeit und auf die diagnostische Genauigkeit untersucht. Fir Erdnuss- und
Erbsenallergie konnten, geman der in dieser Studie festgelegten Selektionskriterien, spezifische

diagnostische Kandidatenpeptide identifiziert werden. AnschlieRend wurde mittels ROC-
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Kurvenanalyse (Receiver Operating Characteristic) der diagnostische Vorhersagewert der
einzelnen rekombinanten Allergene und der spezifischen Kandidatenpeptide bestimmt und
miteinander verglichen. Dadurch sollte bestimmt werden, ob Peptide als zusatzliche oder
alternative Reagenzien in der in-vitro-Allergiediagnostik eingesetzt werden kénnen. Aufgrund
der sehr begrenzten Anzahlan verfigbaren und eingeschlossenen Sojaallergikern wurde Soja
jedoch von einer detaillierten Peptid- und ROC-Kurvenanalyse ausgeschlossen.

Basierend auf den Immunoblot-Analysen und den jeweiligen Nachweisgrenzen zeigten 48%,
79% und 50% der Erdnuss-, Erbsen- und Sojaallergiker jeweils eine Serum IgE-Bindung an die
7S Globuline rAra h 1, rPis s 1 und rGly m 5.03. Im Gegensatz dazu zeigten von den gege
Erdnuss, Erbse und Soja sensibilisierten, aber klinisch toleranten Kindern jeweils nuB%, 20%
und 20% eine IgE-Bindung an die entsprechenden’S Globuline.

Der auffalligste Unterschied zwischen den drei Leguminosen zeigte sich jedoch in Bezug aufid
Relevanz der 2S Albumine. In der Immunoblot-Analyse zeigten jeweils 65% und 78% de
erdnussallergischen Kinder eine IgE-Bindung an rAra h 2.01 bzw. rAra h 2.02. Im Gegensatz
dazu zeigten die gegen Erdnuss sensibilisierten, aber klinisch toleranten Kinder keinerlei
Bindung an die beiden Ara h 2 Isoformen. Diese Entdeckung unterstreicht die Relevanz und
den diagnostische Wert der beiden Isoformen, insbesondere von Ara h 2.02, irder Vorhersage
einer klinisch relevanten Erdnussallergie. Solch eine klinische Relevanz der 2S Albumine konnte
in Erbse und Soja, basierend auf den Immunoblot-Analyse, nicht nachgewiesen werden. Hier
zeigte sich eine vernachlassigbare oder fehlende IgE-Bindung der erbsen- und sojaallergischen
Kinder an die jeweils untersuchten 2S Albumine. Eine ROC-Kurvenanalyse der mittels
Immunoblot untersuchten rekombinanten Proteine ergab, dass rAra h 2.02 (AUC (Area under
curve) 0.86) und rPis s 1 (AUC 0.86) den héchsten diagnostischen Vorhersagewert flreine
klinisch relevante Erdnuss- bzw. Erbsenallergie besal3en, auch im Vergleich zum jeweiligen
Leguminosenextrakt.

Im Hinblick auf potenzielle diagnostische Peptide konnten bei Ara h 2 zwei Peptidmare
(AUC 0.87-0.90) mit einem diagnostischen Vorhersagewert identifiziert werden, welcher mit
dem des Volllangenproteins rAra h 2.02 (AUC 0.86) vergleichbar war. Jedes der beiden
Peptidpaare enthielt mindestens ein Peptid mit hydroxylierten Prolinresten. Dartber hinaus
konnte fir Peptide von Ara h 2 beobachtet werden, dass die Hydroxylierung von Folinresten
die Sensitivitat bei gleichbleibender Spezifitat erhoht, was diese posttranslationale Modifkation
zu einem interessanten Ziel fur zukinftige diagnostische Anséatze macht. Fir eine mégliche in
vitro-Diagnostik der Erbsenallergie konnten elf diagnostische Peptide von Pis s 1 identiziert
werden, welche mit einer AUC von 0.99, verglichen mit Erbsenextrakt (AUC 0.81) und rPis s 1

(AUC 0.86), den hochsten diagnostischen Vorhersagewert in dieser Studienpopulation hatten.
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Zusammengefasst waren in dieser padiatrischen Studienpopulation signifikante Unterschiede
hinsichtlich der allergenen Potenz der 2S und 7S Speicherproteine in den drei untersuchten
Hulsenfrichten erkennbar. In Erdnuss konnten Ara h 1 und Ara h 2 als relevante Allergene
identifiziert werden. Jedoch zeigte sich, basierend auf den Immunoblot-Analysen, dass dagS
Albumin Ara h 2 und insbesondere die Isoform Ara h 2.02 das relevanteste Allergermit dem
hdchsten diagnostischen Vorhersagewert in dieser Studienpopulation war. Im Gegensatz dazu
konnten in dieser Studie die 2S Albumine aus Erbse und Soja als relevante Allergene
ausgeschlossen werden. Wohingegen das 7S Globulin Pis s 1 als Haupt- und
immunodominantes Allergen in Erbse identifiziert werden konnte. Ein ahnlicher Trend schien
sich bei Gly m 5.03 aus Soja abzuzeichnen. Aber aufgrund der sehr begrenzten Anzakdn
eingeschlossenen sojaallergischen Kindern, lie€n sich keine weiteren Schlussfolgerungen
Ziehen.

Dartber hinaus ergab die Untersuchung der IgE-Bindung auf Peptidebene, dass Peptideit
einem diagnostischen Vorhersagewert identifiziert werden konnten, welcher vergleichbar oder
sogar besser als der der jeweiligen rekombinanten Volllangenproteine war. Diese Peptide
kébnnen moglicherweise als zusatzliche oder alternative Reagenzien in der in-vitro-
Allergiediagnostik dienen. Dies erfordert jedoch zunéchst eine weitere Uberprifung in einer
prospektiven Studie.

AuRerdem wurden auf der Grundlage dieser Arbeit neue Erkenntnisse tber relevante Allergene
und deren IgE-Bindungsstellen gewonnen, welche die Entwicklung neuartiger therapeutischer
Reagenzien mit verbesserten Eigenschaften unterstiitzen kdénnen. In diesem Zusammenhang
wurde die IgE-Bindung an lineare Peptide in Annaherung an lineare IgE-Epitope untersucht.
Anhand eines 27-mer Peptids, welches hydroxylierte Prolinreste enthielt, konnte eindeutig
gezeigt werden, dass lineare IgE-bindende Epitope von natlrlichem Ara h 2 eine relevante
Mastzelldegranulation induzieren konnen. Dieses Resultat unterstreicht die potenzielle
Relevanz linearer IgE-Bindungsstellen beziglich der Gesamtallergenitat und sollte daher bei
der Entwicklung neuer immuntherapeutischer Anséatze zur Behandlung von Erdnussallergien
berticksichtigt werden, da andernfalls Patienten einem hoheren Risiko unerwinschter
Nebenwirkungen ausgesetzt sein konnten. Darlber hinaus konnen die in dieser Studie
identifizierten immunodominanten IgE-Bindungsstellen von Pis s 1 als Grundlage fir die
Entwicklung von hypoallergenen Substitutionsvarianten fur die allergenspezifische
Immuntherapie von Erbsenallergien dienen. Die Relevanz dieser Ergebnisse sollte in Bezug auf
Wirksamkeit und Sicherheit in préklinischen Studien zur Therapie von Erdnuss- bzw.

Erbsenallergie weiter untersucht werden.
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1.2 Abstract

Legumes are an important source of high-value proteins and edible oils in the humandiet.
However, they are also a known and frequent source of severe allergic reactions todods.
Immediate-type allergic reactions are elicited by allergenic proteins (allergens), mediated by
their interaction with the immune system via allergen-specific antibodies of the isotype
immunoglobulin E (IgE). These specific IgE antibodies to total protein of the allergenic food,
e.g. peanut, can be measuredn vitro to diagnhose an allergic sensitization. While specific IgE to
total protein extracts indicates a sensitization, it is not necessarily a proof fa clinical reactivity.
In contrast, the measurement of specific IgE to selected allergen components, such as thgeanut
2S albumin Ara h 2, has been proposed to improve then vitro diagnostic specificity for a clinical
reactivity. In this context, specific recognition patterns of IgE binding at the protein level, and
further at the peptide level, may allow the development of advanced diagnostic approaches,
and innovative therapeutic reagents. However, knowledge about the relevance of Hergenic
storage proteins, such as 2S albumins and 7S globulins, of the legumes peanut,ga and soybean
and their IgE-binding peptides is in part controversial or limited.

Therefore, this study aimed to determine the serum IgE binding of legumeallergic versus
sensitized but clinically tolerant children to homologous 2S and 7S legume allergens from
peanut, pea and soybean at the protein and peptide level.

In this study, sera from legume-allergic as well as sensitized but clinically tolerant children with
legume extract-specific IgE ¢ 0.35 kUA/L were included. Total protein extracts and recombinant
7S globulins and 2S albumins of peanut, pea, and soybean, respectively, wergrepared.
Afterwards, serum IgE binding to legume extracts and recombinant legume allergens was
individually determined by means of densitometric immunoblot analysis. Overlapping peptides
(15 AA; offset 4 AA) representing the full-length allergens were synthesized and andyzed for
their ability to bind serum IgE on CelluSpot™ multipeptide microarrays. The influence of post-
translational hydroxylation of proline residues in peanut Ara h 2 on the capacity to bind serum
IgE and thus on the diagnostic value was additionally investigated on the peptide level.
Potential candidate diagnostic peptides specific for peanut and pea allergy were identified,
according to predefined selection criteria that were established in this study. Finally, the
diagnostic value of the investigated recombinant legume allergens and of the potential
candidate diagnostic peptides was determined as area under curve (AUC) by receiver opeting
characteristic (ROC) curve analysis. By doing so, it should be determined whether peptides ray
serve as additional or alternative reagents in thein vitro diagnosis of legume allergy. However,
due to the very limited number of available and included soybean-allergic patients, soybean

was excluded from a detailed analysis of candidate diagnostic peptides and RC curve analysis.
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According to immunoblot analysis and the specific limit of detection, serum IgE of 48%, 79%
and 50% of peanut-, pea- and soybean-allergic children bound to the7S globulins rAra h 1,
rPiss1 and rGly m 5.03, respectively. Of the peanut-, pea- and soybean-sensitized but terant
children 8%, 20% and 20% showed a serum IgE binding to the respective 7S globulins.

The most striking difference between the three legumes could be observed regarding the
relevance of the 2S albumins. In immunoblot analysis, 65% and 78% of peanutallergic children
showed a serum IgE binding to rAra h 2.01 and rAra h 2.02, respectively. In contrast, serum
IgE of peanut-sensitized but tolerant patients did not bind to any of both Ara h 2 isoforms.
Hence, the relevance and the diagnostic value of both 2S albumin isoforms,especially of
rAra h 2.02, in peanut allergy were further highlighted. Based on immunoblot analyses, such
clinical relevance of 2S albumins could not be found in pea and soybean. Hee, negligible or no
serum IgE binding to 2S albumins was detectable in pea- as well as soybean-allergic children.
Based on the ROC curve analysis of the investigated recombinant proteins analyzed in
immunoblot, rAra h 2.02 (AUC 0.86) and rPis s 1 (AUC 0.86) had the highest diagnostic value
in peanut and pea allergy, respectively, also compared to the respective total legure protein
extract.

With regard to potential diagnostic peptides, two Ara h 2-derived peptide pairs (AUC 0.87-0.90)
with a diagnostic value comparable to that of full-length rAra h 2.02 (AUC 0.86) could be
identified for peanut allergy. Each of the two peptide pairs contains at least one peptide with
hydroxylated proline residues. In addition, it could be observed that hydroxylation of proline
residues in Ara h 2-derived peptides increased the sensitivity while maintaining the specifcity
which makes this post-translational modification an interesting target for future d iagnostic
approaches. Moreover, for pea allergy eleven candidate diagnostic peptides oPis s 1 could be
identified. Compared to pea extract and rPis s 1, the candidate peptides had, withan AUC of
0.99, the highest diagnostic value in this pea study population.

In this pediatric study population, general differences in allergenic potency of the 2S and 7S
storage proteins of the three investigated legumes were apparent. In peanut, Ardh 1 and Arah 2
could be identified as relevant allergens. However, based on immunoblot analysis, the 2S
albumin Ara h 2, in particular the isoform Ara h 2.02, was the mo st relevant allergen with the
highest diagnostic value in this peanut study population. In contrast, in pea and oybean 2S
albumins were excluded as relevant allergens in this study. In pea, the 7S globuh Pis s 1 was
identified as a major and immunodominant allergen. A similar trend seemed to be observed for
Gly m 5.03 and soybean, but due to the limited number of soybean-allergic pdients included

in this study, no further conclusions can be drawn.
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In addition, the investigation of IgE binding at the linear peptide level revealed that p eptides
with a diagnostic value that is comparable or even better than that of the respective full-length

recombinant proteins could be identified. These peptides may potentially serve asadditional or

alternative reagents in the in vitro diagnosis of legume allergy; however, this requires
verification in a prospective study.

Moreover, based on this study, additional knowledge about relevant allergens and their IgE-

binding sites was obtained. This knowledge can support the development of novel therapeutic
reagents with improved characteristics. In this context, IgE binding to short peptides o allergens
was investigated to localize IgE-binding sites in approximation to linear (continuous) IgE

epitopes. It could be shown that linear IgE-binding epitopes of natural Ara h 2, as represented
by a 27-mer peptide, still induced relevant mast cell degranulation. This finding underpins the

potential relevance of linear IgE-binding sites with regard to total allergenic potency, and

should thus be considered in the development of novel reagents for the immunotheragutic

treatment of peanut allergy as otherwise patients might be at high risk of unintended side

effects. In addition, identified immunodominant IgE-binding sites of Pis s 1 may allow the

development of hypoallergenic substitution variants for allergen-specific immunotherapy of pea
allergy. The relevance of these findings with regard to efficacy and safety can be drther

addressed in preclinical models of peanut and pea allergy, respectively.
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2 Introduction

2.1 Pathomechanism of type | allergic reaction

With an increasing prevalence, approximately20-30% of the population suffer worldwide from
allergic diseases making them a public health concern (Pawankar et al. 2011).

In 1906, the pediatrician Clemens von Pirquet firstly described UIF UFSN A B MMk iH Z
reactivity of the immune system comprising similarly hyper- and hyposensitvity reactions
(Huber 2006). Today the term A B M MiEs8rith&s an immunological hypersensitivity reaction
against harmless, non-infectious environmental proteins, called allergens (Galli etal. 2008;
Johansson et al. 2004). Known allergen sources are, for example, pollen, animal dnder, house
dust mite, food, latex and insect venoms (Galli et al. 2008).

According to the Gell-Coombs classification hypersensitivity reactions are divided intofour
types: the IgE-mediated immediate reaction (type 1), the antibody-mediated cytotoxic reaction
(type 1), the immune-complex-mediated reaction (type Ill) and the cell-media ted reaction
(type 1V) (Descotes and Choquet-Kastylevsky 2001).

IgE-mediated type | allergic reactions (Figure 1), including food allergy, are divided into a
sensitization phase followed by the immediate phase, in which the patient shows the typial
allergic symptoms (Larché et al. 2006). The sensitization phase is initiated bythe internalization
and the processing of allergens by antigen-presenting cells such as dendritic cells which
afterwards present resulting allergen-derived peptides on major histocompatibility complex
(MHC) class Il molecules on their surface to naive T cells (Galli et al. 2008; Holgate andPolosa
2008). The recognition of the peptide MHC class Il complex by the T-cell receptor (TCR)on
naive T cells and the interaction of co-stimulatory molecules located on antigen-pesenting cells
and naive T cells leads to an activation and differentiation of the respective naive Tcell
(Humeniuk et al. 2017). Depending on the surrounding cytokines, T cells can differentiate into
T helper 1 (Th1), Th2, Thl7 and induced regulatory T (iTreg) cells (Zhu and Paul 2008). In
the case of type | allergic reactions T cells differentiate into Th2 cells (Humeniuk etal. 2017).
Naive B cells interact with the native allergen through their B cell receptor and load it on their
surface via MHC class Il molecule (Poulsen and Hummelshoj 2007). Activated B cells gjate
with Th2 cells via CD40-CD40L and CD80/86-CD28 interactions (Galli et al. 2008; Poulsenand
Hummelshoj 2007). These interactions in combination with the presence of cytokines such 3
IL-4 induce the differentiation of the activated B cell into an allergen-specific IgE-producing
plasma B cell. Allergen-specific IgE antibodies bind to mast cells and basophil granwcytes by
their high-affinity IgE receptor (Fc BI) (Poulsen and Hummelshoj 2007). The production of
allergen-specific IgE antibodies and their binding to mast cells and basophils castitute the

sensitization phase. It is noteworthy that the presence of allergen-specific IgE antibodies des

Introduction 7

BT

B



not necessarily mean that a patient is allergic, it only indicates that a sensitization took place
(Poulsen and Hummelshoj 2007).

The immediate phase of the allergic reaction is characterized by the cross-linking 6 Fc BI-
bound IgE on mast cells and basophils after repeated allergen exposure (Larché et al. 2006;
Poulsen and Hummelshoj 2007). This requires the presence of at least two binding sites
(epitopes) for allergen-specific IgE on the surface of allergens. In general, linea and
conformational epitopes can be distinguished. Linear epitopes are displayed by acontinuous
stretch of the amino acid sequence of the allergen. In contrast, conformational efitopes consist
of amino acids that are discontinuous in the primary structure but folding of the allergen brings
the amino acids into spatial proximity (Pomés 2010). The cross-linking of Fc BRI-bound IgE then
induces the degranulation and the release of vasoactive amines (mainly histamine), lipd
mediators (prostaglandins and cysteinyl leukotrienes), chemokines and other cytokinegLarché
et al. 2006; Poulsen and Hummelshoj 2007). Finally, the release of these mediators causes
immediate allergic symptoms such as allergic rhinitis, asthma, urticaria, gastrointestind

reactions (vomiting and diarrhea) and anaphylaxis (Galli et al. 2008) .
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Figure 1: Pathomechanism of IgE-mediated type | allergic reaction (adapt  ed from (Poulsen and Hummelshoj
2007)).

8 Introduction



The reasons why some people develop allergies compared to others remaining tolera are still
unclear. Several host (e.g. heredity) and environmental factors (e.g. exposure toallergens) are
suggested being responsible for the development of an allergy. Furthermore, reduced infections
in childhood may increase the risk of developing an allergic disease (Swert 1999)

Several properties are described that can explain the allergenicity of a protein but sofar no
HFOFSBM QBSBEJHN JT EFWFMPQFE GPS UIF QSFEJDUJPO PG
physicochemical and biochemical properties or aspects like functionadomains, hydrophobicity,
stability, formation of oligomers or aggregates, solubility and post-translational modifications
(e.g. hydroxylation) are described as contributing to the allergenicity of a prote in (Bernard et
al. 2015; Scheurer et al. 2015). Furthermore, with increasing evidence allergens are attibuted
to possess intrinsic adjuvant properties (e.g. lipid- and carbohydrate binding properties, and

protease activity) stimulating the innate immunity (Scheurer et al. 2015).

2.2 IgE-mediated food allergy

Precise data on the prevalence of food allergy are lacking but published data suggesthat,
depended on the investigated food, up to 10% can be affected, with food alergies being more
common in children compared to adults (Sicherer and Sampson 2018) However, the accurate
determination of food allergy prevalence is hindered by influencing factors such as g®graphic
variation, study populations and methodologies (Sicherer and Sampson2014). For example,
the prevalence of self-reported food allergy is compared to the prevalence defined byobjective
methods like oral food challenges of lower evidence (Rona et al. 2007).

Depending on the clinical appearance, the route of allergic sensitization and the underlying
immunologic mechanisms, IgE-mediated food allergies can be divided into class 1 (clesic) and
class 2 (pollen-associated) food allergies (Breiteneder and Ebner 2000; Valentat al. 2015). In
class 1, also known as classic food allergy, the sensitization occurs via the gastitestinal tract
and eliciting allergens are described as being resistant to gastric digestion. The most important
DMBTT GPPE BMMFSHFOT BSF DPX TClessM food &l€rgy affeldtsimBrO E M FH
frequently young children, whereas class 2 food allergy is more frequently found in adults.
Class2 or pollen-associated food allergy is caused by IgE cross-reactivity between sensitizg
inhalant allergens (e.g. birch pollen Bet v 1) and homologous nonsensitizing but allergic
reaction eliciting food allergens (e.g. apple Mal d 1, celery Api g 1) (Breiteneder and Ebner
2000). Compared to class 1 food allergens, stability of class 2 food allergensgs considered to be
more affected by heat and proteolytic digestion. Therefore, class 2 food allergas may likely not
cause a sensitization via the gastrointestinal tract but instead via the respiratorytract (Egger et

al. 2006; Valenta et al. 2015). However, this is also controversially discussed.
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Food allergy can lead to severe allergic reactions and especially legumes are described #se
most common foods triggering anaphylaxis. A more detailed analysis showedage-dependent
USJHHFS QSPGJMFT XJUI IFO T FHH g i@ xodt fivquently BIOitersgiFBOVU CFJ
children, and wheat, celery, soy and shellfish in adults (Worm et al. 2014).

According to structural and biological properties, animal and plant food allergens can be
classified into families and superfamilies. The majority of animal food allergens belong to one
of three major families, the caseins, tropomyosins and EF-hand proteins (Mills 2A.1).

Plant food allergens can be classified into four common protein families and superfamilies: the
cupin superfamily (7S and 11S globulin seed storage proteins), the prolamin superfanily (2S
albumin seed storage proteins, nonspecific lipid-transfer proteins, cereal =amylase and
protease inhibitors, and cereal prolamins), the proteins of the plant defense system
(pathogenesis-related proteins, Kunitz-type protease inhibitors and proteases) and the pfilins
(Breiteneder and Radauer 2004).

Seed storage proteins are known food allergens and a sensitization to legume seed storage
proteins, such as peanut Ara h 1, Ara h 2 and Ara h 3 or soybean Gly m 5 andsly m 6, is
considered as an indication for an increased risk of severe allergic reactions (Asarnoj etla2010;
Holzhauser et al. 2009; Vereda et al. 2011).

2.2.1 Legume seed storage proteins

Legumes belong to the Fabaceae family and include many allergenic foods, for eemple, peanut,
soybean, lentil, lupine, chickpea and pea. Due to their high protein and lipid content, legumes
have a high nutritional value and are thus preferably included in the human diet (Ver ma et al.

2013).

More than 80% of total legume seed protein is constituted by the seed storge proteins (Kigel
and Galili 1995). They serve as a source of amino acids and nitrogen during gemination and

seedling growth. Despite different structures, seed storage proteins share common propdies.

Their expression is tissue-specific and dependent on the stage of development. In thenature

seed, seed storage proteins form discrete compartments called protein bodies. Seed stage
proteins are commonly secretory proteins containing an N-terminal signal peptidewhich is co-
translationally cleaved as the protein is translocated from the cytosol into the lumen of the

endoplasmic reticulum. In the lumen of the endoplasmic reticulum, post-translational

modifications like folding, disulfide bond formation, subunit assembly and glycosylation take

place. Depending on their solubility and their sedimentation coefficients, legume seed storage
proteins can be classified into three groups: 2S albumins, 7S and 11S globulins (Shewr et al.

1995).
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2S albumins are small water-soluble proteins and although 2S albumins, lke the other storage
proteins, exhibit a high level of polymorphism they share common charaderistics (Shewry et
al. 1995). Typical 2S albumins are composed of a large and a small subnit linked by two
disulfide bonds (Moreno and Clemente 2008). There are, however, some variations regarding
subunit and disulfide bond formation. For example, peanut Ara h 2 is composed of a single
chain. Whereas pea albumin 1 (PA1) is so far described as being composed of tweeparate
subunits not linked by disulfide bonds (Higgins et al. 1986; Lehmann et al. 2006). 2S albumins
have in common to contain five =helices, a C-terminal loop and a solvent-exposed and flexible
hypervariable region. The hypervariable region of 2S albumins is described as arimportant
region containing immunodominant IgE epitopes (Moreno and Clemente 2008). Moreover, the
whole protein is stabilized by four disulfide bonds that are formed between eight conserved
cysteine residues (Moreno and Clemente 2008). The disulfide bonds result in the formationof
a stable core structure that is highly resistant to proteolytic digestion and heating, another
common characteristic of 2S albumins (Lehmann et al. 2006). Despite the ab@e-mentioned
common properties of 2S albumins, they share only a low sequence homologyf 14 to 40%
(Moreno and Clemente 2008).

The globulin storage proteins are salt-soluble proteins that can be divided on the bass of their
sedimentation coefficients into 7S vicilin-type globulins and 11S legumin-type globulins
(Shewry et al. 1995). Both storage proteins are bicupins characterized by two >barrel core
domains and belong to the cupin superfamily (Breiteneder and Radauer 2004)

7S globulins are trimeric proteins with molecular weights of 150 to 190 kDa. The subunits have
molecular weights between 40 and 80 kDa and their composition varies considerably anong
different legume species due to different degrees of post-translational modifications such a
proteolytic processing and/or glycosylation (Breiteneder and Radauer 2004; Shewry et al.
1995). Pis s 1 from pea, for example, undergoes post-translational proteolys leading to
subunits of different molecular weights (Gatehouse et al. 1982). Compared to 2Salbumins, 7S
globulins do not contain cysteine residues leading to the absence of disulfide bonds (Shewy et
al. 1995).

The stabile structure of the trimeric complex of the 7S globulins is suggested being responble
for the relative resistance to heating and digestion. This stability is a property they have in
common with the 2S albumins (Deshpande and Damodaran 1989; Maleki et al. 20003.

11S globulins are hexameric proteins with each subunit being composed of an acidic and &asic
chain associated by one interchain disulfide bond (Shewry et al. 1995) Mature hexameric 11S
globulins have molecular weights between 300 and 400 kDa and are generally notglycosylated
(Fukushima 1991).
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It should also be pointed out that cross-reactivity between different legume speciess a frequent
immunological phenomenon (Verma et al. 2013). Cross-reactivity is the binding of antibodies
directed against a specific allergen to other homologous proteins. High sequence identity ad
structural homologies are often the cause of cross-reactivity (Aalberse 2000).This cross-
reaction can be of clinical relevance For example, in peanut-allergic patients it could be shown
that a clinically relevant cross-reactivity with lupine occurs frequently (Moneret-Vautrin et al.

1999). On the contrary, it is reported that a serological cross-reactivity between peanut ad
other legumes, which occurs frequently, is in less than 5% of clinical relevance (Sichererand
Wood 2012). Different dietary habits of the respective study population may be one reason

explaining this controversy.

2.2.2 Diagnosis

An accurate allergy diagnosis is important to avoid unnecessary dietary restrictiors and allergic
reactions. The first steps in the diagnostic process are often a detailed analysisfahe medical
history and a physical examination. Both approaches should help identifyingthe offending food
allergens and to differentiate the reaction from nonallergic disorders (Boyce et al. 2010).
However, food allergies based on the reports of parents and patients need further verifiation
as they tend to be overestimated (Rona et al. 2007). Moreover, hidden dergens or
DPOUBNJOBUFE GPPET DBO JOGMVFODF UIF (rDUWIBOWMASIHZ ERBH BGPT
(Ebo and Stevens 2001). An expert panel from the United States agrees that aliagnosis based
alone on either medical history or physical examination is not sufficient sensitive and specific
(Boyce et al. 2010). As add-on to a convincing history, sometimes an elinination diet avoiding
the suspected offending food is recommended. Clearing allergic symptoms during eliminatim
diet of a particular food can support the previous allergy diagnosis. However, elimination diets
can lead to malnutrition and should therefore not be carried out over a longer period of time
(Boyce et al. 2010).

Once the history is obtained and an IgE-mediated food allergy is suspected, skin fick tests
(SPT) are often performed for further evaluation. During SPT food allergen extracts o fresh
foods are pricked under the skin of the forearm or upper back d the patient with a lancet
(Muraro et al. 2014) . The test is considered positive when the patient shows a wheal at the
prick site that is at least 3 mm larger than the wheal of the negative control. Accordingly, a
positive SPT indicates a sensitization meaning that the patient has specific IgE antibdies to the
tested food. Cross-linking of these IgE antibodies bound to cutaneous mst cells by food
allergens induces wheal development (Boyce et al. 2010). The SPT is easy to handlesafe and

a useful method to determine whether a patient is sensitized or not. A negative SPT resul
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excludes with a high predictive accuracy a clinically relevant food allergy (Sampson 2004. A
positive SPT result, on the other hand, must be interpreted with caution as a sensitizéion does
not necessarily mean that a patient is allergic and shows clinical symptoms. Whth means that
the SPT cannot differentiate between clinically relevant sensitization, leading to dlergy, and
irrelevant sensitization, i.e. tolerance. Moreover, cross-reactive proteins within different foods
can lead to false-positive test results further hindering an accurate allergy diagnosis(Sicherer
2001). This illustrates that by using an extract-based SPT a differentiation between aco-
sensitization and a cross-reactivity is not possible and is especially a problem whemultiple
positive test results are observed (Ferreira et al. 2014).

Another frequently used diagnostic method is thein vitro quantitative measurement of specific
IgE antibodies to food extracts or to single allergen components JO QBUJFOUT CMPPE
(Renz et al. 2018). Very common in this context is the ImmunoCAPM system (Thermo Fisher
Scientific). The ImmunoCAP™ is an automated system using a cellulose matrix as solid phase
to which the allergens are covalently bound. Allergen-bound serum IgE is afterwards detected
by a fluorescently labeled anti-human IgE. sIgE levels are quantified by means of &/orld Health
Organization (WHO) reference used for standard curve generation (Hamilton 2010). For some
foods, like peanut, egg, milk and fish, 95% predictive food-specific IgE levels were estabBhed
(Sampson and Ho 1997). However, there are some patients with sIgE levels below the sgcific
cut-off/decision point but still showing allergic symptoms (Lopes de Oliveira et al. 2013).
Furthermore, it could be shown that specific decision points vary depended on, forexample,
the used test system,Q B U J F O Wnd the péplilation (Komata et al. 2007; Perry et al. 2004;
Wang et al. 2008). Like the SPT, the quantitative measurement of food extractspecific IgE poses
the same problems to physicians: a positive result just indicates a sensitization ad not
necessarily a clinically relevant allergy. In addition, extracts contain different proteins that can
be responsible for the allergic reaction on one side, but on the other side containcross-reactive
proteins binding serum IgE that can result in clinically irrelevant slgE levels (Renz etal. 2018).
Furthermore, missing or underrepresented as well as instable allergens within commercial
extracts can lead to false-negative sensitization results (Muraro et al. 2014). The nentioned
limitations of an extract-based diagnosis gave rise to a more sensitive and spedd diagnostic
approach, called component-resolved diagnostics (CRD), that measuredie specific IgE to single
allergen components Allergen components used for CRD are either natural, purified allergens
or recombinant allergens. Measurement of sIgE can be done via the above-mentioned
ImmunoCAP™ system or via ImmunoCAPM ISAC (Immuno-Solid phase Allergen Chip, Thermo
Fisher Scientific). The ISAC is a multiplex platform where the sIgE in a low quantity of serum

to more than 100 natural or recombinant allergen components can be measured in asingle
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assay in parallel (Canonica et al. 2013) A major advantage of CRD over extract-based testing
is that it may enable a differentiation between genuine sensitization and cross-rectivity
(Canonica et al. 2013; Ferreira et al. 2014). In some study populations, the use of food-specific
marker allergens allows i) the identification of patients at high risk for developing a n allergic
reaction and ii) the prediction of the severity of the allergic reaction . For example, Beyeret al.
identified sIgE to Ara h 2 and Cor a 14 as risk markers for peanut and hazelnut allergy,
respectively (Beyer et al. 2015). A study from Asarnoj et al. analyzing a Swedish birth cohort
suggested that a sensitization to the storage proteins Ara h 1, Ara h 2 or Ara h 3s predictive
for severe peanut allergy, whereas a sensitization to the birch-related proteinAra h 8 and birch
pollen is predictive for mild peanut symptoms, if any (Asarnoj et al. 2010) . This observation
was further verified by an add-on study showing that a sensitization only to Ara h 8 is a strong
indication for peanut tolerance (Asarnoj et al. 2012) . Another study from Vereda et al. showed
comparable results regarding the correlation between the sensitization profilesand the severity
of the reaction, but also illustrates the limitations of this component-re solved approach.
Depending on the geographical region, different component sensitization prdiles could be
observed. US patients were primarily sensitized to Arah 1, Arah 2 and Ara h 3, Spaish patients
to Ara h 9 (nonspecific lipid-transfer protein) and Swedish patients to Ara h 8 (Vereda et al.
2011). Another limitation of CRD is that most of the used components arerecombinant proteins
representing just one isoform compared to their natural counterpart. The usage of a single
recombinant isoform in CRD, however, can lead to a lower test sensitivity & some isoforms are
less allergenic. Comparable with the other mentioned diagnostic approaches, CRBuffers from
the same limitation as, except for a few examples, based on the presence or absence of sIgE to
allergen components, the clinical phenotype cannot clearly be prediced in all cases
Nevertheless, CRD is a useful diagnostic approach but further studies are rexled to establish
and confirm correlations between sensitization profiles and clinical phenotypes in different
study populations.

For the future, an epitope-resolved diagnosis analyzing the IgE binding on the epitope level
instead of on the protein level is under investigation. By doing so, it might be possible to identify
homologous IgE-binding areas on different allergens that might explain cross-reactivity,or to
identify different IgE-binding areas that might explain a divergent allergic phenotype. Several
studies suggest an additional diagnostic value of epitope information over extract and
component-resolved diagnosis. Studies from Beyeet al. and Shreffler et al. on peanut allergy
showed that the recognition of specific epitopes correlates with the clinical reactivity and that
the IgE epitope diversity correlates with the severity of an allergic reaction, respectively(Beyer

et al. 2003; Shreffler et al. 2004). Similar results could be observed for milk allergy where
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higher IgE epitope diversity and affinity correlated with the clinical phenotype and the severity

of the reaction (Wang et al. 2010). Another study from Lin et al. combined peptide microarray
data with bioinformatic analyses to predict peanut allergy with an improved and high accuracy
(Lin et al. 2012) . However, at this time these studies require further validation before applied
in clinical routine. Therefore, despite the many diagnostic efforts that have been nade, the
double-blind, placebo-controlled food challenge (DBPCFC) remains the gold stadard in allergy

diagnosis (Boyce et al. 2010). Here, increasing doses of the suspected offending foodlimded

in a matrix are administered to the patients and symptoms are recorded (Renz etal. 2018).

Compared to the single-blind and the open food challenge, the DBPCFC is the leastubjective
and is least influenced by patient and physician bias (Boyce et al. 2010) As neither the patient

nor the physician knows whether the placebo or the allergenic food is offered to the patient. To
date, DBPCFC shows the highest specificity in the diagnosis of food allergy. However, i time
consuming, expensive and harbors the risk of severe allergic reactions limitingts use in routine
clinical application (Boyce et al. 2010).

Thus, alternative diagnostic methods such as the above-mentioned promising epitop analysis

reducing the need for DBPCFCs should be explored for their potential value in allergydiagnosis.

2.2.3 Treatment

Currently no causative therapy is available for food allergies in clinical routine and allergen
avoidance is the only effective method of preventing an allergic reaction (Renz et al. 2018).
However, allergen avoidance is often complicated by unlabeled food allergens (hidden
allergens). Shared equipment during the manufacture of foods can lead to allergen cross-
contamination and is therefore often the source of hidden allergens (Rdder et d. 2008). Further,
an extensive and longterm allergen avoidance can lead to nutritional deficiencies and &fect
quality of life (Muraro et al. 2014) . For treatment of severe allergic symptoms adrenalineis
administered, whereas local mild symptoms are treated with antihistamines (Renzet al. 2018).
Currently, several allergen-specific and non-specific therapy strategies are under invdgjation.
To date, due to safety and efficacy issues allergen-specific immunotherapiesor food allergies
are only administered in clinical trials (Muraro et al. 2014; Renz et al. 2018) .

During allergen-specific immunotherapy (SIT) increasing doses of the offending foodallergen
are administered to patients with the goal to induce persistent tolerance (Jutel and Akdis 2011).
Although SIT has been used for a longer time for the treatment of venom or inhalant allergies,
its exact underlying mechanism is not yet fully understood. Several mechanismseffecting T-
and B-cells are described. SIT induces the generation of regulatory T-cells suppressing Thlls

and thereby the release of inflammatory Th2 cytokines (Jutel and Akdis 2011). Regulatory T-
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cells secret IL-10 and TGF> two anti-inflammatory cytokines that suppress effector cells like
mast cells, eosinophils and basophils of the allergic inflammation (Jutel and Akdis 2QL1; Jutel
et al. 2013). Furthermore, regulatory T-cells and especially their secreted anti-inflammatory
cytokine IL-10 suppress an inflammatory reaction on the B-cell level by suppressing IgE and by
leading to an isotype switch from IgE to 1lgG4 (Jutel and Akdis 2011; Jutel et al. 2013; Meiler
et al. 2008). IgG4 antibodies compete with IgE bound to mast cells for allergen binding and
thereby inhibit mast cell and basophil degranulation which in turn leads to reduced allergic
reactions (Jutel et al. 2013; Niederberger 2009).

Severe side effects during subcutaneous immunotherapy (SCIT) shifted the focus to ofa
immunotherapy (OIT). Several studies on peanut, egg or milk OIT report a successful
desensitization in a subgroup of patients leading to a temporary tolerance immediately dter
the immunotherapy (Anagnostou et al. 2014; Caminiti et al. 2015; Pajno et al. 2010). However,
only a limited number of desensitized patients develop a persistent tolerance where no regular
allergen exposure is required to maintain protection (Caminiti et al. 2015) . In addition, side
effects ranging from mild to severe during OIT have led to the development of noveland safer
therapeutic approaches (Anagnostou et al. 2014; Blumchen et al. 2010). Thesetherapeutic
approaches comprise, for example, other routes of application or theuse of modified food
allergens. Other routes of application include sublingual immunotherapy (SLIT) or
epicutaneous immunotherapy (EPIT). A study comparing SLIT and OIT in peanut-allergic
patients revealed that SLIT is safer but less efficacious (Narisety et al2015). Approaches
combining SLIT with subsequent OIT showed promising results regarding efficacy, but
nonetheless, oral administration caused in comparison to sublingual administration more
systemic side effects (Keet et al. 2012). In EPIT, the allergen is administered to theskin via a
patch. A study on EPIT shoved a good safety profile, but similar to SLIT, OIT seems more
efficacious (Jones et al. 2017).

Another approach to reduce the risk of side effects during immunotherapy and to increase
efficacy is the useof modified allergens. In this context, for example, hypoallergens, synthetic
peptides, plasmid DNA-based methods, conjugation to immunostimulatory sequences rad
chimeric allergen-human fusion proteins were investigated, as was summarized elsewhere
(Cook and Burks 2018; Nowak-W grzyn and Sampson 2011). Allergens are modified by means
of site-directed mutagenesis or chemical methods (e.g. reduction/alkylation) with the goal to
generate hypoallergenic proteins that show a reduced IgE-binding capacity buia retained T-cell
immunogenicity (Bannon et al. 2001; Swoboda et al. 2007; Toda et al. 2011; Zuidmeer-
Jongejan et al. 2012). The use of single hypoallergens to treat food allergy can be hampered by

allergies that are caused by multiple allergens. Furthermore, the use of unfolded allergns for
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immunotherapy is not applicable for every food allergen. A study from Bernard et al. on peanut
Ara h 2 showed that a sensitization to linear and conformational epitopesis dependent on the
patient, highlighting that unfolded allergens can still be allergenic for some patients (Bernard
et al. 2015).

Another approach using heat/phenol killed Escherichiacoli expressing hypoallergenic peanut
allergens Ara h 1, Ara h 2 and Ara h 3 modified by amino acid substitutionsfailed due to severe
side effects (Wood et al. 2013).

Besides hypoallergens, allergen-derived peptides are also under investigation for their
applicability in immunotherapy. Like hypoallergenic proteins, peptides aim at reducing side
effects during immunotherapy while inducing immunologic tolerance. Therefore, short
synthetic peptides containing allergen-derived T-cell epitopes are applied.The idea behind that
approach is that peptides comprising between 8-16 amino acids are too short forcross-linking
of FcRI-bound IgE on effector cells and thus reduce the risk of an allergic reaction(Cook and
Burks 2018). Simmset al. reported that an Ara h 1-derived peptide containing one T-cell epitope
can protect against peanut-induced anaphylaxis in a mouse model (Simms et al2016). Further
studies are required to investigate this in humans. Furthermore, the length of the administered
peptides should be chosen carefully, as 15 AA long peptides can still induce a medtor-release
in vitro (Bernard et al. 2015).

A further approach uses plasmid DNA encoding a major allergen to treat anaphiaxis in mice.
Here, the oral administration of chitosan-plasmid DNA nanoparticles encoding A h 2 resulted
in a modified immune system that protects against anaphylaxis (Roy et al.1999).

The administration of allergens coupled to immunostimulatory sequences (e.g. CpGmotives)
represents another promising approach. Nanoparticles composed of protamine and pG-
oligonucleotides complexed with Ara h 2 were able to shift the immune system of mice toward
Thl-cell response (Pali-Schdll et al. 2013). A further novel therapeutic strategy useschimeric
allergen-human fusion proteins. The idea behind this approach is that allergens fused to himan
IgG Fc@ can inhibit mast cell degranulation by an indirect cross-linking of Fc BRI and Fc@lIb
(Liu et al. 2013).

Beside allergen-specific, also non-specific strategies like anti-IgE therapy, traditinal Chinese
herbs, probiotics and cytokine/anticytokine therapies are in the focus of research (Nowak-
W grzyn and Sampson 2011; Sicherer and Sampson 2009)Very promising in this context is
the use of anti-IgE therapy JO DPNCJOBUJPO XJUI 0*5 4UVES{mik @D
showed that a treatment with omalizumab (humanized anti-IgE antibodies) allowed the
administration of higher doses and reduced side effects, respectively (MacGinnitie et al. 2017
Wood et al. 2016).
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2.3 Peanut allergy

Peanut allergy is one of the best-studied legume allergies so far and is especially agsiated with

severe allergic reactions in children (Worm et al. 2014). Even small amounts like 0.2 mg peanut
protein can elicit allergic reactions in 5% of peanut-allergic subjects (Taylor et a. 2014).
Compared with other legume allergies, peanut allergy is reported to persist throughout life in

most patients with only approximately 22% outgrowing it (Peters et al. 2015; Skolnick et al.

2001). According to a meta-analysis in Europe, the prevalence of food-challengediefined
peanut allergy is 0.2% (Nwaru et al. 2014).

Peanut hasa total protein content of 21- 29% which is comparable to pea but below the protein
content of soybean (Dwivedi et al. 1990; Koppelman et al. 2001). However, peanut has with
an average of 44% a high oil content (Dwivedi et al. 1990).

To date 16 peanut allergens (Ara h 1 to 17) and numerous isoforms are listed inthe WHO/IUIS

allergen nomenclature database (http://www.allergen.org/). These 16 allergens can be divided

into the following families and superfamilies: cupins (Ara h 1, Ara h 3), prola mins (Ara h 2,

Arah 6, Arah 7, Arah 9, Ara h 16, Ara h 17), profilin (Ara h 5), Bet v 1-like (Ara h 8), glycosyl

transferasesGT-C (Ara h 10, Ara h 11, Ara h 14, Ara h 15) and scorpion toxin-like knottins

(Ara h 12, Ara h 13) (Cabanillas et al. 2018; Mueller et al. 2014). Among these allergens,
Arah 1, Ara h 2 and Ara h 3 account together for the vast majority of the total peanut protein

content and are together with Ara h 6 considered as the major peanut allergens(Hebling et al.

2012; Mueller et al. 2014) . In particular, Ara h 2 is described in several publications as an
important diagnostic marker for the prediction of peanut allergy (Beyer et al. 2015; Lieberman
et al. 2013; van Erp et al. 2017).

Peanut, like most other legumes, is boiled or roasted before consumption. Therefee, the effect
of thermal processing on its allergenicity has been widely studied with the result that roasting
can lead to an increase in IgE-binding capacity while boiling decreases IgE-binding capacitpf
peanut extract (Maleki et al. 2000b; Mondoulet et al. 2005) . However, the relevance of this

finding with regard to clinical reactivity is still unclear.

2.3.1 Peanutallergen Arah 1

Ara h 1, the first identified peanut allergen, is a well characterized vicilin-type 7S globulin with

a molecular weight of ~64 kDa (Burks et al. 1991; Burks et al. 1995). It is a very abundant
protein in peanut accounting for approximately 12-16% of the total peanut protein (Koppelman

et al. 2001). Burks et al. identified two cDNA clones encoding Ara h 1, clone P41B and clone
P17 with the sequence of P41B being registered in the WHO/IUIS database. Both sequences

share high sequence homology and contain one N-linked glycosylation site andan N-terminal
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signal peptide (Burks et al. 1995). Ara h 1 is described as a stable homotrimeric protein held
together by hydrophobic interactions (Maleki et al. 2000a; Shin et al. 1998). Even roasting does
not significantly affect the secondary structure of Ara h 1 and leads to an increased IgEbinding
capacity and resistance to heating and digestion (Maleki et al. 2000b; Nesbit etal. 2012).
Whereas boiling causes aggregation of Ara h 1 and resulted in a reduction irlgE binding (Blanc
et al. 2011). The resolved crystal structure of the Ara h 1 core region shows high similarity with
other known vicilin allergens like soybean Gly m 5 (Cabanos et al. 2011) In addition to the
high structural similarity, Ara h 1 shows high sequence similarity with other vicilins like, for
example, from lentil, pea and soybean, which additionally can cause IgE coss-reactivity (Barre
et al. 2005; Kroghsbo et al. 2011).

Ara h 1 is a major allergen recognized by the great majority of peanut-allergic patients in most
published studies (Burks et al. 1995; Kleber-Janke et al. 1999; Shreffler et al.2004). A review
focusing on the diagnostic accuracy of peanut components revealed for sIgE to Areh 1,
dependent on the study population and study design, sensitivities between 2692% (median
56%) and specificities between 4195% (median 85%). While the specificity of the 11S globulin
Ara h 3 is comparable (median 86%), its sensitivity is lower (median 45%) (Klemans et al.
2015).

To date, 24 linear IgE epitopes of Ara h 1 have been identified, of which four are considered
immunodominant asbeing recognized by more than 80% of peanut-allergic patients (Burks et
al. 1997; Shreffler et al. 2004). It could be shown that the majority of the identified IgE epitopes
of Ara h 1 are located at the monomer-monomer contact sites protected fromdegradation
(Maleki et al. 2000a) . Studies analyzing the allergenic potential of Ara h 1 digestion peptides
revealed a significant IgE-binding capacity and an induction of mediator release in basophis
(Eiwegger et al. 2006; Wichers et al. 2004).

Shreffler et al. observed a heterogeneous IgE binding to Ara h 1-derived peptides among peanut-
allergic patients, but the authors could also show that the number of recognized peptides seems
to correlate with the severity of the allergic reaction (Shreffler et al. 2004) . Another study from
Lin et al. analyzed peanut-allergic and peanut-tolerant patients for their IgE binding to peptides
of peanut proteins. Amongst other results, an improvement in the diagnostic accurag of Arah 1

peptides compared to whole peanut extract could be shown (Lin et al. 2012).

2.3.2 Peanut allergen Arah 2
Ara h 2, the second major allergen from peanut, is a monomeric 2S adbumin seed storage protein
with a molecular weight of ~18 kDa whose allergenic potential has been reported in several

studies (Burks et al. 1992; Clarke et al. 1998; Kleber-Janke et al. 1999;Steven Stanley and
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Bannon 1999). It accounts for 6-9% of the total peanut protein content and functions as trypsin
inhibitor (Koppelman et al. 2001; Maleki et al. 2003) . The allergen is composed of a single
chain and as a member of the 2S albumins it contains the conserved eightysteine residue motif
forming 4 disulfide bonds (Lehmann et al. 2006). Another post-translational modification of
Ara h 2 is the hydroxylation of specific proline residues (Li et al. 2010).

In general, Ara h 2 contains two isoforms, Ara h 2.01 (~17 kDa) and Ara h 2.02 (~18 kDa).
Both share high sequence identity with the major difference being a 12 aminoacid insertion in
the isoform Ara 2.02 (Chatel et al. 2003). In addition, compared to Ara h 2.01, Ara h 2.02
contains three instead of two hydroxylated proline residues (Li et al. 2010).

Ara h 2 is a largely =helical protein that shares high sequence and structure homology with
Ara h 6 which in turn is responsible for the observed cross-reactivity of bothpeanut allergens
(Lehmann et al. 2003; Lehmann et al. 2006). The structure of Ara h 2 and especially its core
structure protects the protein from proteolytic digestion (Lehmann et al. 2006; Sen et al. 2002).
It is reported that protease (trypsin and chymotrypsin) digested Ara h 2 still possess allergenic
potency by inducing mediator release (Lehmann et al. 2006). In addition, Sen et al. reported
that a 10 kDa protease-resistant fragment of Ara h 2 containing immunodominant IgE-epitopes
can bind serum IgE from pooled peanut-sensitized patients (Sen et al. 2002)

Controversial data are available regarding the importance of linear and @wnformational IgE
epitopes of Ara h 2 (Albrecht et al. 2009; Apostolovic et al. 2013; Bublin et al. 2013; King et al.
2005; Starkl et al. 2012) . However, Bernard et al. convincingly showed that a sensitization to
linear and conformational epitopes is dependent on the respective patient. The authors
observed that in approximately half of the investigated peanut-allergic patients reduced and
alkylated natural Ara h 2 and a 27-mer Ara h 2-derived peptide are still allergenic triggering
mast cell degranulation (Bernard et al. 2015). In addition, the study by Starkl and co-workers
showed a relevant remaining IgE binding and mediator release capacity of reduced and
alkylated natural Ara h 2 (Starkl et al. 2012) .

Furthermore, by comparing natural and recombinant Ara h 2 as well as Ara h 2derived peptides
with and without hydroxyproline residues, Bernard et al. highlighted the relevance of proline
hydroxylation for proper IgE binding and allergenic ity (Bernard et al. 2015). These observations
highlight the importance of both types of epitopes and of post-translational hydroxylation as
well as their consideration in the development of diagnostic and therapeutic approaches.

So far, more than ten IgE-binding epitopes of Ara h 2 have been identified and threeof them
suggested as being immunodominant Two of the three immunodominant epitopes contain the
amino acid sequence DPYSPS that is described as an important motif for IgE bindingHan et

al. 2016; Stanley et al. 1997). This motif is present on a flexible surface loop and occurs two
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and three times in Ara h 2.01 and Ara h 2.02, respectively (Chatel et al. 2003; Lehmannet al.
2006). Studies on both recombinant and natural Ara h 2 isoforms showed a higher IgEbinding
capacity and assumed a higher allergenicity of Ara h 2.02 (Bernard et al. 2015 Chatel et al.
2003; Hales et al. 2004). Furthermore, Li et al. identified the second proline within this DPYSPS
motif as being hydroxylated and Bernard et al. showed that this hydroxylation is relevant for
the IgE-binding capacity and the allergenicity of Ara h 2 (Bernard et al. 2015; Li et al. 2010).
In another experimental setup using liposomal nanoparticles, called nanoallergensthat display
different linear IgE-binding epitopes of Ara h 2, similar results could be shown. Nanoallergens
presenting a 15-mer peptide containing 2 repeated DPYSPS motifs with the second proline
being hydroxylated showed, compared to the other analyzed epitopes and its canterpart
without hydroxyproline, an enhanced immunogenicity triggering mast cell degranulation (Deak
et al. 2017).

In general, Ara h 2 is attributed as high allergenic protein being a more potent elicitor in
inducing mediator release in comparison to other peanut allergens (Blanc et al. 2009 Kulis et
al. 2012; Palmer et al. 2005; Peeters et al. 2007).

The diagnostic value of sIgE to Ara h 2 in comparison to peanut extract aml other peanut
allergens has been widely investigated with the result that Ara h 2 shows the besaccuracy in
predicting peanut allergy in infants and children (Beyer et al. 2015; Dang et al. 2012; Ebisawa
etal. 2012; Keet et al. 2013; Klemans et al. 2013b; Lieberman et al. 2A.3; Nicolaou et al. 2011,
van Erp et al. 2017). In this context, the review of Klemans and co-workers repated for sIgE to
Ara h 2 sensitivities ranging from 60% to 100% (median 88%) and specificities from 60% to
96% (median 85%) (Klemans et al. 2015).

Of all studies, Nicolaou et al. reported at a cut-off of 0.35 kUA/L of Ara h 2 sIgE the highest
sensitivity/specificity pair of 100% and 96%, respectively (Nicolaou et al. 2011). Areas under
the receiver operating characteristic (ROC) curves (AUC) of 0.84-0.99 highlight an almost
perfect accuracy in diagnosing peanut allergy (Beyer et al. 2015; Dang et al. 2Q.2; Ebisawa et
al. 2012; Klemans et al. 2013b; Lieberman et al. 2013; Nicolaou et al. 2011; van Erp et al.
2017). However, all published studies on the diagnostic value of sIgE to Ara h 2 arebased on
ImmunoCAP™ or ImmunoCAP™ |ISAC measurements usingE. coli-expressed recombinant
Ara h 2.01 (personal communication Dr. Jonas Lidholm, Thermo Fisher Scientific and
http://www.phadia.com/en/Products/Allergy-testing-products/ImmunoCAP-Allergen-
Information/Food- of-Plant-Origin/Allergen-Components/rAra-h-1-recombinant-Peanut/). A
potential increase in the diagnostic accuracy due to the use of Ara h 2.02 compared tArah 2.01

has not yet been shown.
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Ara h 2.01-derived peptides are also under investigation with regard to their diagnostic
application (Beyer et al. 2003; Lin et al. 2012; Otsu et al. 2015) . Using SPOT-membrane peptide
arrays displaying the three immunodominant epitopes of Ara h 2.01, formerly identified by
Stanley et al.,, and sera from peanut-allergic and peanut-sensitized but clinically tolerant
patients, Beyeret al. could show that differences in IgE binding exist between both study groups.
Between ~60-70% of peanut-allergic patients recognize each of the three immunodaminant
epitopes compared to less than 10% of peanut-tolerant patients (Beyer etl. 2003). In a more
recent approach, Linet al. used peptide microarray data and combined them with bioinformatic
analyses to increase the accuracy of IgE-binding peptides in diagnosing peanut allergy. The
authors determined serum IgE binding from peanut-allergic and tolerant patients to overlapping
peptides covering the entire primary structures of Ara h 1, Ara h 2.01 and Arah 3. Hereby,
especially the IgE binding to peptides of Ara h 2.01 showed, in comparison toAra h 1 and
Ara h 3, the best discrimination between allergic and tolerant patients. By applying machine
learning methods on microarray data, the authors could identify four peptide bio markers
increasing the diagnostic accuracy and reaching a sensitivity and specificity of 90% ad 97%,
respectively. These four peptides are each one peptide of Ara h 1 and Ara h 3 and twof
Ara h 2.01 with the two Ara h 2.01 peptides being described as the key biomarkers(Lin et al.
2012).

Even though the mentioned studies show promising results, the isoform Ara h 202 and the
post-translational hydroxylation of proline within the DPYSP °"S motif have not been considered

in any such study so far.

2.3.3 ldentified gaps in peanut allergen knowledge

Ara h 1, Ara h 2 and Ara h 3 are considered as the major peanut allergens. ©these proteins,
Ara h 2 has so far the highest diagnostic value, including high sensitivity and sgcificity.
Compared to Ara h 2, Ara h 1 also has a high specificity but a lower sensitiity, whereas Ara h3
has an even lower sensitivity (as outlined in chapters 2.3.1 and 2.3.2). Therefore, the 2S
albumin Ara h 2 and the 7S globulin Ara h 1 were selected for further investigation.

Despite the fact that several studies are published on the relevance and the diagnostic value of
Ara h 1, Ara h 2.01 and derived peptides, at the beginning of this PhD project, ro diagnostic
studies have been published that also take into account the second Ara h Bsoform Ara h 2.02.
Although there is evidence that Ara h 2.02 may be even more relevant than Ara h 2.01 ad may
possibly improve peanut allergy diagnosis (Bernard et al. 2015; Hales et al.2004). Therefore,
recombinant Ara h 1, Ara h 2.01, Ara h 2.02 and derived peptides should be analyed for their

relevance and diagnostic value using sera from symptomatic peanut-bergic versus tolerant
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sensitized subjects without clinical symptoms. In addition, special attention should be given to
peptides of Ara h 2.01 and Ara h 2.02 containing hydroxylated proline residues as the dagnostic
and therapeutic relevance of the post-translational site-specific hydroxylation within the Arah 2
binding sites has not been investigaed at the beginning of this PhD project to the best of

knowledge.

2.4 Pea allergy

Pea as well as chickpea and lentil play an increasingly important role as basic ingredient# the
vegan diet. After boiling, these legumes are processed into different dishes like spreadsalads
or real main dishes.

Allergy to pea (Pisum sativun) is with an estimated prevalence of 0.2% less common compared
to other legume allergies (Kroghsbo et al. 2011). Some basic work on pea Hergens and pea
allergy has been done by Sanchez and co-workers (Sanchez-Monge et al. 2004However, pea
allergy has been less investigated than, for example, peanut allergy. Hence, onljimited data
are published on pea allergens.

Moreover, compared to soybean and peanut, pea has not been assigned as angredient for
mandatory labeling in the EU (Regulation (EU) No 1169/2011) . However, pea has been
recognized as an emerging allergenic food (personal communication Prof. Dr. K. Bger) and
severe allergic reactions have been described in children and adults after ingestion of ga
(Lavine and Ben-Shoshan 2019; Wensing et al. 2003) The unintended ingestion of hidden pea
protein in food products was reported as the major cause of anaphylacticreactions in a recently
published Canadian pediatric case series (Lavine and Ben-Shoshan 2019)

Moreover, relevant clinical cross-reactivity has been described with chickpea, lentiand peanut
(Martinez San Ireneo et al. 2008; Wensing et al. 2003).

The protein content of pea seeds is on average 22% and the majority of extracthle pea proteins
are globulins with an average content of 70% of the total protein (Tzitzikas et al. 2006). So far,
only three pea allergens, namely Pis s 1, Pis s 2 and Pis s 3, have been registerdy the
WHO/IUIS Allergen Nomenclature Sub-Committee (http://www.allergen.org/). Pis s 1 a nd
Piss 2 are globulin storage proteins and have been suggested by Sanchez and co-workers as
potential major pea allergens. However, this study was essentially based on a sem pool and
natural protein preparations enriched in vicilins. In addition, individual data on serum IgE
binding were largely undisclosed (Sanchez-Monge et al. 2004).

Pis s 1 is a 44 kDa vicilin, whereas Pis s 2 is described as a 63 kDa convicil§Croy et al. 1980;
Sanchez-Monge et al. 2004) Both proteins share high sequence identity (~70%) and

serological cross-reactivity, with the major difference being an N-terminal insertion in the
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sequence of Pis s 2 (Bown et al. 1988; Croy et al. 1980) Pis s 3 belongs to the prolamin
superfamily and is a 9.5 kDa non-specific lipid-transfer protein (nsLTP) that was recently
identified and structurally characterized as a putative food allergen with IgE cross-reactvity to
the nsLTP and major peach allergen Pru p 3 (Bogdanov et al. 2016)

Despite IgE cross-reactivity to Pis s 3, Bogdanov and co-workers just included patients wh a
sensitization to Pru p 3 and did not provide evidence for a pea allergy (Bogdanov et al.2016).
Compared to other legumes, such as peanut and soybean, no albumin has yet beathescribed
as an allergen in pea. However, it is reported that the albumin fraction might also include

allergenic proteins (Malley et al. 1975; Sell et al. 2005).

24.1 PeaallergenPiss1

It is reported that Pis s 1 comprises between 1% and 8% of the total proteinin pea extract. In

this context, Kroghsboet al. calculated a content of 1% to 4%, whereas Tzitzikaset al. reported

that Pis s 1 accounts for 4% to 8% of the total pea protein content (Kroghsbo ¢ al. 2011;

Tzitzikas et al. 2006).

Pis s 1 is described as a glycosylated protein that undergoes extensive post-tnalational

proteolysis leading to subunits ranging from 12.5 to 36 kDa (Badenoch-Jones et al. 1981,
Gatehouse et al. 1981; Gatehouse et al. 1982; Sanchez-Monge et al. 2004)n contrast, Pis s 2
is not glycosylated and does not undergo such post-translational cleavage (Bown et al. 188;

Croy et al. 1980).

Published data on immunochemical properties of Pis s 1 are rare and ar@nly based on purified

vicilin fractions. Before Pis s 1 was identified as an allergen, a study ly Wensing et al. detected
clinically relevant cross-reactivity between pea and peanut with Ara h 1 and pea vicilin being
responsible for this cross-reactivity. By investigating sera from three pea-allergigatients who
subsequently developed peanut allergy, the authors could identify pea vicilin asthe primary

sensitizer in this study population using immunoblot as well as ELISA inhibition experiments
with extracts, natural Ara h 1 and pea vicilin (Wensing et al. 2003). In 2004, Sanchez-Monge
et al. identified Pis s 1 as potential major allergen from pea. In this study, sera from 18 pea-
allergic patients were pooled or individually analyzed for their IgE binding to pea extract or pea
extract fractions enriched in pea vicilin. The authors reported that 77% and 55% of the analyzed
patients showed an IgE binding to full-length Pis s 1 and its proteolytic 32 kDa subunit,

respectively. The other proteolytic subunits of Pis s 1 were also bound by serumgE but to a
lower extent (16-26%). Furthermore, the study revealed that Pis s 1 is heat stabile to boilng

and cross-reacts with Len ¢ 1 from lentil. Within this study the sequences of wo isoforms of
Piss 1, namely Pis s 1.0101 and Pis s 1.0102, could be identified (Sanchez-Monge et a2004).
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2.4.2 Putative pea allergens PA1 and PA2

The albumin fraction of pea contains two major components, the low molecular weight pea
albumin 1 (PA1) and the high molecular weight pea albumin 2 (PA2) (Gruen et al. 1987) .
Although both proteins belong to the albumins, their suspected particular functions are different
and their respective belonging to the conventional storage proteins is assumed being dierent.
PAL is a sulfur-rich protein that contributes ~50% of the total pea seed sulfur amino acids
although it accounts for less than 10% of the pea seed total protein(Higgins et al. 1986). This
in combination with its degradation upon germination suggests that it may function as sulfur
storage protein (Gatehouse et al. 1985; Gruen et al. 1987; Higgins et al. 1986). Thell kDa
PAL proprotein can be proteolytically cleaved into two mature proteins, PAla (~6 kDa) and
PA1b (~4 kDa). The described potential proteolytic cleavage of PA1 comprises the removal of
a linker propeptide and a C-terminal propeptide composed of 6 and 8 amino acids, respectively
Unlike the conventional 2S albumin storage proteins, PAla and PAlb are describedsnot being
linked by interchain disulfide bonds, thus, potentially leading to two separate monomers
(Higgins et al. 1986). Currently, six variants of PA1 (PA1 A-F) with only minor sequence
variations are listed in the UniProt database (http://www.uniprot.org/) highlighting the
multigenic character of this pea 2S albumin. More recent research on PA1b has shown that this
protein possess insecticidal activity (Da Silva et al. 2010; Jouvensal et b 2003).

The content of PA2 in pea seeds is comparable to PA1 but due to a lower content fosulfur
amino acids, it accounts for only ~11% of the total pea seed sulfur amino acids (Higgins et al.
1987). In contrast to conventional storage proteins, PA2 is synthesized without sign&peptide,
is localized in the cytosol and is not significantly degraded in germinating seeds which seems
to exclude a function as conventional storage protein (Croy et al. 1984; Higgins etal. 1987).
Regarding the function of PA2, Vioque et al. suggested thatit may function as a lectin and
Vigeolaset al. observed a role of PA2 in polyamine metabolism (Vigeolas et al. 2008 \Vioque et
al. 1998). PA2 shows high sequence homology with a 2S albumin from lentil and is a
homodimer (48-53 kDa) consisting of the two subunits PA2a (~25 kDa) and P A2b (~24 kDa)
that show high sequence identity (Croy et al. 1984; Gruen et al. 1987; Higgins et al. 1987).
The relevance of both pea albumins, PA1 and PA2, as potential allergens ingm-allergic patients
is still unclear and none of both is so far registered as an allergen Beside two studies by Vioque
et al., who analyzed chickpea-sensitive individuds for their IgE binding to purified natural PA1
and PAZ2 in dot blot analysis, no IgE-binding data are currently available (Vioque et al. 1998;
Vioque et al. 1999).

Introduction 25



2.4.3 lIdentified gaps in pea allergen knowledge

At the beginning of this PhD project, allergy to pea has been little investigated at the clinical
and molecular level compared to peanut. Due to the very limited data on the relevance of
individual allergens, in vitro diagnosis of pea allergy, that complements clinical anamnesis, is
based solely on pea extract allergen preparations. In contrast, a componet-based approach
may improve the diagnostic accuracy as outlined for peanut. With regard to the relevance of
individual pea components, the 7S globulin Pis s 1 has been suggested as a ftial major
allergen. In addition, it is speculated that the albumin fraction, including the m ajor components
PA1 and PA2, may also contain allergenic proteins. However, detailed data on relevant omajor
albumin and vicilin allergens of pea and their IgE-binding sites are currently lacking.
Therefore, recombinant Pis s 1, PA1 and PA2 should be generated and invagated for their
relevance and diagnostic value using sera from symptomatic pea-allergic versus pesensitized
but clinically tolerant children. Moreover, derived peptides should be additionally investigated

for their serum IgE-binding capacity and their diagnostic value.

2.5 Soybean allergy

The estimated prevalence of food-challenged-defined soybean allergy is 0.3% in Bope (Nwaru
et al. 2014). It is reported that the majority (~50%) of soybean-allergic children outgrow their
allergy and develop tolerance at the age of 7 years (Savage et al. 2010)Compared with the
other two legumes, peanut and pea, soybean has with ~40% the highest protein contentmaking
it an even more important nutrient supplier (Liu 1997) . The consumption of soybean products
like soy milk, soy sauce, soy oil and tofu has increased in Europe wer the last few years
Especially tofu is preferably included in the vegetarian diet as meat substitute.In addition, soy
is used as emulsifier, protein filler and texturizer in the industrial food production . Many foods
like breads, cakes, sausages and margarine contain soy proteins and thus harbor the ristf
triggering an allergic reaction due to accidental consumption (Steinman 1996).

Several IgE-binding soybean proteins have been identified but only eight of them are regitered
as allergens in the WHO/IUIS database: the hullproteins Gly m 1 and Gly m2, the birch pollen-
related allergens Gly m 3 and Gly m 4, the storage globulins Gly m 5 and Gly m6, the storage
albumin Gly m 8 as well as the seed biotinylated protein Gly m 7 (Ballmer-Weber and Vieths
2008; Cabanillas et al. 2018; Holzhauser et al. 2009; Kattan et al. 2011; Riascoset al. 2016).
Especially the storage proteins are described as major soybean allergens in dbdren (Ebisawa
et al. 2013; Ito et al. 2011). However, the diagnostic value of soybean allergens is limited due
to controversial results of independent studies (Ebisawa et al. 2013; Fukutomi et al. 2012;

Holzhauser et al. 2009; Ito et al. 2011; Kattan and Sampson 2015; Klemans et al2013a; Lin et
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al. 2006; Vissers et al. 2011). Differences in the study populations (e.g. age) or in the dietary

habits due to geographic variations might explain the observed inconsistencies.

In addition, Maruyama and co-workers recently published the so far larges component-resolved
diagnostic (CRD) study including all soybean allergen components. By investigating the serum
IgE binding of Japanese children with suspected soybean allergy to soybean extract ral

individual components, the authors observed a patient-dependent, rather individual

sensitization profile. Moreover, no single soybean component alone had a igh diagnostic value

in this Japanese cohort (Maruyama et al. 2018).

Currently, for serological soybean allergy diagnosis using ImmunoCAP" or ImnmunoCAP™ISAC
recombinant (r) and natural (n) allergen components rGly m 4, nGly m 5 and nGly m 6 are

available (www.thermoscientific.com/phadia/de), in addition to soybean extract -based

analysis

2.5.1 Soybean allergen Gly m 5

Gly m 5, or >conglycinin, is a vicilin-type 7S globulin that accounts for approximately 30% of
the total seed proteins (Maruyama et al. 2001). The whole protein has a molecular weight of
150-200 kDa and is composed of the three subunitss = B OsBaving molecular weights of
67 kDa, 71 kDa and 50 kDa, respectively (Maruyama et al. 1998) The three subunits 5 = BOE
>are referred to as Gly m 5.0101, Gly m 5.0201 and Gly m 5.0301/Gly m 5.0302, respectively
(Holzhauser et al. 2009). After their synthesis on the rough endoplasmic reticulum and the
cotranslational processing including removal of signal peptide and N-glycosylatia, the subunits
assemble into trimers which are transported into the vacuole where the subunits are further
processed to the mature densely packed trimeric from. Different trimeric subunit compositions
are described including homotrimers. Despite N-terminal extension regions in =and = llBree
subunits consist of a homologous core region that shows a sequence homologgf ~ 70-90%
(Maruyama et al. 1998). Furthermore, Gly m 5 shows sequence homology with other 7S
globulins from hazelnut, pea and peanut leading to serological cross-reactivity(Kroghsbo et al.
2011).

One of the first studies analyzing the IgE-binding capacity of Gly m 5 was published by
Holzhauseret al. in 2009. The authors analyzed soybean-allergic children and adults and could
identify a sensitization to Gly m 5 in 43% of the study population, with all children being
sensitized to Gly m 5 (Holzhauser et al. 2009). Furthermore, this study and a study from Japan
by Ito et al., who analyzed Japanese soybean-allergic children, revealed a correlation of sIgE to
Gly m 5 and Gly m 6 with the severity of symptoms of soybean allergy(Holzhauser et al. 2009;
Ito et al. 2011).
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All three subunits of Gly m 5 can bind serum IgE from soybean-allergic patients (Fblzhauser et
al. 2009; Maruyama et al. 2018).

Depending on the investigated study population, different sensitization frequencies tothe three
subunits of Gly m 5 were reported. In previous unpublished investigations in the research group
of Dr. Thomas Holzhauser (Division of Allergology, Paul-Ehrlich-Institut), sensitization to the
the >subunit Gly m 5.03 was more frequent in European soybean-allergic subjects (aduk and
children) than to the =or =$ubunits of Gly m 5, namely Gly m 5.01 and Gly m 5.02. In contrast,
a recently published CRD study from Japan reported the highest frequency of sensitation to
the =subunit Gly m 5.01 (92.5%) and only a 60% sensitization frequency to Gly m 5.03 in
Japanese soy-allergic children (Maruyama et al. 2018).

Studies on adult soybean-allergic patientsinstead reported no predominant sensitization to
Glym 5 and Gly m 6 or no correlation of Gly m 5 and Gly m 6 with the severity of symptoms
(Fukutomi et al. 2012; Klemans et al. 2013a; Vissers et al. 2011) Klemans et al. from the
Netherlands detected a correlation of sIgE to Gly m 5 and Gly m 6 with rather mild and not
severe allergic symptoms (Klemans et al. 2013a) Studies from Visserset al. and Fukutomi et al.
found a predominant sensitization to Gly m 4 and no or only a limited sensitization to Gly m 5
and Gly m 6 in adult soybean-allergic patients (Fukutomi et al. 2012; Vissers et al. 2011). The
findings of these three studies show that the sensitization profiles are different between
soybean-allergic adults and children. All three studies report a correlation between the sIgE to
soybean Gly m 4 and birch pollen Bet v 1. This suggests that in adult soybearallergic patients
a sensitization via the gastrointestinal tract is rather rare and soybean allergy is probably
mediated by IgE cross-reactivity between Bet v 1 and its homologue Gly m 4.

The diagnostic value of sIgE to Gly m 5 was assessed in comparison to othesoybean
components in soybean-allergic children from Japan, from the US and in sgbean-allergic
adults from the Netherlands, respectively, in three independent studies. All studies coud detect
a sensitization to Gly m 5 in their soybean-allergic study population; however in all three study
populations the diagnostic value of Gly m 5 was below that of Gly m 8, the soybean 2S albumin,
MFBEJOH UP UIF BVUIPS T IZQPUIFTJT UIBU (GIZSNTP KGCHBW B Bl -CSH
(Ebisawa et al. 2013; Kattan and Sampson 2015; Klemans et al. 2013a) However, in a larger
CRD study, sensitization to Gly m 8 in Japanese children was only 60% (Maruyama et al. 2018).
To date only IgE-binding peptides of Gly m 5.01 have been analyzed and identifed, but the
potential of IgE-binding peptides to improve soybean allergy diagnosis has neverbeen

investigated (Sun et al. 2013).
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2.5.2 Soybean allergen Gly m 8

Two 2S albumins sharing 74% sequence identity could be isolated from soybearseeds: 2S
albumin 1 (AL1) and 2S albumin 3 (AL3) (Lin et al. 2004). Since 2014, AL3 (UniPro t accession
no. P19594) is registered as an allergen in the IUIS database and is designated as Giy 8.

The mature Gly m 8 is described as being composed of two subunits linked by twadisulfide
bonds (Lin et al. 2004). Furthermore, it is characterized as an =helical protein, which is
resistant to heating and chemical denaturation (Lin et al. 2004).

Regarding the relevance of this soybean allergen, controversial data are available. The first
study on the IgE reactivity of Gly m 8 was published by Lin et al. in 2006. Using sera from
European soybean-allergic patients with the majority being children, the authors could not
detect any serum IgE binding to rAL1, rAL3 and nAL3 (Lin et al. 2006). Although Visserset al.
reported a higher level of sIgE to Gly m 8 compared to Gly m 5 and Gy m 6, the authors
identified Gly m 4 as the protein with the highest predictive value in their study p opulation.
This study population was composed of adult soybean-allergic patientshaving a very low level
of soybean-specific IgE but being primarily sensitized to Bet v 1 (Vissers et al2011). Other
studies in contrast report a predominant role of sIgE to natural Gly m 8 (nGly m 8) in predicting
soybean allergy (Ebisawa et al. 2013; Kattan and Sampson 2015; Klemans etla2013a). Using
sera from Japanese children sensitized to soybean, ~90% of soybean-allergichildren showed
a sensitization to nGly m 8 (nAL3). ROC curve analysis in comparison to Gly m5 (AUC 0.69)
and Gly m 6 (AUC 0.64) showed a better diagnostic accuracy of Gly m 8 (AUC 0.75)in this
Japanese cohort (Ebisawa et al. 2013) This result is in accordance with a study from Klemans
et al. analyzing soybean-allergic and tolerant adults for their sensitization to Gly m 4, Gly m 5,
Gly m 6 and Gly m 8. The authors from this Dutch study concluded, based on their ROC curve
analyses, that Gly m 8 had the best diagnostic value in their study pgulation, although the
AUC of Gly m 8 (0.79) was comparable to Gly m 6 and soybean extractboth 0.77) (Klemans
et al. 2013a). In addition, a study from the US on soybean-allergic and sensitized but tolerant
children diagnosed by oral food challenge suggested Gly m 8 (AUC 0.82) as the &st diagnostic
marker for clinical soybean allergy (Kattan and Sampson 2015)

However, a recently published CRD study by Maruyama and co-workers, who anlyzed
Japanese soybean-allergic children for their sensitization to recombinant soybean@mponents,
reported lower AUC values of rGly m 8 (AUC 0.71) and the subunits of rGly m 5 (AUC 0.49-
0.61). No single component alone had a high diagnostic value and therefore the athors
established a novel approach by generating a fusion protein composed of Gly m 8ad the low

cross-reactive N-terminal extension region of Gly m 5.02 (= subunit of Gly m 5). By doing so,
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the diagnostic accuracy could be increased in this Japanese study population (AUC 0.80)
(Maruyama et al. 2018).

However, the diagnostic value of the soybean 2S albumin Gly m 8 (maximum AUC 0.82) is not
as high as that of its peanut counterpart Ara h 2 (maximum AUC 099) (Nicolaou et al. 2011) .
Neither the single component Gly m 8 nor the Gly m 5-Gly m 8 fusion component showed such

a high diagnostic accuracy as peanut Ara h 2.

2.5.3 lIdentified gaps in soybean allergen knowledge

Depending on the respective study population with regard to population age and geographical
region, controversial data on the relevance of soybean components Gly m 5 and Gly n8 have
been published at the beginning of this PhD project. Therefore, recombinant Gly m 5 and
Gly m 8 should be analyzed for their serum IgE binding and their diagnostic value. The subunt
Gly m 5.03 was chosen for further investigations of Gly m 5 using serum sampls from German
subjects because it previously showed the highest IgE-binding frequency among althree
Gly m 5 subunits in European soybean-allergic subjects (unpublished data, Paul-Ehrlich-
Institut). In addition, the potential of IgE binding to peptides of Gly m 5.03 and Gly m 8 to

improve soybean allergy diagnosis has not yet been investigated.

2.6 Aim of this PhD project

The determination of specific recognition patterns of IgE-binding at the protein and peptide
level may result in novel and more accurate diagnostic approaches, as well as inafe and
efficacious therapeutic reagents, as compared to traditional total protein extract-based
diagnostic or therapeutic allergen preparations. 2S albumins and 7S globulins havebeen shown
as important legume allergens. However, controversial or incomplete dataexist, at least in
part, about their relevance in pediatric legume-allergic populations.

Therefore, the aim of this PhD project was to compare legume-allergic and sensized but
clinically tolerant children regarding their IgE binding to 2S albumin and 7S globulin legume
allergens from peanut, pea and soybean at the protein level. By doing sothe relevance and the
diagnostic value of individual allergen components should be determined for each investigded
legume. According to the mentioned gaps in legume allergy knowledge (chapter 2.3.3, 2.4.3
and 2.5.3), the following 7S globulins and 2S albumins were in the focus of this PhD project:
Ara h 1 and both Ara h 2 isoforms (Ara h 2.01 and Ara h 2.02) from peanut, Pis s1 and both
major albumin components (PA1 and PA2) from pea, and Gly m 5.03 and Gly m 8 from soybean.
Furthermore, IgE-binding peptides specific for the individual allergen should be investigated

and analyzed for their diagnostic value for the respective legume allergy. Thein vitro diagnostic
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value of allergen-specific peptides should be compared to that of the full-length allergen
components and to total protein extracts in order to evaluate their use as potential diagnogic
reagents to differentiate between allergy and sensitization without clinical reactivity.

In order to determine the relevance and the diagnostic value of individual full-length a llergens,
they were heterologously expressed, purified and physicochemically and immunochengally
characterized. As expression systemPichia pastoriswas favored as it enables a simple non-
denaturing purification of recombinant proteins from its cell culture supernata nt and further it
enables post-translational modifications such as disulfide bond formation andfolding. These
properties are especially advantageous in the generation and purification of2S albumins that
form disulfide bonds. Due to comparability, 7S globulins should be also expressed using
Pichia pastoris In the case of problems during expression inPichia pastoris Escherichia coli
should be used as an alternative expression system.

For peptide analysis, multipeptide microarray slides displaying synthetic overlgpping peptides
that represent the investigated full-length allergen were generated. Using individual patient
sera testing, IgE-binding peptides in approximation to linear epitopes were identified.
Conformational epitopes were not investigated because of the complexity of elucidation kut
there is awareness of the potential relevance. Diagnostic values of total protein etacts, purified
recombinant allergens and selected allergen-specific peptides should be done statistically usg
receiver operating characteristic (ROC) curve analysis.

Finally, by comparing the outcome of the three legume projects, attention will be drawn to
concordance or divergence between the different legume allergens in children. Furthemore,
based on protein and epitope data, additional knowledge for the developmert of optimized,

therapeutic approaches should be discussed, e.g. with regard to an improvedafety profile.
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3 Materials and Methods

3.1 Materials
3.1.1 Equipment

Table 1: Commonly used equipment.

Equipment

Company

Biofuge (Heraeus® 28RS)

Thermo Fisher Scientific, Waltham, MA, USA

Cell density meter (Biowave WPA CO 8000)

Biochrom Ltd., Cambridge, UK

Centrifuge (5804 R)

Eppendorf AG, Hamburg, Germany

Centrifuge (5415 R)

Eppendorf AG, Hamburg, Germany

Centrifuge (5414 C)

Eppendorf AG, Hamburg, Germany

Circular dichroism (CD) spectropolarimeter
(J-810S)

JASCO Germany GmbH, Gro3-Umstadt,
Germany

Constant Systems cell disruptor (TS series)

Constant Systems Ltd., Daventry, UK

Diaphragm pump (ME 2 NT)

Vacuubrand GmbH & Co. KG, Wertheim,
Germany

Freezer -80°C

New Brunswick Scientific, Edison, NJ, USA

Freezer -20°C (Premium No Frost)

Liebherr-International Deutschland GmbH,
Biberach an der Rif3, Germany

Fridge (FK 5440)

Liebherr-International Deutschland GmbH,
Biberach an der Rif3, Germany

Gene Pulse? |l electroporation system

Bio-Rad Laboratories GmbH, Miinchen,
Germany

Heating and drying oven (Heraeus® UT 6060)

Thermo Fisher Scientific, Waltham, MA, USA

HPLC Smartline System

KNAUER Wissenschaftliche Gerate GmbH,
Berlin, Germany

Imager system Fusion FX

Vilber Lourmat Deutschland GmbH,
Eberhardzell, Germany

Incubator (Heraeus® B6060)

Thermo Fisher Scientific, Waltham, MA, USA

Incubator shaker (New Brunswick™ Innova® 44)

Eppendorf AG, Hamburg, Germany

Intas Gel Jet Imager

INTAS Science Imaging Instruments GmbH
Gottingen, Germany

Microwave (MICRO-CHEF FM1915)

Moulinex, Alencon, France

Mini-PROTEAN® 3 Cell

Bio-Rad Laboratories GmbH Miinchen,
Germany

Multifuge ® (Heraeus® 3S-R)

Thermo Fisher Scientific, Waltham, MA, USA

MultiPep peptide synthesizer

Intavis AG, Koln, Germany

NanoPhotometer® (NP80)

Implen GmbH, Minchen, Germany

Novex] 9$FMM 4V SF-PLI
Electrophoresis System

.JOJ

Thermo Fisher Scientific, Waltham, MA, USA

Orbital shaker (Polymax 2040)

Heidolph Instruments GmbH & Co. KG,
Schwabach, Germany

RAGE® (Rapid Agarose Gel Electrophoresis
device (RGX-60/RGX-100)

Cascade Biologics, Inc., Portland, USA

Savant Speed Va@

Thermo Fisher Scientific, Waltham, MA, USA

Scanner (HP Scanjet 8300)

HP Inc., Palo Alto, CA, USA

Semi-dry blotter (Pegasus)

PHASE Gesell. fur Phorese, Analytik und
Separation mbH, Lubeck, Germany

Slide Spotting Robot

Intavis AG, Kdéln, Germany
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SpectraMax 340PC microplate reader

Molecular Devices, Sunnyvale, USA

Standard Power Pack (P25/P25T)

Biometra, Gottingen, Germany

Thermal cycler (2720)

Applied Biosystems, Foster City, CA, USA

Thermomixer comfort (1.5 ml

Eppendorf AG, Hamburg, Germnay

Ultracentrifuge (Sorvall Evolution RC)

Thermo Fisher Scientific, Waltham, MA, USA

Universal grinder (M20)

IKA®-Werke GmbH & Co.KG, Staufen,
Germany

Vortex mixer (REAX 2000)

Heidolph Instruments GmbH & Co. KG,
Schwabach, Germany

X-ray film processor (CURIX60)

Agfa HealthCare GmbH, Bonn, Germany

Zetasizer NanoZS

Malvern Panalytical GmbH, Kassel, Germany

3.1.2 Chemicals and reagents

If not stated otherwise, chemicals and reagents were used in pro analysis (p.2 grade.

Chemicals and reagents used forQFQUJEF TZOUIFTJT XFSF QVSDIBTFE XJU
QFQUJEF TZO Uhnémicalkwand 'rvalyen® were provided from Agfa (Bonn, Germany),
AppliChem (Darmstadt, Germany), Bio-Rad (Munchen, Germany), Carl Roth (Karlsruhe,
Germany), KPL (Gaithersburg, MD, USA), Merck (Darmstadt, Germany), Roche Diagnstics

(Mannheim, Germany), Sigma-Aldrich (Steinheim, Germany), Thermo Fisher Scientific

(Schwerte, Germany) and VWR (Darmstadt, Germany) respectively.

3.1.3 Buffers and solutions

Table 2: Composition of buffers and solutions.

Buffer/Solution

Composition

Alkylation solution (LC- MSF)

260 mM iodacetamide
50 mM NH4HCGOs

Blocking buffer (immunoblot)

0.3 M tris

Anode buffer 1 (pH 10.4) 20% (viv) methanol
25 mM tris

Anode buffer 2 (pH 10.4) 20% (viv) methanol
TBSpH 7.4

2% powdered milk

Blocking buffer (microarray)

10% blocking buffer (10x) (B6429; Sigma-Aldrich)
0.05% Tween20®
5% sucrose

Cathode buffer (pH 7.6)

40 mM 6-aminohexanoic acid
20% (v/v) methanol

CapMixture

4% (v/v) acetic anhydride
5% 2,6-lutidine
91% 1-methyl-2-pyrrolidinone

Cleavage solution

5% (v/v) dH .0

2.5% (v/v) triisopropylsilane
88.5% (v/v) trifluoroacetic acid
4% trifluoromethanesulfonic acid
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36% glacial acetic acid
Coomassie staining solution 28.5% methanol
0.2% (w/v) Coomassie Brilliant Blue G250
10% glacial acetic acid
30% methanol
20 mM sodium phosphate buffer pH 7.6
500 mM NacCl
20 mM imidazole
Denaturing buffer 8 M urea
per 500 ml buffer one protease inhibitor cocktail tablet
(cOmplete Tablets, Mini, EDTA-free, Roche
Diagnostics)
40% ethanol
50mM NH4HCOs
20 mM sodium phosphate buffer pH 7.6
Dialysis buffer 1 10 mM NacCl
1 mM EDTA
20 mM sodium phosphate buffer pH 7.6
Dialysis buffer 2 500 mM NacCl
1 mM EDTA
20 mM sodium phosphate buffer pH 7.6
100 mM NacCl
1 mM EDTA
500 mM imidazole
20 mM sodium phosphate buffer pH 7.6
500 mM NacCl
Elution buffer 2 500 mM imidazole
per 500 ml buffer one protease inhibitor cocktail tablet
(cOmplete Tablets, Mini, EDTA-free, Roche Diagnostics)
25 mM NH4HCGO;
10% acetonitrile
TBSpH 7.4
Incubation buffer (immunoblot) 0.05% Tween20®
2% powdered milk
0.25 M tris
1.92 M glycine
0.31 M Tris-HCI pH 6.8
Native PAGE sample buffer (5x) 0.05% bromphenol blue
50% glyercol
4.8 ml dH-0
10 ml Rotiphorese® NF-Acrylamide/bis-solution 30%
Native PAGE separation gel (15%) 5 ml Tris-HCI (1.5 M) pH 8.8
UM "14

UM 5&.&%
6.9 ml dH20
1.7 ml Rotiphorese® NF-Acrylamide/bis-solution 30%
Native PAGE stacking gel (5%) 1.25 ml Tris-HCI (1 M) pH 6.8
100 WAPS (10%)

UM 5&.&%
137 mM NacCl
2.7 mM KCI
10 mM NazHPO4
1.8 mM KH,PO,
0.1% (w/v) Ponceau S
5% glacial acetic acid
65 mM DTT
50 mM NH4HCOs

Coomassie destaining solution

Destaining solution (LC-MSF)

Elution buffer 1

Elution buffer (LC-MSF)

Native PAGE running buffer (10x)

PBS (pH 7.4)

Ponceau S solution

Reduction solution (LC-MSF)
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Renaturing buffer

20 mM sodium phosphate buffer pH 7.6
500 mM NaCl
20 mM imidazole

per 500 ml buffer one protease inhibitor cocktail tablet

(cOmplete Tablets, Mini, EDTA-free, Roche
Diagnostics)

SDS-PAGE running buffer (10x)

0.25 M tris
1.92 M glycine
1% (w/v) SDS

SDS-PAGE sample buffer (5x)

10% (w/v) SDS

0.1% (w/v) bromphenol blue
0.25 M Tris-HCI pH 6.8
50% glycerol

7.7% (w/v) DTT

SDS-PAGE separation gel (15%)

4.6 ml dH>0

10 ml Rotiphorese® NF-Acrylamide/bis-solution 30%
5 ml Tris-HCI (1.5 M) pH 8.8

200 pl SDS (10%)

200 pl APS (10%)

20 ul TEMED

SDS-PAGE stacking gel (5%)

6.8 ml dH,0

1.7 ml Rotiphorese® NF-Acrylamide/bis-solution 30%
1.25 ml Tris-HCI (1 M) pH 6.8

100 pl SDS (10%)

100 pl APS (10%)

10 yl TEMED

Side-chain cleavage solution

5% (v/v) dH 20

3% (v/v) triisopropylsilane
12% (v/v) dichloromethane
80% (v/v) trifluoroacetic acid

Sodium phosphate buffer (0.1 M, pH 7.6)

84.5 ml NazHPO, (1 M)
15.5 ml NaH2POs (1 M)
ad 1000 ml dH,O

40 mM tris

TAE buffer 20 mM acetic acid
1 mM EDTA
50 mM tris

TBS (pH 7.4) 150 mM NacCl

50 mM HCI (37%)

Size exclusion buffer

20 mM sodium phosphate buffer pH 7.6
10 mM NacCl
1 mM EDTA

Washing buffer (IMAC)

20 mM sodium phosphate buffer pH 7.6
100 mM NacCl

Washing buffer (immunoblot/microarray)

TBSpH 7.4
0.05% Tween20®
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3.1.4 Cell culture media

Table 3: Media composition.

Medium Composition

1% yeast extract

2% peptone

100 mM potassium phosphate, pH 6.0
1.34% yeast nitrogen base (without amino acids)
4 x 10-5% biotin

1% glycerol

1% yeast extract

2% peptone

100 mM potassium phosphate, pH 6.0
1.34% yeast nitrogen base (without amino acids)
4 x 10-5% biotin

0.5% methanol

1% tryptone

LB medium (pH 7.0) 1% yeast extract

0.5% NaCl

LB medium

1.5% agar-agar

MEM (Mimimal Essential Medium)
RBL medium 5% [v/v] fetal calf serum (FCS)

1% [v/v] L-glutamine

1% yeast extract

YPD medium 2% peptone

2% dextrose

1% yeast extract

2% peptone

BMGY medium

BMMY medium

LB agar

YPDS medium 2% dextrose
1 M sorbitol
YPDS agar YPDS medium

1.5% agar-agar

3.1.5 Specific antibodies and secondary conjugates

Table 4: Antibodies and secondary conjugates.

Antibody/Secondary conjugate Clone Company

Mouse anti-human IgE F¢HRP B3102E8 SouthernBiotech via Biozol, Eching,
Germany

Mouse anti-(His)e-tag 13/45/31 DIANOVA GmbH, Hamburg, Germany

Dr. Wolf-Meinhard Becker,

Mouse anti-Ara h 1 (PN4) unknown Forschungszentrum Borstel, Germany
Goat anti-mouse IgG (@hain . . N

specific)-HRP polyclonal Sigma-Aldrich, Steinheim, Germany
Streptavidin-HRP not applicable SouthernBiotech via Biozol, Eching,

Germany
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3.1.6 Patient sera

In the peanut, pea and soybean project 35, 19 and 21 children were included (Tablel4, 24 and
32), respectively. Inclusion was based on a peanut-, pea- and soybeaspecific IgE level
*0.35 kUA/L, respectively. According to oral food challenge or convincing history, patients were
either allergic to the respective legume or clinically tolerant. Patient serum samples were
collected at the Charité Universitatmedizin Berlin and local ethics committees authorized
donations. In this PhD thesis the following serum overlaps between the three legune projects
were: peanut patient 30 corresponded to soybean patient 13, peanut patient 12 equaled
soybean patient 9, and pea patient 8 equaled soybean patient 1. Detailed infornation on patient

characteristics are given in Table 14 24 and 32. In immunoblot analyses, serum from a non-
allergic subject (N) served as negative control and was used for calculating tle respective limit
of detection (LOD). For standard curve generation for densitometric quantifications of specific
IgE levels in immunoblot analyses, serum RS14239 (103.61 kW/L sIgE to Ara h 1), serum
RS14231 (54.1 kUA/L sIgE to Ara h 2) or serum PEI163 (27.32 kUA/L slgE to Gly m 5) were
used. In addition, in the pea project serum PEI131 (22.1 kUA/L sIgE to peach extract
(ImmunoCAP™ {95) and 23.7 kU A/L sIgE to natural Pru p 3 (nPru p 3) (ImmunoCAP ™ {420))

was used in immunoblot analysis for the detection of Pis s 3 in pea extract.In multipeptide

microarray analysis, different combinations of negative controls were used. Table5 shows the
respective negative controls used in the individual microarray experiments Serum N and
PEI177 were from the internal serum collection of the Paul-Ehrlich-Institut, and DLab sera were
bought from DLab Diagnose GmbH (Hamburg, Germany). These non-allergic subjects stweed
no sensitization to the respective investigated legume allergen. Sera A-J were provided byhe
Charité Berlin. Sera A-E were from atopic subjects (fx5 [egg white, milk, fish, wheat, peanut,
soybean] negative; SX1 [Dermatophagoides pteronyssinugat dander, dog dander, timothy
grass, cultivated rye, Cladosporium herbarum common silver birch, mugwort] positive) and

sera F-J from non-atopic subjects (fx5 negative; SX1 negative). PEI163, an in-hose positive
control serum, was additionally used in all immunoblot and microarray analyses. The measured
sIgE levels (ImmunoCAPM) of PEI163 were (amongst others): > 100 kU /L sIgE to peanut
extract, 38.5 kU,/L sIgE to soybean extract and 16.73 kU/L sIgE to pea extract.

Table 5: Multipeptide microarray experiments and used controls.

Proteins written with forward slash were analyzed on the same array.

Microarray experiment Negative controls

Arah1 Serum N, DLab71S1

Ara h 2.01/Ara h 2.02 Serum N, DLab71S1, DLab72S1
Piss 1 Serum A-J
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PA1/PA2 Serum N, PEI177
Gly m 5.03 Serum N
Glym 8 Serum N

3.1.7 Plasmids

For the expression of recombinant proteins in Pichia pastoris the yeast expression vector

pPICZ=A (Invitrogen/Thermo Fisher Scientific) was used. pPICZ=A contains the Zeocin™

resistance gene allowing the selection of transformants. For the expression ofPis s 1 in

Escherichia colithe E. coli expression vector pET-11a (Novagen, Darmstadt, Germany) was

used. This vector carries the gene for ampicillin resistance. Vector maps and mulple cloning

sites are shown in the appendix (Figure Al and Figure A3.

3.1.8 Primer

Table 6: Oligonucleotides used for colony PCR and DNA sequencing.

Primer

Sequence

" 0 9forward)

5-GACTGGTTCCAATTGACAAGE-

"0 qreverse)

5-GCAAATGGCATTCTGACATCE-

Pis s 1 mid (forward)

AMGATCTGCGTGTTCTGGATCTGA

T7 promoter (forward)

5-TAATACGACTCACTATAGGG-

T7 terminator (reverse)

-GCTAGTTATTGCTCAGCGGA

3.1.9 Pichia pastoris and Escherichia colistrains

Table 7: Pichia pastoris and Escherichia coli cloning and expression strains.

Phenotype ( Pichia

Scientific

Strain Compan Genotype )
I pany yp pastoris only)
Invitrogen/Thermo Fisher . .
X-33 Scientific Wild-type Mut
SMD1168H Invitrogen/Thermo Fisher pepd Mut* His*

One Shof BL21
(DE3)

Invitrogen/Thermo Fisher
Scientific

FeompT hsdS (remg) gal dcm(DE3)

Clontech Laboratories, Inc

F-, endAl, supE44, thi-1, recAl, relAl, gyrA96,

4UFMMBSIT L " | phoA, 080d lacZz M15, (lacZYA-argF) U169,
Mountain View, CA, USA (mrr-hsdRMS-mcrBC), mcrA, 1o
One Shof Invitrogen/Thermo Fisher F mcrA - (mrr-hsARMS-mcrBC) T80lacz M15
TOP10 Scientific lacX74 recAl araD139 (ara-leu)7697 galU galk
rpsL (StrR) endAl nupG
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3.2 Methods
3.2.1 Cloning of DNA fragments into expression vectors

3.2.1.1 Restriction

For cloning of cDNA into pPICZrA or pET-11a, both expression vectors had to be linearized

first. P. pastorisexpression vector pPICZA was linearized using FastDigest EcoRI restriction

enzyme (Thermo Fisher Scientific) according to the manufactvSFS T JOTUSVDUJPOT 'P
linearization, the incubation time was extended to 1 h. For linearization of E. coliexpression

vector pET-11a, 1.5 pl FastDigest restriction enzyme Ndel (Thermo Fisher Scientific) was used

per 1 pg plasmid DNA. The incubation time was 7 h at 37°C.

3.2.1.2 Agarose gel electrophoresis

Linearization of expression vectors and colony PCR reactions (described in 3.2.2.4) were
analyzed on 1.5% agarose-gels in TAE buffer. DNA samples were loaded with 6x OrarggDNA
Loading Dye (Thermo Fisher Scientific) and separated together with GeneRule™ 1 kb Plus
DNA Ladder (ready+to-use; Thermo Fisher Scientific) for 10-20 minutes at 210-275 V. After

electrophoresis, gels were stained using ethidium bromide for 30 minutes.

3.2.1.3 Purification of linearized vectors

Linearized vector DNA was subsequently purified using QIAquicR PCR purification KIT

(QlAgen® 51F QSPDFEVSF XBT BDDPSEJOH UP UIF NBOVGBDUVSF
DNA, 30 pl H,O was used. After purification, the DNA concentration was determined

photometrically.

3.2.1.4 Cloning of DNA fragments into linearized pPICZ rA or pET411a

The codon optimized cDNA sequences encoding the investigated proteins without signal pejde
were purchased from Geneart (Geneart Strings DNA Fragments, Thermo Fisher Scientific) and
inserted into EcoRlI-linearized purified pPICZ rA or Ndel-linearized purified pET-11a. The cDNA
sequences of all proteins listed in Table 8A were cloned into pPICZA and the sequence of
rPiss 1 was additionally cloned into pET-11a (Table 8B). Cloning into EcoRI restiction site of
pPICZrA resulted in two additional amino acid residues (Glu-Phe) at the N-terminus of each
protein. Whereas cloning into ATG cloning site Ndel in pET-11a resulted in an additional Met
at the N-terminus of rPis s 1. In addition, in order to prevent N-glycosylation in Pichia pastoris
potential  N-glycosylation sites were predicted using NetNGlyc 1.0 Server

(http://iwww.cbs.dtu.dk/services/NetNGlyc/) and substituted by an aspartic acid (D). Potential
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N-glycosylation sites were found in Ara h 1, Pis s 1, PA2, Gly m 5.03 and Glym 8. Further
modifications of the recombinant proteins were linker and Hise-tag attached to the C-terminus
of each protein expressed inP. pastoris(see e.g. Figure A3 in the appendix and Table 8A and
thrombin cleavage site, linker, and Hiss-tag attached to the C-terminus of rPis s 1 expressed in
E. coli(Figure A7 in the appendix and Table 8B). Modifications and accession numbers of tle
proteins are summarized in Table 8. In addition, Table 8 shows in the first column in
parentheses the specific IUIS database nomenclature of the investigated allergen or a® the
case of PAl and PA2, the specific UniProt protein name. For simplification, abbreiated protein
names (Table 8, bold) will be used in this thesis.

Sequences of DNA fragments used for cloning into pPICZA or pET-11a and derived amino acid

sequences are listed in the appendix, in Figure A3-Al11.

Table 8: Accession numbers and modifications of recombinant proteins.

A
Recombinant protein ificati i
(Za?;f;i ::‘Eec;r UniProt accession number recl\(;l::](:;ifrl]caa:lo;ztlgins
rAf?Af;alh i'gq% 5413 P43238-1 N496D, linker*, His ¢-tag
(/:g ?] *‘2.20-?31) Q6PSU2-2 variant G40E E130D Linker*, His s-tag
(/{faf ?] g%ggl) Q6PSU2-1 Linker*, His ¢-tag
(Pisfpsislfoiol) Q702P1-1 N345D, linker*, His s-tag
(Pfi'i*lB ) P62927-1 Linker*, His ¢-tag
(LPAAzi ) P08688-1 N56D, linker*, His ¢-tag
(C;(;'fn”; %3?32) P25974-1 variant V28G N328D, linker*, His s-tag
(GI;/Grrl1y8n.]0?01) P19594-1 N99D, linker*, His ¢-tag
B

Recombinant protein
(specific IUIS or
UniProt name)

UniProt accession number

Modifications in
recombinant proteins

rPiss 1
(Pis s 1.0101)

Q702P1-1

Thrombin cleavage site, linker*,
Hise-tag

(A) Recombinant proteins aimed to be expressed inP. pastoris (B) rPis s 1 expressed inE. coli Amino acid

substitutions of variants and substitutions due to prevention of N-glycosylation refer to the UniProt protein sequence

without signal peptide; “linker: VD; #linker: SSG.
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Cloning into expression vectors was done using the In-Fusiofi HD EcoDry™ Cloning Kit
(Clontech Laboratories, Inc., Mountain View, CA, USA). For In-Fusion Cloning, the cINA
sequences of the recombinant proteins contained at each end additional basesomologous to
the ends of the linearized vector in which the cDNA should be cloned (see appendix Figue A3-
A1l1l). In-Fusion® $SMPOJOH XBT EPOF BDDPSEJOH UP UIF NBOV@GBDUVSF
of purified linearized vector was mixed with 100 ng of the DNA fragment and incubated
BDDPSEJOH UP UIF NBOVGB ba& Wr&BfSrniatidnOof $@hab"U def) 30
competent cells and 3 pl of the In-Fusiorf reaction mixture was used. Transformation reactions

were spread on LB agar-plates containing either zeocin (75 pg/ml) or ampicillin (50 p g/ml).

3.2.1.5 Plasmid isolation and quantification of DNA

Plasmid DNA was isolated from 5 ml E. coliovernight cultures (37°C, 210 rpm) in LB medium

with 75 pg/ml zeocin or 50 pg/ml ampicillin. Isolation was done using the QIAprep® Spin

Miniprep Kit (QIAGEN GmbH, Hilden, Germany) accordingto UIF NBOVGBDUVSFS T JOT
For elution of DNA, 40 pl H,O was used.

Afterwards, DNA concentration was determined by measuring the absorbance at wavelength

260 nm and 280 nm using NanoPhotometef®.

3.2.1.6 Sequencing

Successful cloning of DNA fragments into pPICZA or pET-11la was confirmed by Sanger
sequencing (Eurofins Genomics GmbH, Ebersberg, Germany). For sequencing of pPICE
constructs, QSJNFS "09 XJUI PS XJUIPVU QSJIJNFS8laPl98 IXva3 VTFE

sequenced and confirmed using primers T7, T7 term and Pis s 1 mid.

3.2.1.7 Transformation of plasmid DNA into E. coli

For amplification, plasmid DNA was transformed into One Shot® TOP10 chemically competent
cells BDDPSEJOH UP UIF NBOVGBDHevhs FiSher Stienfitic SDobuthém @art
Number C4040). For transformation, 10 pl cells were incubated with 0,5 pl plasmid DNA for
30 min on ice. After a heat shock at 42°C for 30 sec, cells were incubated on icdor 2 min.

250 pl SOC medium were added and cells were shaked at 37°C for 1 h at 500 rpm. Afterwards
the transformation mix was plated on LB agar-plates containing either zeocin (75 pg/ml) or

ampicillin (50 pg/ml). Of grown colonies plasmid DNA was isolated as described in chapter
3.2.15.
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3.2.2 Expression of recombinant proteins using Pichia pastoris

3.2.2.1 Linearization and purification of pPICZ rA constructs

For integration into the Pichiagenome, pPICZrA plasmids containing the genes of interest had
to be linearized. Linearization was done using the restriction enzyme Sacl (FastDigestThermo

Fisher Scientific). As the sequence of both Ara h 2 isoforms contained the Sacl restriction &,

the restriction enzyme BstXI (FastDigest; Thermo Fisher Scientific) was used for linearizatn.

10 pg of each plasmid was linearized using up to 10 pl restriction enzyme and an incubation

time of 4 h at 37°C. Successful linearization was confirmed by agarose deelectrophoresis (see
chapter 3.2.1.2). Restriction enzymes Sacl and BstX| were inactivated by heating for 5 minat

65°C and 80°C, respectively. Prior to transformation ofPichia pastoris linearized plasmids were

purified using QIAquick® PCR purification KIT as described in chapter 3.2.1.3.

3.2.2.2 Preparation of electrocompetent P. pastoris X-33 cells

Competent cells were prepared according to the instructions in the & BT Z 4 F MPieBiaJ 1
Expression Kit manual (Cat. no. K1740-01). Pichia pastorisX-33 cells were grown overnight in
5 ml YPD at 30°C and 200 rpm. 500 pl of this overnight culture was used toinoculate 500 ml
fresh YPD medium in a 2 L flask. Culture was shaken overnight until an ORqo of 1.3-1.5 was
reached. Cells were harvested by centrifugation at 1,500 x g for 5 min at 4°C.Afterwards, cell
pellet was resuspended with 500 ml ice-cold sterile H,O. Cells were again harvested by
centrifugation as described above and pellet resuspended with 250 ml ice-cold sterile HO. After
a third centrifugation step, pellet was resuspended with 20 ml ice-cold 1 M sorbitol. This step
was followed by a centrifugation step and a resuspendation step with 1ml ice-cold 1 M sorbitol
and by three wash steps composed of centrifugation and resuspendation wh 500 pl ice-cold
1 M sorbitol. Finally, cells were harvested and the cell pellet was resuspended in ice-clal 1 M

sorbitol to a final volume of ~1.5 ml. Cells were kept on ice before electroporat ion.

3.2.2.3 Transformation

80 pl of competent X-33 cells were mixed with 5 pg of the linearized purified pPICZ A
constructs in an ice-cold electroporation cuvette (0.2 cm gap width) and incubated on ice for
5 min. Cells were pulsed at 1.5 kV, 25 pF and 2003, Immediately afterwards, 1 ml ice cold 1 M
sorbitol was added and the contents were transferred to a 15 ml sterile tube. After 1-2 h
incubation at 30°C different volumes were spread on YPDS plates containing 100 pg/ml

Zeocin™. Until colonies grew, plates were incubated at 30°C.
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3.2.2.4 Colony PCR

To confirm a successful integration of the construct/gene of interest into the Pichia pastoris
HFOPNF B 1%$3 BOBMZTJT XBT QFSGPSNFE 6TJOH $30BJBNCFHT "
additional information about the Mut phenotype. Analyzing Mut * or Mut® integrants resulted

in two or one PCR product, respectively. One PCR product corresponds to the genef interest

and if present, the second to the AOX1 gene.

For PCR analysis, a single colony was picked and transferred to a 0.5 trsterile tube. The DNA

was released by a heating step for 1.5 min at 600 watt in the microwave and was afterwards

resuspended in 20 ul sterile HO. The reaction setup is listed in Table 9.

Table 9: Reaction setup colony PCR.

Component Amount

10X ThermoPol buffer (New England Biolabs) 1.8 pl

100 mM dNTPs (25 mM each) 0.26 ul

"09 1S JNF $mol/ul) 0.54 ul

"09 1SIJNFS QNPM UM 0.54 pl

Taqg Polymerase 5,000 units/ml (New England Biolabs) 0.18 ul
Pichia pastorissolution 2l

Sterile water to 18 ul

After pipetting the PCR sample, PCR was performed according to the conditiondisted in
Table 10. Afterwards, PCR products were analyzed on a 1.5% agarose gel as described in

chapter 3.2.1.2.

Table 10: PCR conditions.

Temperature Time Cycles
95°C 5 min 1 cycle
95°C 30 sec
50°C 45 sec 30 cycles
68°C 1 min/kb
68°C 5 min 1 cycle

3.2.2.5 Expression
All recombinant proteins were expressed using Mut Pichia recombinant clones, except rPA2,

which was expressed using a Mut recombinant clone. As the screening of Pichia clones by
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colony PCR revealed that only clones of he MutS phenotype contained the gene of interest, i.e.
PA2.

1SPUFJO FYQSFTTJPO XBT QFSGPSNFE BDDPSEJOH UP UIF NBOVG
& B T Z 4 F MPEa Hxpression Kit manual with minor modifications. Briefly, a small-scale
expression was used to determine optimal conditions for protein expression. Afterwards
expression was scaled up using up to 3 L of culture volume.

For the expression using Mut Pichia recombinant clones the following protocol was used. A
single colony was grown in 5 ml of BMGY medium overnight at 30°C and 210 rpm. The
following day, this overnight culture was used to inoculate 650 ml of BM GY mediumina 5L
baffled flask. Culture was grown at 30°C and 210 rpm until it reached an ODsggo Of 2-6. Cells
were harvested by centrifugation at 1,500 x g for 5 min at room temperature. For inducing
protein expression, the cell pellet was resuspended to an Oy of 1 in 3L BMMY medium.
750 ml aliquots were transferred to 5 L baffled flasks and incubated at 30°C at 210 rpmfor 4 to
8 days. Incubation time was dependent on the respective recombinant protein. To maintain
induction, 100% methanol was added to a final concentration of 0.5% every day. Fnally,
expression was terminated by centrifuging the culture twice at 4,000 x g for 15 min at room
temperature. Supernatant was filtered (0.2 um, asymmetrical polyethersulfone, Thermo Fisher
Scientific) and stored until use at 4°C.

For the expression of rPA2 usinga MutS Pichia recombinant clone the following protocol was
used. A single colony was grown in 10 ml of BMGY medium at 30°C until an ODRgo of 2-6 was
reached. Afterwards, this culture was used to inoculate 1 L of BMGY medium. The culturewas
grown until again an ODegg Of 2-6 was reached. Cells were harvested by centrifugation as
described above. For induction, the cell pellet was resuspended in 200 ml BMMY meuim.
Culture was incubated at 30°C and 210 rpm for 8 days. Maintenance of induction and
termination of expression was carried out as described for Mut" recombinant clones
Supernatant was filtered and stored until use at 4°C.

Of note, a recombinant X-33 clone carrying pPICZrA without insert/gene of interest was

additionally used in every expression experiment as control for background proteinexpression.

3.2.2.6 Optimization strategies

Several optimization strategies were applied within this thesis. In the case of rAra h2.01 and
rAra h 2.02 proteolysis was decreased by the daily addition of ~10 ml 7x protease inhibitor
stock solution (cOmplete Tablets, Mini, EDTA-free, Roche Diagnostics GmbH, Manheim,
Germany) to the 3 L culture supernatant. This optimization strategy was also appliedfor rPiss1,

however as the extent of the degradation was higher 1.5 ml 7x protease inhibitor stock sdution
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was added per 100 ml culture supernatant. In addition, proteolysis of rPis s1 was tried to
reduce by the daily addition of PMSF and EDTA each to a final concentration 6 1 mM and by
the use of a Pichia pastorisSMD1168H strain lacking protease A activity. The protocol for
transformation and expression was identical to the protocol described abowe for Pichia pastoris
X-33 strain. Expression of rAra h 1 was checked using multiple recombinantPichia pastoris
clones. Furthermore, culture supernatant was concentrated using Vivaspin 20 centrifigal

concentrator (Merck) to check for a potential low expression level.

3.2.3 Expression of recombinant Pis s 1 using £. co//iBL21 (DE3)

3.2.3.1 Transformation

50 pl chemically competent One Shof® BL21 (DE3) cells were mixed with 1 pl plasmid DNA
and incubated on ice for 30 min. The following steps equaled the protocol described inchapter
3.2.1.7.

3.2.3.2 Expression

A single colony of BL21 (DE3) transformants was grown over night in 100 ml LB medium
containing 50 pg/ml ampicillin. This overnight culture was used to inoculate 4 L of fresh LB
medium containing 50 pg/ml ampicillin to an OD e Of 0.1. The culture was grown at 37°C and
210 rpm and at an ODsggo Of ~0.6 protein expression was induced by the addition of IPTG to a
final concentration of 1 mM. Induction was carried out for 3 h at 37°C and 210 rpm. Af terwards
cells were harvested by centrifugation at 7,000 x g for 10 min at 4°C. Resuling cell pellet was

washed twice with cold (4°C) sterile H,O and stored at -20°C until use.

3.2.3.3 Protein extraction using BugBuster ™ Protein Extraction Reagent

To examine whether rPis s 1 was expressed in the soluble fraction or in inclugin bodies, cell
culture samples were analyzed using the BugBusté™ Protein Extraction Reagent (Merck).
Therefore, 2 ml E.coli culture from chapter 3.2.3.2 was centrifuged (16,000 x g, 10 min and
4°C) to obtain the cell pellet. Cell pellet was resuspended in 300 ul BugBuster ragent.
Afterwards, 0.5 pl Benzonasé Nuclease (250 U/ul, Merck) and 43 pl 7x protease inhibitor stock
solution (cOmplete Tablets, Mini, EDTA-free) were added and the suspension was incuated
for 20 min at room temperature on an orbital shaker. The following steps were done according
UP UIF NBOYVGBDU VIgsersProtoQoS BB BE&/M- 1108 Samples were analyzed by
SDS-PAGE as described in chapter 3.2.8.2.
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3.2.4 Purification of recombinant proteins

3.2.4.1 Protein extraction using cell disruptor

Compared to the recombinant proteins secreted intoP. pastoriscell culture supernatant, rPis s1
was purified from E. coliinclusion bodies. Therefore, prior to purification, rPis s 1 had to be
extracted from the cell. Cells were lysed using a cell disruptor and a pressure of 1900 bar. For
this, the frozen cell pellet was thawed on ice and resuspended in 15 ml 20 mM sodium
phosphate (pH 7.6) including one protease inhibitor cocktail tablet (cOmplete Tablets, Mini,
EDTA-free) and a spatula tip of lysozyme (from chicken egg white, 100,000 U/mg, Sigma-
Aldrich). The suspension was stirred for 20 min at room temperature, a spatula tip of DNAse |
(3230.7 U/mg, AppliChem) was added and stirring was continued for further 20 min.
Afterwards, cells were lysed using a cell disruptor with a pressure of 1,900 bar. e resulting
lysate was centrifuged at 12,000 x g at 4°C for 20 min. Pellet was rasuspended in 15 ml
denaturing buffer and stirred for 3 h at room temperature. The lysate was sterile filtered

(0.22 pm, polyethersulfone, Carl Roth) and used for further purification.

3.2.4.2 IMAC of recombinant proteins expressed in P. pastoris

Filtered P. pastorisculture supernatants from chapter 3.2.2.5 were incubated overnight each
with 5 ml Ni-beads (Ni-NTA Superflow, Qiagen, Hilden, Germany) equilibrated in washing
buffer. Beads were pelleted by centrifugation (1,000 x g, 1 min, 4°C) and transferred to a Bioline
HR glass column (Knauer) which was afterwards connected to the HPLC system.

The purification procedure was composed of a washing step using washing buffer ta flow rate
of 0.5 ml/min (2-5 column volumes). Afterwards, bound target protein was eluted u sing elution
buffer 1 at a flow rate of 0.5 ml/min. Elution fractions were analyzed on SDS-PAGE as described
in chapter 3.2.8.2. Fractions containing target protein were either pooled and dialyzed against
dialysis buffer 1 or further purified by size exclusion chromatography. For dialysis and all

following dialysis, D-Tube™ Dialyzers (MWCO 3.5 kDa, Merck) were used.

3.2.4.3 IMAC of recombinant Pis s 1 expressed in E. coliinclusion bodies

Lysate from chapter 3.2.4.1 was incubated overnight with 8 ml Ni-beads equilibrated in
denaturing buffer. After a washing step with denaturing buffer at a flow r ate of 0.5 ml/min and
15 column volumes, bound target protein was refolded by gradually lowering the urea
concentration from 8 M urea in denaturing buffer down to 0 M urea in renaturing buffer. The
linear gradient was performed at a flow rate of 0.2 ml/min and ~15 column volumes.
Afterwards, rPis s 1 was eluted using elution buffer 2. Elution fractions were analyzed bySDS-

PAGE. Fractions containing high amounts of rPis s 1 were pooled and dialyzed ajnst dialysis
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buffer 2. rPis s 1 was sterile filtered (0.22 um, polyethersulfone, Carl Roth), aliquots were snap-

frozen and stored at -80°C until use.

3.2.4.4 SEC of recombinant proteins

For size exclusion chromatography either single IMAC elution fractions containing target
protein or pooled IMAC elution fractions that were concentrated (Amicon® Ultra Centrifugal
filters, Merck) were used. Prior to injection into sample loop (1 ml), fractio ns were sterile
filtered using Spin-X® Centrifuge Tube Filters (0.22 um; cellulose acetate Sigma-Aldrich).

Size exclusion chromatography was performed using a prepacked BioFo#0/1200 SEC column
(Knauer) connected to the HPLC system. Recombinant proteins were purified usingdialysis
buffer 1 at a flow rate of 0.2 ml/min (2 column volumes). SEC fr actions were analyzed by SDS-
PAGE and fractions containing target protein were pooled and dialyzed against didysis buffer
1. After dialysis, rPA1 was once again filtered using Spin-X Centrifuge Tube Filters. Aliquots

of recombinant proteins were snap-frozen and stored at -80°C until use.

3.2.5 Total legume protein extraction

Dried mature pea seeds ofPisum sativum(cultivar Regina) and yellow soybeans of Glycine max
(Hensel Soja-Kost, W. Schoenenberger GmbH & Co. KG, Magstadt, Germanyjespectively,
were washed with dH»O and dried overnight. Peanut kernels of Arachis hypogaeaultivar Giant

USA were used for protein extraction. For total protein extraction, seeds and kernels were
ground to powder under liquid nitrogen. 2 g of soybean and pea flour, respectively, were

extracted in 20 ml PBS for 4 h at 4°C. For total peanut extraction, 4 g peanut flaur was extracted

in 20 ml PBS for 4 h at 4°C. After total protein extraction, extracts were centrifuged at 13,000 x g

for 30 min at 4°C. The protein containing supernatants were filtered (pore size 0.22 ym,

polyethersulfone, Carl Roth) and stored at -80°C until use.

3.2.6 Reduction and alkylation

Peanut extract, rAra h 1 and rAra h 2.02 were reduced and alkylated as described by Albrecht
and co-workers in 2009 (Albrecht et al. 2009) . Briefly, peanut extract (11 mg), rAra h1 (0.7 mg)

and rAra h 2.02 (0.5 mg), respectively, were denatured using 5.3 M urea and 0.13 M Tris-HCI.

Afterwards, samples were reduced with 28 mM dithiothreitol and alkylated using 55.5 M

iodacetamide. Obtained reduced and alkylated peanut extract and recombinant peanut proteins

were dialyzed overnight at 4°C against PBS and dialysis buffer 1, respectively.
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3.2.7 Peptide synthesis and spotting

3.2.7.1 Synthesis and preparation of overlapping Celluspot ™ peptides

Overlapping Celluspot™ peptides (length: 15 amino acids; offset: 4 amino acids) covering the
entire primary sequence of all legume proteins listed in Table 8 were synthesized and pocessed
as described earlier (Kihne et al. 2015). Peptides are derived from the mature naturdproteins,
i.e. without signal peptide and without the modifications of the recom binant proteins (N/D
substitutions, additional amino acids due to cloning, thrombin cleavage site, linker and Hise-
tag). Furthermore, peptides of mature Gly m 5.0301 (UniProt accession number P2974-1
variant F13L V28G F174L) were also synthesized. In addition to the in-house sgithesized
peptides of Ara h 2.0101 and Ara h 2.0201 containing a proline in the DPYSPS mofi the
respective peptides containing hydroxyproline residues were purchased from Intavis AG. @e
biotinylated control peptide (sequence by Intavis AG: Bio-A-A-N-W-S-H-P-GF-E-K-AA)
containing an N-terminal biotin (Biotin +99% (TLC), Sigma-Aldrich) was in-house synthesized
and also purchased from Intavis AG.

Peptide synthesis and processing were almost identical to the protocol published § Kihne and
co-workers (Kuhne et al. 2015) with only minor modifications. Briefly, peptide s were
synthesized on modified (Fmoc-protected) cellulose discs (CelluSpot discs, IntaviAG) as solid
support. The synthesis followed the Fmoc-protection chemistry meaning that all amino acids
were protected at their amino terminus by Fmoc. In addition, the amino acid side chains were
permanently protected during the synthesis by Pbf, Trt, OtBu, Boc or tBu. Anino acids used for
peptide synthesis were purchased from Intavis AG. The synthesis was a cyclic procedure of
deprotection using piperidine, washing, activation of amino acids using HOBt/DIC, coupling,
capping of un-reacted free amino groups using CapMixture and washing. After peptide
synthesis, side chain protection groups were removed using Side-chain cleavage solutiomMext,
cellulose discs with bound peptides were dissolved using cleavage solution. Dissolvedgptide-

cellulose conjugates were stored until use at -20°C.

3.2.7.2 Peptide spotting

Overlapping 15-mer peptides were spotted in quadruplicate onto coated microscope slides sing

a Slide Spotting Robot (Intavis AG) according to the manufacUV SFS T JrQ Tidesiy RE&) J P
and according to Kiihne et al. (Kiihne et al. 2015). For coating of microscope slides adhesive
foil (Lasertab® Markers, Brady Deutschland, Egelsbach, Germany) was used. Peptides
representing Ara h 1, Pis s 1 and Gly m 8 were spotted individually on separate aray slides.
Peptides representing Ara h 2.01 and Ara h 2.02 including peptides with hydroxyproline(s)

were spotted onto the same array slide, with peptides shared by both isoforms bimg spotted
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once for both isoforms. The same procedure was applied for peptides of Gly m 5.0301 and
Gly m 5.0302. Due to no significant sequence similarity between PAl and PA2, peptides
representing both pea proteins were spotted onto the same array. The biotinyated control
peptide was additionally spotted in different dilutions (1:20 and 1:80 in DMSOQO) on ever y array
and served both as a position marker to simplify the grid alignment during array analysis, and
as a quality marker to verify consistency of chemiluminescent detection. Inaddition, blank spots
composed of peptide buffer (DMSQO) without peptide were spotted as tednical replicates on
every array and served for the measurement of background signal. For Arah 1, Ard 2, Piss 1,
PA1/2, Gly m 5.03 and Gly m 8 arrays, 76, 266, 134, 210, 152 and 306 blank spots were spotted
in duplicate, respectively. Per spot 0.04 ul peptide, control peptide or blank was spotted.
Coomassie-staining of a randomly chosen subset of array slides confirmed successful dtiag

of all peptide spots.

3.2.8 Characterization of purified proteins , total protein extracts and a 27-mer Ara h 2.02

peptide
3.2.8.1 Measuring protein concentration
The concentration of recombinant proteins was determined either by measuring theabsorbance
at 280 nm using NanoPhotomete® or by using BCA™ Protein Assay Kit (Thermo Fisher
Scientific). Usage of BCAM 1SPUFJO "TTBZ ,JU PDDVSSFE BDDPSEJOH
JOTUSVDUJPOT 'PS OBOPQIPUPNFUSJD BOBMZTJTNRMFDMNDS
weights were computed using EXPASy ProtParam tool (http://web.expasy.org/protparam/).
For determining the protein concentration of protein extracts, Roti ®-Nanoquant (Carl Roth
(NC) XBT VTFE BDDPSEJOH UP UIF NBOVGBDUVSFS T JOTUSVDU

3.2.8.2 SDS-PAGE

Recombinant proteins and legume extracts were separated under reducing conditions using
discontinuous SDS-PAGE according to the principle described by Laemmli (Laemmli 1970 For
this, commercial NUPAGEM 4-12% Bis-Tris SDS-PAGE precast gels (Invitrogen/Thermo Fisher
Scientific) or self-prepared gels without polyacrylamide gradient (15% separating gel and 5%
stacking gel) were used. The composition of the separating and stacking gelssi shown in
Table 2. The respective reagents were pipetted and mixed in their listed order (see Table 2
Protein and extract samples were denatured in SDS-PAGE sample buffer (finatoncentration
1x) at 95°C for 5 min. Samples were loaded onto the gel and electrophoresiavas carried out at
a current of 25 mA in NUPAGE® MOPS SDS running buffer or in 1x SDS-PAGE running buffer.

For molecular weight determination, low-molecular weight marker (GE Healthcare, Freiburg,
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Germany) mixed with SDS-PAGE sample buffer or Spectrd! Multicolor Broad Range Protein

Ladder (Thermo Fisher Scientific) were additionally loaded onto the gel.

3.2.8.3 Native PAGE

Soybean extract was further analyzed using native non-denaturing PAGE. For this purpse, the

extract sample and low-molecular weight marker were each mixed with Native PAGE sample
buffer (final concentration 1x) and loaded directly onto the gel (15% separating ge |l and 5%

stacking gel). To prepare separating and stacking gel, the respective reagents listeth Table 2

were used in their listed order. Electrophoresis was carried out at a current of 25 mA in 1x

Native PAGE running buffer.

3.2.8.4 Coomassie staining

After electrophoresis, gels were washed in dHO for several minutes and subsequently stained
in Coomassie staining solution for 5 min. For destaining, gels were incubated in Coomasie
destaining solution until unbound Coomassie was fully removed and the background ofthe gel

reached clarity. After destaining, gels were washed in dHO and scanned for documentation.

3.2.8.5 Immunoblot

Recombinant proteins (1 pg/cm) and legume extracts (20 pg/cm) were loaded onto NuPAGEM
4-12% Bis-Tris SDS-PAGE precast gels and separated under reducing conditions as debed in
chapter 3.2.8.2. In addition, soybean extract (20 pg/cm) was separated under native non-
denaturing conditions as described in chapter 3.2.8.3.

In order to analyze rAra h 1 expression in Pichia pastoris an aliquot of cell culture supernatant
was loaded onto a gel without polyacrylamide gradient (15% separating gel and 5% stacking
gel) and separated as described above. As positive controls in this experiment2.5 pg/cm
rBetv 1 (containing a His-tag) and 15 pg/cm peanut extract were simultaneously analyzed in
separate lanes of the same gel.

After electrophoresis, samples were semi-dry blotted onto nitrocellulose membranes (0.2um,
GE Healthcare). Therefore, the membrane was equilibrated in anode buffer 2 for 30 min. For
protein transfer, 3 and 2 blotting papers (grade GB003, Whatman, Sigma-Aldrich) dipped into
anode buffer 1 and anode buffer 2, respectively, were laid on top of each otker on a semi-dry
blotter. On top of the blotting papers dipped in anode buffer 2, the equilibrated nitrocellulose
membrane and the gel dipped into anode buffer 2 were laid. Finally, 3 blotting papers
moistened with cathode buffer were laid on top. Blotting was carried out for 1 h at 0.8 mA/cm 2.

After blotting, proteins on nitrocellulose membranes were stained with Ponceau S. After
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scanning for documentation, membranes were cut into 2 mm strips and destained using TBS.

Strips were blocked with blocking buffer for 2 x 30 min (one exception: stripes of blotted cell

culture supernatant of Pichia pastoriswere blocked using TBS0.3% Tween for 2 h). After

blocking, strips were washed with washing buffer for 5 min and incubated over night with 10 pl

PG QBUJFOUT TFSB "T OFHBUJW RI&dGGUbRE IN) Was 8séd AGRN B OP
were 1:60 diluted in incubation buffer (10 pl serum + 590 ul incubation bu ffer) and sera from

peanut and soybean patients were, prior to incubation on blot strips, defatted by centrifugation

at 12,000 rpm at 4°C for 10 min (repeated twice). For the analysis of P. pastoriscell culture
supernatant, the primary antibodies mouse anti-(His)s-tag and mouse anti-Ara h 1 (PN-t) were

diluted 1:750 in TBS 0.05% Tween 0.1% BSA. The next day, strips were washed with washing

buffer for 5 x 5 min, followed by incubation of secondary antibody mouse anti-human Ige-HRP

(diluted 1:10,000 in incubation buffer) for 1 h. For the detection of b ound mouse antibodies
(anti-(His) s-tag and anti-Ara h 1), goat anti-mouse IgG-HRP diluted 1:20000 in TBS (0.05%

Tween, 0.1% BSA) was incubated on the strips for 1 h. After incubation of seconday antibody,

strips were washed 5 times with washing buffer for each 5 min. Bound IgE and bound IgG
antibodies were detected using LumiGLO Reserv®' Chemiluminescent Substrate Kit according

UP NBOVGBDUVSFS T JOTUSVDUJP O TChenilunriibesddrnieSwas & Hled% 64"

using Imager system Fusion FX (firmware version 1.0.12 Vilber Lourmat Deutschland GmbH).

3.2.8.6 IgE immunoblot inhibition analysis

For IgE immunoblot inhibition, pea extract was separated and blotted as desribed above.
1BUJFOUT TFSB XFSF QSFJODVCBUFE GPS | BJMH SPIRN DFNQE'S|
or nPru p 3 (in PBS) prior to overnight JODVCBUJPO PO CMPU TUSJQrawér® BEEJU
preincubated with the respective protein buffer without inhibitor (serum uninhibited). As

negative control, serum N preincubated with the respective protein buffer without inhi bitor was

used. Subsequent steps of the immunodetection were identical to chapter 3.2.8.5.

Using Fusion-Capt Advance FX7 16.02 Software (Vilber Lourmat Deutschland GmbH
densitometric quantification of the IgE inhibition by rPis s 1 was carried out. Background signal

intensity expressed as signal intensity of the non-allergic serum N was subtracted from each pea
QBUJFOU BOBMZ[FE PO UIF TBNF NFNCSBOF/ / QB B RBIURNGOU T

12-19) and subsequently percent inhibition was calculated using to the following equation:

4JHOBM JOUFOTJUZ PG_TFSVN JOIJCJUFE
4JHOBM JOUFOTJUZ PG %’FSVN VOJOIJCJIJUFE
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3.2.8.7 Densitometric quantification of sIgE levels

Specific IgE levels to recombinant proteins were densitometrically quantified using Fusion€apt
Advance FX7 16.02 Software (Vilber Lourmat Deutschland GmbH).

For the quantification of sIgE to rAra h 1, rAra h 2.01, rAra h 2.02 and rGly m 5.03 the
corresponding ImmunoCAPM values of selected sera were available for each calibration.
Calibration in the quantification of rAra h 1 sIgE levels was done against 1 @/cm rAra h 1 and
a 3 fold serial dilution (1:9 to 1:729) of serum RS14239 having 103.61 kU A/L sIgE to rAra h 1.
The quantification of rAra h 2.01 and rAra h 2.02 sIgE levels was performed using acalibration
done against 1 @/cm rAra h 2.02 and serum RS14231 (54.1 kUA/L SIgE to Ara h 2). For
calibration, serum RS14231 was used undiluted, diluted 1:2, 1:5, 1:20 and 1:50 in incubation
buffer. In the case of the quantification of rAra h 2.01 slgE, one further dilution ( 1:150) was
used for calibration. rGly m 5.03 slgE was quantified using undiluted PEI163 (27.32 KUa/L
Glym 5 sIgE) and 1 g/cm rGly m 5.03 for calibration. The limit of detection (LOD) and the
limit of quantification (LOQ) were calculated in these analyses by multiplying the sp ecific IgE
concentration (kU /L) of the non-allergic control serum N analyzed on the same immunoblot
membrane by two and four, respectively.

As for rPis s 1 such ImmunoCAP" values were not available due to the lack of commercially
available Pis s 1 CAPs, a different strategy for the quantification of rPis s 1 specific IgEvas
developed.

rPis s 1 sIgE was quantified after linear regression of sIgE level (kW/L) against densitometric
signal intensity (volume). Calibration of sIgE levels was based on the densibmetric volume
values of sera from pea patients 3, 11, and 14 (Figure 2A), assuming 32.10 kUa/L,
23.10 kUA/L, and 6.5 kU 4/L rPis s 1 sIgE, because rPis s 1 fully inhibited 32.10 kU/L (96.55%
inhibition), 23.10 kU A/L (98.17% inhibition), and 6.5 kU /L (99.93% inhibition) pea total
protein specific IgE in immunoblot inhibition (Figure 22, Table 26). Accordingly, sIgE to pea
total protein was merely constituted by rPis s 1 sIgE in these sera and is therefre identical to
it. Finally, rPis s 1 sIgE of sera from all pea patients was calculated fromthe individual
densitometric volume value using the following linear regression equation: y(slgE)= 7E-
07x(volume) + 3.8242; R 2=0.9976). In this analysis, the LOD and the LOQ were defined as
two times and four times respectively the volume value of the non-allergic control serum N
resolved for rPis s 1 siIgE.

Table 11 summarizes the respective allergens with the corresponding patient sera that were

analyzed on the same membrane as non-allergic control serum N1 or N2.
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Table 11: Control sera used for calculating limit of detection in immunoblot analyses.

Allergen Control serum Patients
rArah 1 Serum N1 Peanut patients 2434
rArah 1 Serum N2 Peanut patients 1-23 and 35
rAra h 2.01 Serum N1 Peanut patients 1-5 and 2435
rAra h 2.01 Serum N2 Peanut patients 623
rAra h 2.02 Serum N1 Peanut patients 1-5 and 2435
rAra h 2.02 Serum N2 Peanut patients 623
rGly m 5.03 Serum N Soybean patients 121
rPiss 1 Serum N1 Pea patients 1-7
rPiss1 Serum N2 Pea patients 8419

3.2.8.8 Measurement of Ara h 2.01 sIgE levels using ImmunoCAP™

Using Phadia 100 instrument from Thermo Fisher Scientific sIgE levels to rAra h 2.01
(ImmunoCAP™ component f423) of the peanut study population were additionally quantified.
Calibration was done in a range from 0.001 to 100 kU4/L with intermediate steps at 0.35 kU A/L,
0.70 kUA/L, 3.5 kU 4/L and 17.5 kU 4/L. Handling of Phadia 100 instrument and measurement
of rAra h 2.01 slIgE levels were done by Elke Haberkorn (Paul-Ehrlich-Institut).

3.2.8.9 Mediator release assay

The biological activity of legume extracts, recombinant proteins and two 27-mer synthetic
peptides of Ara h 2.02 was assessed using a mediator release assay that iaged on immortal
rat basophilic leukemia cells that can be passively sensitized with human IgE. Two 27-mer
peptides (D-P-Y-S-P-S-Q-D-P-Y-S-P-S-Q-D-P-D-R-R-D-P-¥$HRY), one having hydroxylated
proline residues instead of proline residues (underlined positions) were purchased from PT
Peptide Technologies GmbH (Berlin, Germany). Both 27-mer peptides were ordered witha
purity of > 90%. Quality and identity of both purchased peptides was confirmed by HPLC and
MS analysis according to the commercial provider.

The mediator release assay followed the protocol published by Vogett al. (Vogel et al. 2005).
Briefly, rat basophilic leukemia (RBL-2H3) cells expressing the =chain of the high-affinity IgE
receptor (Fc BRI) were sensitized overnight with different serum pools that were diluted 1:10 in
RBL medium. In the peanut project, the following serum pools were generated for mediator
release assay: serum pool 1 (peanut patients 3 and 17), serum pool 2 (patiats 6-8, 10, 12, 15,
18 and 21-23) and serum pool 3 (peanut patients 2, 4, 5, 13 and 19). Sera for serum pools were
selected according to the results of immunoblot and multi-peptide microarray analyses.

As serum agglutination was observed during mediator release pretesting, peanut serum pools

were pretreated with thrombin (Sigma-Aldrich; 250 U). Therefore, each peanut serum pool was

Materials and Methods 53



incubated with a final concentration of 1 U/ml thrombin (dissolved in 1M CacCl ;). After 1 h at
room temperature, samples were centrifuged (4°C; 16,000 x g, 20 min) and supernatantswere
used for overnight sensitization of RBL-2H3 cells.

In addition, in the pea project one serum pool composed of pea patients 1,3, 4, 8 and 11 was
generated (here: no thrombin addition was necessary). After overnight sensitizaion, RBL-2H3
cells were washed and afterwards stimulated for degranulation with different amount s of either
legume extract, recombinant proteins or 27-mer peptides. As negative control in the pea project,
cells were additionally stimulated with BSA. In the peanut project, no BSA was used asiegative
control in mediator release assay due to an observed serum IgE binding of penut-allergic
patients (pool 2) to BSA in immunoblot analysis (details not shown). Therefore, serum N served
as negative control in peanut mediator release assay meaning that RBL-2H3 cells were
additionally sensitized with serum N (1:20) and afterwards stimulated with all tested
molecules.

Total mediator release was determined by cell lysis using 1% Triton X-100 (Sigma-Aldrich)and
spontaneous release by incubating sensitized cells in buffer without allergen. Relased -
hexosaminidase induced by either legume extracts, recombinant proteins or peptides wa
measured photometrically. Specific mediator release was expressed as percent abtal mediator

release after subtracting spontaneous release.

3.2.8.10 Circular dichroism spectroscopy

CD spectra of recombinant proteins and 27-mer peptides were recorded using a O
spectropolarimeter. Proteins and peptides were measured at 20°C in dialysis bifler 1
(exception: rPis s 1 measured in 20 mM sodium phosphate, 100 mM NaCl and.2 mM EDTA
pH 7.6) in a quartz cuvette with a path length of 0.1 cm. Measurement settings were:
band width 1 nm, step width 1 nm, scanning speed 50 nm/min, accumulation 10 (exceptio n:
rPA2: accumulation 5). Recombinant proteins and 27-mer peptides were measured at 2 ¢
11 uyM and the respective buffer spectrum was subtracted. For calculating the nean molar

ellipticity per residue, the following published equation was used (Pokoj et al. 2010):

<Ezs >

v E<NFBTVSFE FMMJQUJDJUZ JO NEFH>
/| <OVNCFS PG BNJOP BDJE SFTJEVFT> Y D <QSPUFJO DPODFOUSBUJP(

54 Materials and Methods



3.2.8.11 Dynamic light scattering (DLS)

Hydrodynamic radii of recombinant proteins were determined by DLS. Proteins were measured
in UV cuvettes (10 mm; Carl Roth) in a Zetasizer instrument (software v6.12) in the same

buffers used for CD spectroscopy. The individual protein concentrations ranged from 3uM to

42 uM. Measurements were done at 25°C and were done in triplicate for each protein.

3.2.8.12 Mass spectrometry analysis

Natural proteins from crude legume extracts and recombinant proteins were separatedusing
SDS-PAGE, stained with Coomassie and afterwards analyzed with liquid chromatographmass
spectrometry (LCMSF). Mass spectrometry (MS) analyses were performed by Anna Engin, Luisa
Schwaben, Dr. Jelena Spiric and Dr. Andreas Reuter at the Proteomics Core Facilityf the Paul-
Ehrlich-Institut and have not been part of my own experimental work. Nevertheless, the
experimental methods are presented here for understanding and to allow the reader toassess
the validity of the results and of the conclusions drawn. This follows a concept previously
applied in the PhD thesis of Dr. Felix Husslik (PhD thesis 2016, Department of Cheristry,
Technische Universitat Darmstadt). In addition, all parameters used specifically fa this study

are given in detail. This applies especially to devices, databases and amino acid sequees.

i h-gel digestion:

The protein spots were excised and destained three times for 15 min in destaining solution.
Reduction and alkylation of cysteine residues was carried for 15 minutes at 200 rpm
(thermomixer, Eppendorf) with reduction and alkylation solution, respectively. The gel plugs
were dehydrated with 100% acetonitrile, vacuum dried (Savant Speed Va®, Thermo Fisher
Scientific) and were rehydrated in 25 mM NH4HCOs containing 75 ng/ U of trypsin (trypsin

from porcine pancreas, Sigma-Aldrich). After initial digestion for 3 h at 37°C, elution buffer was
added and further digestion was allowed over night at 37°C in a thermal cycler (Bibby Scientific,
Staffordshire, UK). The digestion was stopped by adding of 5% formic acid toa volume of 10%

of the total digestion mixture. The samples were stored at -80°C until further MS analyses.

LC-MS analyses:

Trypsin digested proteins were analyzed using the nanoACQUITY UPLC online coupled with
nano ESI interface to a Q-TOF MS (Synapt, Waters, Manchester, UK). The solvent stem
consisted of solvent A (water with 0.1% (v/v) formic acid), and solvent B (ace tonitrile with

0.1% (v/v) formic acid). Peptides were initially trapped on-line at a flow rate of 5 UWmin using
the trap column (nanoACQUITY Trap C18, 5 Un particle size, 180 Wn x 20 mm). The peptide
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mixture was separated using a reverse-phase analytical column (nanoACQUITY C18, 1.7
particle size, 100 Wn x 100 mm; Waters) at a flow rate of 0.5 Wmin. The solvent composition
was at 97% A for 1 min, followed by a linear gradient to 60% A for 30 min, and continued with
95% B for 1 min. The column was subsequently equilibrated at 97% A for 18 mn. Glu-1-
Fibrinopeptide at 1pmol/ WU, delivered from the auxiliary pump of the nanoACQUITY® UPLC at
a 0.5 Wmin flow rate to the reference sprayer of the interface was measured every 20 sec to
serve as a lock mass during the entire sample run. The mass spectrometer was operatén data
independent MSF mode at a positive polarity and V mode (Silva et al., 2005; Silva etal., 2006).
Scan rate was set to 0.4 sec. The collision energy was at a constant value of ¥ during low-
energy scans and ramped from 15-30 V during high energy scans. Data were acquired from
50to 1,990 m/z.

Data processing and database search:

Raw data files were processed using ProteinLynx Global Server (PLGS) version 2.4 (WWers).
The processing parameters were set as follows: Retention time window, chromatographigeak
width and MS TOF resolution were set to automatic, lock mass for chage state +1 and for
charge state +2 were defined as 684.3469 Da and 785.8426 Da, respectively. Low energy
threshold was set to 250.0 counts, elevated energy threshold to 100.0 counts and intensity
threshold to 1,500 counts. The search parameters for protein identification were a maximum
of one missed cleavage site, a minimum of three fragment ion matches per pptide, a minimum
of seven fragment matches per protein and a minimum of one peptide matchper protein with
a set false positive rate of 4%. Carbamidomethylation of cysteine (C) was déned as a fixed
modification. Variable modifications were restricted to deamination of asparagine (N) and
HMVUBNJOF 2 BOE PYJEBUJPO PG NFUIJPOJOF . w

Compared to the cited procedure, two different instruments, Synapt G1 and Synapt G2si, were
used in this PhD project (Table 12). In addition, regarding LC-MS analysis, peptide mixures of
nPA1 and nPA2 were separated using a different analytical column (ACQUITY UPLGA-Class
Peptide HSS T3 Column 10K psi, 1.8 um particle size, 75 pm X 150 mm). Moreoverraw data
files were processed using ProteinLynx Global Server (PLGS) version 2.4 Synapt G1 dabr
PLGS 3.01 Synapt G2 data (Waters).

Finally, the identities of the proteins were confirmed using different UniProt-derived datab ases

amended with the amino acid sequences of the recombinant proteins as outlined inTable 12.

56 Husslik, Felix (2016). Analysis of the IgE epitope profile of the soybean allergen Gly m 4. Materials and Methods
PhD thesis, page 45-47, Technische Universitat Darmstadt. URN: http://nbn-
resolving.de/urn:nbn:de:tuda-tuprints-57360.



Table 12: Instruments, databases and sequences used for MS E analyses.

Added Amino acid sequence of

Protein Instrument Database : :
sequence” recombinant protein

UniProt restricted
rAra h 1* SynaptG1 | to reviewed entries - -
of all species
UniProt restricted
rAra h 2.01 Synapt G1 | to reviewed entries PEIO77
of all species
UniProt restricted
rAra h 2.02 Synapt G1 | to reviewed entries PEI129

of all species
natural proteins UniProt restricted
from peanut Synapt G1 | to reviewed entries - -
extract of all species
UniProt restricted
. to reviewed entries underlined sequence in
rPiss1 Synapt G1 of eucaryotic PEIL12 Figure A7 in the appendix
organisms
UniProt restricted
rPAl Synapt G1 | to reviewed entries PEIO81
of all species
UniProt restricted
rPA2 Synapt G1 | to reviewed entries PEIO80
of all species
UniProt restricted
nPA1l Synapt G2si | to reviewed entries - -
of all species
UniProt restricted
nPA2 Synapt G2si | to reviewed entries - -
of all species
UniProt restricted
rGly m 5.03 Synapt G1 | to reviewed entries PEIO78
of all species
UniProt restricted
rGly m 8 Synapt G1 | to reviewed entries PEIO75
of all species
natural proteins UniProt restricted
from soybean Synapt G1 | to reviewed entries - -
extract of all species
provided by Dr. Jonas Lidholm (Thermo Fisher Scientific); # UniProt database was amended with the amino acid

underlined sequence in
Figure A4 in the appendix

underlined sequence in
Figure A5 in the appendix

underlined sequence in
Figure A8 in the appendix

underlined sequence in
Figure A9 in the appendix

underlined sequence in
Figure A10 in the appendix

underlined sequence in
Figure A1l in the appendix

*

sequence of the recombinant protein.

3.2.8.13 Modeling of investigated proteins

For modeling of protein structures, SWISS-MODEL Workspace server available at
https://swissmodel.expasy.org/ was used. For this purpose, full-length mature natural protein
sequences were used. The protein structure of Ara h 1 was modelled using Ara h 1 pdBSMH
(sequence identity 99.8%) as template. The structures of Ara h 2.01 and Ara h 2.02 were
modelled using the structure of Ara h 6 (pdb 1W2Q) as template. Ara h 6 showed 66.1% and
64.4% sequence identity to Ara h 2.01 and Ara h 2.02, respectively. Using the structure othe
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-subunit of Gly m 5 (pdb 1UIJ) showing 59.4% sequence identity, the structure of Piss 1 was
modelled. After modeling, 3-D images were generated using PyMOL Molecular Graphics System
(Version 1.5.0.4 or Version 2.0.6 Schrddinger, LLC, New York, USA).

3.2.9 Peptide analysis

3.2.9.1 IgE immunodetection

IgE-binding peptides were detected following the protocol published by Kiihne et al. with some

modifications (Kiihne et al. 2015) . Briefly, slides were blocked with blocking buffer for 2 h and

afterwards incubated for 5 min in washing buffer. After drying the slides for at least 1 h at room

temperature, 45 pl of defatted patient serum or control serum were applied to the array slide

underneath a glass cover slip with spacer and incubated overnight. For defatting, serunsamples
were centrifuged twice at 12,000 rpm at 4°C for 10 min. The next day, the glass ®ver slip was
removed and slides were washed 5 times with washing buffer. Afterwards, the slides were
simultaneously incubated for 2 h with Streptavidin-HRP (SouthernBiotech, diluted 1: 300,000)

and mouse anti-human IgE-HRP in blocking buffer (diluted according to the investigated

allergen). Ara h 1 and Ara h 2 slides were incubated with mouse anti-human IggHRP diluted

1:25,000 and 1:50,000, respectively. For the Pis s 1 and PA1/PA2 microarrays mousenti-

human IgE-HRP was diluted 1:5,000. Gly m 5 and Gly m 8 slides were incubated with motse
anti-human IgE-HRP diluted 1:10,000. Next, slides were washed 4 times with washing buffer
and, after incubating the slides for 1 min with LumiGLO Reserve™ Chemiluminescent

Substrate, signals were recorded on X-ray films.

3.2.9.2 IgE inhibition immunoassay

For IgE inhibition experiments, serum pools were preincubated with the respective inhibitors
for 3.5-4 h at room temperature. Table 13 shows the investigated peptidemicroarray with the
generated serum pools and the used inhibitors. Sera were pooled based on comparabligE-
binding pattern to the investigated peptides according to microarray analysis. Asa reference,
the respective serum pool was incubated with the respective protein buffer without inhibitor
(dialysis buffer 1 or 2). Overnight incubation on array slides and all subsequent steps of the

immunodetection were done as described above.
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Table 13: Serum pools and inhibitors used for IgE inhibition microarray assay.

Peptide

. Serum pools Inhibitor
microarray

Pool 1: Peanut patients 10, 12, 18 and 21
Arah1 20.5pgrArah 1
Pool 2: Peanut patients 6, 15, 17 and 23

13.5 ug rAra h 2.02
or
Arah 2 Peanut patients 6-8, 10, 12, 15, 18 and21-23 | 9.5 ug native peanut extract
or
9.5 pg red/alk peanut extract

Pool 1: Pea patients 1, 4 and 8
Piss1 30pgrPiss1
Pool 2: Pea patients 3, 10, 11 and 13

3.2.9.3 Microarray data analysis

X-ray films were scanned at 600 dpi and saved as 16-bit grayscale TIF files. Usinddobe®
Photoshog® (Version 13.0.1 x64), each slide was cropped to the size of a microscope slide (196
X 615 pixel). Afterwards, grayscales were inverted using Image J 1.48v (Rasband, NIH,
Bethesda, MD, USA,; https://imagej.nih.goV/ij/) software and inverted images were again saved
as TIF files.

Subsequently, TIGR Spotfinder 3.2.1 was used as software tool for analging the signal intensity
of every spot on the array slide (Saeed et al. 2003) Here, in addition to IgE-bound peptides,
biotinylated control peptides were used as position markers for grid alignment. TIGR Spotfinder
program setting during spot analysis were: segmentation method circle, diameter 25,
background correction off. After analyzing all spot signal intensities on the array, data were
saved as mev-files and subsequently stored for further analysis as xlIsx-files.df all following
calculation steps, the median intensity value in channel A (MedA) was used for each spot. In
the next step, the signal intensity of every peptide was transformed into a Z-sore. Z-score
transformation was performed as described by Hanseret al. with slight modifications (Hansen
et al. 2016). Briefly, the median signal intensity (Si) of quadruplicate peptide signals was
calculated for every peptide. Exceptions were sera of peanut patients 19 and 25 on Areh 1
peptides and sera of pea patients 2, 8 and 10 on Pis s 1 peptides where only oneegment
(peanut patients 19 and 25: right segment; pea patients 2, 8 and 10: left segment) with
duplicate peptide spots could be analyzed for each patient serum. Next, the constat mean (m)
was calculated from all blank spots on the same array. The constant rean was obtained by a
step by step calculation of the mean of the blanks excluding blank signa intensities outside
mean * 2 standard deviation. Once the constant mean was obtained, the standard deviation

(s) was calculated of the blank spots representing the constant mean. Exceptin in the
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calculation of the constant mean of the blanks was peanut patient 21 on Ara h2 peptides, where
not all blanks (2 x 266 vs. 2 x 138 blanks) were used for the calculation due to too high signal
intensities of Ara h 2 peptides that overexposed too many neighbouring blank spts. Finally, Z-

scores were calculated for every peptide according to the following equation:

4J N

; TDPS-I_?

In the last step, non-specific binding to peptides was removed by subtracting from tre Z-score
of each peptide the maximum Z-score of the same peptide probed with contrdé serum. As
controls for multipeptide microarray immunoassays, different sera and serum combinations
were used which are summarized in Table 5. Important note: in every immunodetection, at
least one control serum was included.

For defining positive serum IgE binding to an individual peptide, a Z-score of > 2 after control

subtraction was used as criterion.

For calculating percent inhibition in IgE inhibition experiments, Z-scores of serum pools
(uninhibited and inhibited) were calculated as described above except that no maximum Z-
score of the controls was subtracted afterwards. Solely uninhibited peptides with aZ-score > 2

were used for further calculation of the percent inhibition. This step should ensure that, despite
of no control subtraction, just uninhibited signals above the respective microarray background
were used. In addition, inhibited peptides with a Z-score < 0 were set to zero. Finally, percent

inhibition was calculated for every peptide according to this formula:

; TDPSF TFSVN QPPM JOIJCJUFE
; TDPSF TFSVN QPPM VOJOIJCJUFE

3.2.9.4 Selection of candidate diagnostic peptides

For each investigated allergen, candidate diagnostic peptides showing specific IgE binding only
in the respective legume-allergic subjects were selected according to criteria established within
this PhD thesis. At first, candidate peptides should be exclusively recognized byhe allergic
patients. Peptides recognized by tolerant patients were excluded from the selection. Secondly
candidate peptides should have a high signal intensity. Therefore, for every podive IgE-bound
peptide (Z-score > 2 after control subtraction), the median Z-score was calaulated of all allergic
patients; peptides with Z-score " 2 were excluded from the median calculation. Subsequently,
peptides with a median Z-score of > 5 were selected for further analysis. Further, only peptides

showing an IgE binding in relation to the full-length allergen were selected. Therefore, only
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peptides were further selected which showed at least 30% inhibition of their IgE binding by the
corresponding full-length protein in at least one inhibition experiment. Next, candidate
diagnostic peptides should contain distinct amino acid sequences and represent distinct protein
areas and therefore an offset of « 4 peptides was applied between two peptides. If there were
several options, the peptide with the higher IgE-binding frequency among the allergic patients
was selected. If there were still several possibilities left, because multiple peptides ray show
the same IgE-binding frequency, the peptide with the highest median Z-score (calculatedrom
positive IgE-bound peptides) was selected.

From all preselected peptides fulfilling the above-mentioned criteria those peptidesthat most
frequently bound IgE ( « median frequency of preselected peptides) were finally selected as

candidate diagnostic peptides.

3.2.10 Receiver operating characteristic (ROC) curve analysis

Using SigmaPlot 13.0 (Systat Software GmbH, Erkrath, Germany) ROC curw analyses were
performed. The following software settings were used for the analyses: data forma indexed,
data type paired, classification variable clinical phenotype/status (allergic or tolerant), positive
state allergic, positive direction high. The following test variables were analyzed: sIgE levels to
legume extracts, to rArah 2.01 (both determined by ImmunoCAP™ analysis), to recombinant
legume proteins (quantified by immunoblot analysis), and maximum Z-scores of selected
candidate diagnostic peptides (determined by multipeptide microarray analysis) of legume-
allergic and tolerant patients. Prior to ROC curve analysis, peanut extract and rArah 2.01 sigE
levels > 100 kU 4/L were set to 100 kUA/L as otherwise the software excluded these patients
from analysis. A preliminary in silico analysis revealed that setting values > 100 kUA/L to
100 kUA/L or to randomly chosen 500 kU4/L resulted in both cases in the same AUC (area under
curve) and the same 95% confidence interval. In addition, prior to ROC curve andysis sIgE
levels to recombinant peanut and soybean proteins that were quantified by immunoblot analysis
were subtracted by two times the quantified sIgE level of the non-allergic control serum
analyzed on the same membrane (N1 or N2). In the pea project, rPis s 1 slgHevels were
subtracted by two times the densitometric signal intensity of the non-allergic control serum N1
or N2 resolved for slgE. Moreover, the maximum Z-score of the identified candidate diagnostic
peptides was calculated for each individual patient, and used for ROC curve analyis. For

maximum calculation, the Z-scores after control subtraction were used.
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4 Results

4.1 Peanut project

4.1.1 Study population

In total, sera from 35 children were included in this peanut project (Table 14 ). The inclusion
criterion was a sensitization to peanut extract, expressed by a peanut ext@ct ImmunoCAP™M
result of « 0.35 kUA/L. 23 of these children (patients 1-23) had symptomatic peanut allergy
confirmed by double-blind placebo-controlled food challenge (16/23), single-blind controlled

food challenge (1/23) or open food challenge (5/23). In patient 23 peanut allergy was
confirmed by food challenge, however the exact type of challenge was unknown. Peantiallergy
was excluded in the remaining 12 children (patients 24-35) by double-blind placebo-controlled
food challenge (8/12) or open food challenge (4/12).

The allergic symptoms during food challenge ranged from grade 1l to grade V with V being the
most severe grade Severe symptoms (grade VW) were reported in 9/23 ( 39%) patients. In
addition, no mild (grade I) symptoms were observed highlighting the high allergenicity of this
legume in children. Due to a lack of symptom data, patient 18 was excluded from this
calculation.

Total IgE ranged from 16.8 to 1985 kU/L in peanut-allergic children (median 296 kU »/L) and
from 10.3 to 1276 kU /L in peanut-tolerant children (median 514 kU A/L) demonstrating a
significant overlap in the total IgE level between both study groups. In contrast, peanut extract
sIgE level was elevated in the peanut-allergic group compared to the tolerant group with
median peanut sIgE of 24.5 kUy/L and 1.93 kU4/L, respectively. Additional characteristics are
listed in the table below.

Serum N, DLab71S1 and DLab72S1 served as negative controls for immunobla@nd microarray

analyses.

Table 14: Clinical characteristics of the peanut study population.
Patients allergic to peanut (patients 1-23), patients sensitized to peanut without clinical symptoms (patients 24-35)
and control sera (N, DLab71S1 and DLab72S1).

Patient - . Symptoms to | Severit Total IgE | Peanut sigE
No. Age (y)*/sex | Clinical evidence y pZanut grading); (KU A/S W | U A/L)%
1 3/t DBPCFC \% Il n.d. 28.80
2 1/m OFC P, GU, AE Il 63.70 12.80
3 5/f SBCFC GU, W v n.d. 23.90
4 1/f DBPCFC GU Il 16.80 4.22
5 3/m DBPCFC GU Il n.d. 1.98
6 6/m OFC V, S, Cg v 451.00 >100
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7 3/f DBPCFC w v n.d. 14.10
8 A/f DBPCFC RA Vv n.d. 63.50
9 5/f DBPCFC CU,RC,IT 1 145.00 0.71
10 14/f DBPCFC AE, V, H v n.d. >100
11 2/f DBPCFC Cu,C Il 39.00 0.82
12 6/f DBPCFC GU,V,S,W v 953.00 >100
13 1/m DBPCFC GU, AE, R Il 48.00 1.63
14 4/m DBPCFC GU,R, W v 35.00 0.82
15 4/t DBPCFC GU,V Il 542.00 348.00
16 2/f DBPCFC GU, W v n.d. 0.85
17 1/f DBPCFC Y, Il 432.00 78.50
18 6/m OFC n.d. unknown >567 >100
19 5/m DBPCFC Vv, W v 231.00 24.50
20 5/f DBPCFC GU, RC 1 57.20 3.45
21 3/m OFC GU, Cg 1 1985.00 100.00
22 5/m OFC GU, AE, RC 1 938.00 84.20
23 3/m FC GU,V I 361.00 70.70
24 10/f DBPCFC none - n.d. 1.52
25 2/m DBPCFC none - 958.00 3.69
26 2/m DBPCFC none - n.d. 1.32
27 11/ DBPCFC none - 514.00 2.02
28 6/f DBPCFC none - n.d. 4.40
29 9/f OFC none - 610.00 2.42
30 6/m DBPCFC none - n.d. 2.21
31 2/m DBPCFC none - n.d. 0.51
32 7If OFC none - 293.00 0.57
33 1/m OFC none - 507.00 1.83
34 2/m OFC none - 1276.00 7.46
35 3/m DBPCFC none - 10.30 1.70
N n.d. n.d. n.d. - n.d. 0.02
DLab71S1 n.d. n.d. n.d. - n.d. 2.75
DLab72S1 n.d. n.d. n.d. - n.d. 433

N, serum from a non-allergic control; *age at time of blood sampling; f, female; m, male; n.d., not determined;
DBPCFC, double-blind placebo-controlled food challenge; SBCFC, singlelind controlled food challenge; OFC, open
food challenge; FC, food challenge (not further specified); AE, angioedema; C, conjunctivitis; Cg, coughing; CU,
contact urticaria; GU, generalized urticaria; H, hoarseness; IT; itching throat; P, pruritus; RA, respiratory arrest; RC,
rhinoconjunctivitis; R, rhinitis; S, stridor; V, vomiting; W, wheezing; #severity grading according to the grading

system developed by Sampson (Sampson 2003)4determined by ImmunoCAP™.

4.1.2 Generation and physicochemical characterization of recombinant peanut allergens
cDNA sequences (appendix Figure A3A5) encoding mature Ara h 1, Ara h 2.01 and Ara h 2.02
were successfully cloned into expression vector pPICZA and subsequenly integrated into

Pichia pastorisX-33 genome as confirmed by DNA-sequencing and PCR analysis, respectively
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(data not shown). Both Ara h 2 isoforms could be successfully expressed usingichia pastoris
However, despite using multiple Ara h 1 recombinant clones, it was not passible to express
Ara h 1 using Pichia pastoris A potential low expression level could be excluded as verified by
the absence after concentrating the cell culture supernatant. In addition, the absenceof Ara h 1
in yeast cell culture supernatant was confirmed by immunoblot analysis using ani-His-tag
antibody and anti-Ara h 1 (PN-t) antibody (data not shown). As a substitute, rAra h 1 used in
this PhD project was kindly provided by Dr. Jonas Lidholm from Thermo Fisher Scientific. It
was anE. coli-expressed recombinant protein used for commercial ImmunoCAP" analysis.

For both Ara h 2 isoforms an expression strategy was developed using proteasehibitor
solution as supplement during expression to reduce proteolysis. Both full-lengthproteins were
secreted into cell culture supernatant and purified via their His-tag using IMAC and, in the case
of rAra h 2.01, via additional SEC. The identity of rAra h 1 and both rAra h 2 isoforms was
confirmed by mass spectrometry analysis. Sequence coverages for rAra h 1, rAra A.01 and
rAra h 2.02 of 46.8%, 41.6% and 39.8% were determined, respectively (Table 15)
Furthermore, mass spectrometry analysis identified the sequence of rAra h 1 asie sequence of
clone P41B.

Table 15: Identity confirmation of recombinant peanut proteins by mass spectro metry analysis.

. Accession | PLGS protein | Number of identified Sequence
Protein . Mass error*
number # score peptides coverage
rArah 1 P43238 3292 30 46.8% 8.1
rAra h 2.01 PEIO77 2053 7 41.6% 11.2
rAra h 2.02 PEI129 6452 9 39.8% 6.1

#P, UniProt accession number; PEI, internal accession numbert{precursor RMS mass error [ppm].

Purity and stability of recombinant proteins was assessed on Coomassie-staine8DS-PAGE.
Figure 2A, shows suitable purity of all recombinant peanut protein preparations. Additional
bands in the lower molecular weight range in both Ara h 2 isoform preparations were identified
by MS as degradation products of the respective isoform. Secondary structurevas analyzed
using CD spectroscopy (Figure 2B Far-UV CD-spectrum of rAra h 1 shoved a maximum at
~196 nm and a minimum at ~208 nm similar to the published CD-spectrum of Ara h 1
extracted from raw peanuts (Nesbit et al. 2012). However, the calculated hydrodynamic radius
(Ru) of 11.2 + 3 nm indicated a strong aggregation behavior of rAra h 1. The CD spectra of
both recombinant Ara h 2 isoforms were comparable to published data and shoved
characteristics typical for =helical proteins: two minima at ~208 and ~222 nm and one

maximum at ~193 nm (Lehmann et al. 2003) . The calculated R, of rAra h 2.01 and rAra h 2.02
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was 2.4 £ 0.2 nm and 2.6 = 0.5 nm, respectively, suggesting that both proteins appeared as
monomers and dd not form aggregates in solution. Both isoforms showed comparable
physicochemical characteristics and were thus suitable for a direct comparisonof their IgE-
binding capacity and their diagnostic value that is not impaired by potential differences in their

IgE binding as caused by physicochemical differences.
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Figure 2: Purity and physicochemical characterization of rAra h 1, rAra h 2.01 and rAra h 2. 02.

(A) Coomassie-stained SDS-PAGE of rAra h 1 (lane 1; 3 pg/cm), rAra h 2.0(lane 2; 2 pg/cm) and rAra h 2.02
(lane 3; 2 pg/cm). Protein samples were analyzed under reducing conditions. M, Spectra™ Multicolor Broad Range
Protein Ladder. (B) Far-UV CD-spectra (190-255nm) of rAra h 1 (solid line), rAra h 2.01 (dotted line) and rAra h 2.02
(dashed line). Samples were measured at 2 uM, 3 UM and 3 pM, respectively. Thenset depicts the hydrodynamic
radius (Ru) = SD.

4.1.3 Diagnostic value of full-length peanut proteins

In the diagnosis of peanut allergy, the ImmunoCAPM is a commonly used method.
Commercially available ImmunoCAPM uses rAra h 2.01, which has been reported in several
studies to have a high, almost perfect diagnostic accuracy in predicting ganut allergy.
Therefore, in a first step the sIgE level to rAra h 2.01 of all sera included in the peanut project
was determined by ImmunoCAP™ analysis. Determined sIgE levels to rAra h 2.01 are shown in
Table 16. Considering the recommended cut-off value of 0.35 kU/L, 22/23 (96%) peanut-
allergic children and 1/12 (8%) peanut-tolerant children showed a sensitization to rAra h 2.01.
This result shows, in accordance with other published studies, a perfect discriminative ability
of slgE to rAra h 2.01 between peanut-allergic and peanut-sensitized but clinically tolerant

children. Therefore, the ImmunoCAP™ result should serve as a reference for subsequent
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analysis regarding the assessment of the diagnostic value of the self-generated recormiant
peanut allergens.

Due to low serum availability sIgE levels to self-generated recombinant Ara h 1, Arah 2.01 and
Ara h 2.02 were not investigated using ImmunoCAP™ but immunoblot analysis combined with
densitometric quantification. Figure 3 shows the serum IgE binding of peanut-allergic (patients
1-23) and sensitized but tolerant (patients 24-35) children to rAra h 1 (Figure 3A), rAra h 2.01
(Figure 3B) and rAra h 2.02 (Figure 3C). For quantification, serial dilutions of two sera having
each 103.61 kUx/L Ara h 1 sIgE and 54.1 kUJ/L Ara h 2 sIgE were used for calibration. The
guantified sIgE levels of each patient are listed in Table 16. For identifying positive ornegative
serum IgE binding to recombinant proteins, the limit of detection (LOD) of each immunoblot
was defined as 2 x slgE level (kW/L) of the non-allergic control serum N used on the same
NFNCSBOF 1BUJFOUT RVBOUJGJFE T*H& MFWFMT FYDFFEJOH UIF
QPTJUJWF -0% T GPS UIF TQFDJGJD *H& CJOEJOH UP S"SB | S
1.916/2.058 kU /L, 2.404/3.392 kU A/L and 1.610/2.126 kU /L (membrane 1/membrane 2),
respectively. A LOD of 1.916 kW/L (rAra h 1) was determined for patients 24-34 and of
2.058 kUA/L for the remaining patients. For rAra h 2.01/rAra h 2.02 immunoblot a LOD of
2.404/1.610 kU A/L was calculated for patients 1-5 and 24-35, and for the remaining patients a
LOD of 3.392/2.126 kU 4/L was determined. Considering the respective LOD, rAra h 2.01 and
rAra h 2.02 were recognized by 15/23 (65%) and 18/23 (78%) peanut-allergic children,
respectively. In contrast, serum IgE of peanut-tolerant children did not bind to any of both
Ara h 2 isoforms in immunoblot analysis. A comparison of ImmunoCAP™ and immunoblot
showed that rAra 2.01 was highly specific in immunoblot but less sensitive than in
ImmunoCAP™ analysis, which was also reflected by the different cut-off levels for postive
signals and the lower amount of serum used for immunoblot analysis. In addition, the
immunoblot analysis revealed that rAra h 2.02 had a higher sensitivity compared to rAra h 2.01
(65% vs. 78%) while keeping the specificity (100%). In general it could be shown that in
peanut-allergic children sensitized to rAra h 2.01 or rAra h 2.02, the full-length p rotein (filled
triangle Figure 3B and 3C) showed compared to its degradation fragment (gen triangle Figure
3B and 3C) a stronger IgE-binding capacity in immunoblot analysis. Moreover, serum IgE &
11/23 (48%) peanut-allergic children and 1/12 (8%) tolerant children bound to rAra h 1
highlighting that rAra h 1 had in this peanut study population the lowest sensitivity (48%) and
specificity (92%) of all investigated recombinant allergens in immunoblot analysis.

Generally, 10/23 (43%) peanut-allergic children (patients 1, 6, 10, 12, 15, 17, 18, 21-23)
showed a polysensitization to all investigated recombinant proteins. Due to a higher sengivity

of the sIgE detection using ImmunoCAPM analysis, Ara h 2 sensitizations of patients 2, 4, 13,
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14 and 16 could only be detected using ImmunoCAPM analysis. Moreover, the identified
sensitization to rAra h 2.01 in ImmunoCAP™ analysis of patients 5 and 20 could only be
reproduced with rAra 2.02 in immunoblot analysis. In contrast, patient 11 showed a
sensitization below cut-off (< 0.35 kU /L) in ImmunoCAP ™ analysis, which was identified as

positive, albeit weak, in immunoblot analysis.
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Figure 3: Serum IgE binding of peanut-allergic and sensitized but tolerant children to r Arah 1, rArah2.01
and rAra h 2.02.
IgE binding of sera from peanut-allergic children (lane 1- QB UJF O UZ3 adckr8ily to Table 14) and tolerant

children (lane 24- QBUJFOUT35 ace@ding to Table 14) to rAra h 1 (A), rAra h 2.01 (B) and rAra h 2.02
(C). Recombinant proteins were analyzed under reducing conditions. IgE binding to each protein after 30 sec
exposure is shown. Filled triangles indicate full-length rAra h 2.01 and rAra h 2.02; open triangles indicate
degradation products of the respective isoform. M, low-molecular weight marker; P, total protein stain with

PonceauS; N1 and N2, serum from a non-allergic subject on membrane 1 and 2, respectigly.
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Table 16: Specific IgE levels of peanut-allergic and sensitized but tolerant children

Peanut-allergic (patients 1-23) and sensitized but tolerant children (patients 24-35). N1 and N2, non-allergic control serum

on membrane 1 and 2, respectively; DLab71S1 and DLab72S1, non-allergic controlfor microarray analyses.

Patient no. Peanut sigE | rArah 2.01 sIgE | rAra h 2.01 sIgE rAra h 2.02 sIlgE rAra h 1 sigE
(kU /L) @ (kU /L) @ (KU /L) P (kUa/L) P (kUa/L) P

1 28.80 15.00 20.382 7.274 9.520
2 12.80 2.64 (1.633) (1.452) 5.733
3 23.90 7.99 2.547 5.946 (0.928)
4 4.22 1.02 (1.445) (0.826) (0.902)
5 1.98 2.16 (1.351) 6.417 (1.066)
6 >100 >100 29.270 46.879 23.845
7 14.10 31.30 27.196 24.789 (0.943)
8 63.50 71.70 9.674 23.561 (0.746)
9 0.71 2.48 5.216 11.404 (0.879)
10 >100 >100 34.891 54.051 27.755
11 0.82 (0.19) (1.056) 2.754 (0.962)
12 >100 63.80 23.910 29.540 47.675
13 1.63 141 (0.869) (1.686) (0.836)
14 0.82 0.46 (0.942) (1.224) (0.843)
15 348.00 82.40 28.593 48.594 13.258
16 0.85 0.68 (1.107) (1.419) (0.824)
17 78.50 27.20 20.411 32.152 12.074
18 >100 38.80 47.074 62.279 66.386
19 24.50 11.40 8.669 16.209 (0.856)
20 3.45 5.12 (1.287) 6.841 (0.942)
21 100.00 >100 47.182 24.818 12.419
22 84.20 67.90 21.284 33.563 2.476
23 70.70 >100 64.958 26.808 53.195
24 1.52 (0.02) (1.886) (1.517) (1.409)
25 3.69 (0.07) (1.319) (1.166) 8.794
26 1.32 (0.01) (1.362) (1.112) (0.985)
27 2.02 (0.02) (1.224) (1.079) (1.018)
28 4.40 (0.02) (1.195) (0.996) (0.962)
29 2.42 (0.00) (1.370) (0.946) (0.973)
30 2.21 (0.02) (1.161) (1.025) (1.043)
31 0.51 (0.00) (1.259) (0.909) (1.414)
32 0.57 (0.03) (1.178) (0.915) (1.025)
33 1.83 (0.02) (1.377) (0.981) (1.358)
34 7.46 (0.05) (1.361) (1.014) (1.098)
35 1.70 0.42 (1.465) (1.042) (0.780)
N1 0.02 0.00 1.202 0.805 0.958
N2 0.02 0.00 1.696 1.063 1.029

DLab71S1 2.75 0.01 n.d. n.d. n.d.

DLab72S1 4.33 0.02 n.d. n.d. n.d.

ddetermined by ImmunoCAP™; Pdetermined by immunoblot analysis; n.d., not determined; () sIgE levels in parenthesis

are below method cut-off (LOD).
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According to Table 16, the sIgE levels to rAra h 2.01 (> cut-off), determined by ImmunoCAP™
analysis, ranged in peanut-allergic children from 0.46 to > 100 kU »/L (median 21.1 kUA/L) ,
whereas only one tolerant child showed sIgE of 0.42 kU/L. A similar trend was shown for the
sIgE levels (> LOD) to rAra h 2.01 and rAra h 2.02, determined by immunoblot analysis, of
peanut-allergic children with median values of 23.91 kU 4/L and 24.80 kU A/L, respectively, and
no tolerant child showing a sensitization to rAra h 2.01 or rAra h 2.02. In contrast, rAra h 1
sIgE levels (> LOD) in peanut-allergic children ranged from 2.48 to 66.39 kU »/L (median
13.26 kU4/L) and one tolerant child even showed sIgE binding of 8.79 kU /L.

Next, it should be investigated in detail whether the densitometric quantification using
immunoblot analysis showed a linear correlation with the conventional InmunoCAP™ analysis.
Therefore, the sIgE levels to rAra h 2.01 determined by ImmunoCAPM analysis (Table 16) were
analyzed for their correlation with sIgE levels to rAra h 2.01 and rAra h 2.02 determined by
immunoblot analysis (Figure 4A and 4B, respectively). As shown in Figure 4A, in therange
between 0.35 kUa/L and ~40 kU A/L sIgE to rAra h 2.01, determined by ImmunoCAP™, a linear
correlation (R2=0.7982) to rAra h 2.01 sIgE levels (> LOQ), determined by immunoblot, was
observed. LOQ was defined as 2 x LOD resulting in LOQ1/2 (membrane 1/2) of
4.808/6.784 kUA/L sIgE to rAra h 2.01. A comparable correlation (R>=0.7717) was found
between sIgE to rAra h 2.01 (ImmunoCAPM) and sIgE to rAra h 2.02 (immunoblot) within
analogous limits (Figure 4B). LOQ for sIgE to rAra h 2.02 in immunoblot analysis was
3.22/4.252 kU /L for membrane 1/2, respectively. The graphs and the trend lines shown in
Figure 4A and 4B demonstrate that the quantification of sIgE levels by means of imnunoblot
analysis was in the mentioned range comparable to the commonly used IrmunoCAP™ analysis.
However, ImmunoCAP™ sIgE levels > 40 kUA/L could not be exactly reproduced using
immunoblot analysis caused by a lower dynamic range of the immunoblot analysis.

Moreover, in Figure 4C rAra h 2.01 and rAra h 2.02 sIgE levels quantified by meansof
immunoblot analysis were plotted against each other. No linear regression couldbe calculated
but the depicted graph shows that for the great majority of peanut-allergic patients with
rAra h 2.01 and rAra h 2.02 slgE levels > LOQ, rAra h 2.02 was the more sensitive isoform with
regard to IgE-binding capacity. 9/13 (69%) peanut-allergic patients with sIgE levels > LOQ
showed higher sIgE to rAra h 2.02 and only 4/13 (31%) to rAra h 2.01. This finding sugg ests

that rAra h 2.02 may improve measurement sensitivity when used as diagnostic ragent.
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Figure 4: Correlation analysis of sIgE levels quantified by immunoblo  t analysis and sIgE levels determined by
ImmunoCAP ™ analysis.

Correlation between rAra h 2.01 sIgE levels determined by Immuno@P™ analysis (9 and sIgE levels to rAra h 2.01
(A) and rAra h 2.02 (B) quantified by immunoblot analysis ( B. (C) Correlation between rAra h 2.01 sIgE levels (P
and rAra h 2.02 sIgE levels (. In (A) and (B) a linear trend line (black line) was drawn through rArah 2.0 1 (9 and
rAra h 2.02 (9 sIgE levels > LOQ, respectively, and rAra h 2.01 (9 sIgE levels « 0.35 kUa/L and " 40 kUa/L. For
simplification in (A)-(C), mean LOD (dashed and single dotted line) and mean LOQ (2 x LOD; dashed line) of
LOD1/2 and LOQ1/2 are depicted, respectively. rAra h 2.01 sIgE levels () > 100 kU a/L were not depicted in (A)
and (B). The gray dotted diagonal line represents a perfect correlation (100% correlation with a gradient of 1). R 2,

coefficient of determination.
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Finally, in order to determine and compare the diagnostic value of the investigated peanut
proteins, an ROC curve analysis was performed (Figure 5)To obtain plausible results, the slgE
levels quantified by immunoblot analysis were subtracted by two times the respective syE level
of the non-allergic control N1 or N2 prior to ROC curve analysis. As otherwise, unexpected high
areas under the ROC curve (AUC) were obtained. Furthermore, this step enabled @etter
adaptation of the ROC curve results with the determined frequency of IgE binding to the
respective recombinant proteins. As a reference for ROC curve analysis, the rAra h 2.01 gE
levels determined by ImmunoCAPM analysis (Table 16) were used, because most publications
use ImmunoCAPM analysis for determining the sIgE levels, and in this study the ImmunoCAPM
analysis using Ara 2.01 performed almost perfectly.

In general, the higher the AUC, the better the overall diagnostic accuracy of the parametersigE
to rAra h 2.01 determined by ImmunoCAP™ analysis showed with an AUC of 1.00 a perfect
discrimination between peanut-allergic and peanut-tolerant children within this study
population. Using a cut-off of 0.35 kU 4/L a sensitivity of 96% and a specificity of 92% could be
observed. For sIgE to peanut extract, also determined by ImmunoCAP* analysis, an AUC of
0.79 was calculated.

The sIgE to rAra h 2.01 and rAra h 2.02 quantified by means of immunoblot analysis revealed
an AUC of 0.75 and 0.86, respectively. In contrast, sIgE to rAra h 1 showedvith an AUC of 0.51
the worst performance of all three proteins investigated by immunoblot analysis. Moreover,
based on immunoblot analysis, sIgE to rAra h 2.01 reached, at a spedifity of 100%, a sensitivity
of 65%. Compared to rAra h 2.01, sIgE to rAra h 2.02 showed at a specitity of 100% a higher
sensitivity (78%).

In summary, the results presented in this chapter show that rAra h 2.01 in the ImmunoCAPM
analysis enables a perfect discrimination between peanut-allergic and sensitized butolerant
children. In immunoblot analyses, rAra h 1 showed the worst performance conpared to
rAra h 2.01 and rAra h 2.02, with rAra h 2.02 exceeding rAra h 2.01 with regard to sensitivity .
Therefore, it is likely that rAra h 2.02, when used as reagent in InmunoCAP™ analysis, may
additionally improve ImmunoCAP™ performance. At least with regard to measurement
sensitivity, as shown for patient 11 who was negative in InmunoCAPM analysis but positive

(albeit weak) in immunoblot analysis.
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Figure 5: Receiver operating characteristic (ROC) curve analysi s of sIgE to peanut extract and full-length
recombinant peanut proteins.

ROC curves of sIgE to peanut extract (black), rAra h 2.01 (orange) detemined by ImmunoCAP™ analysis (9 and to
rAra h 1 (red), rAra h 2.01 (green) and rAra h 2.02 (blue) quantified by immunoblot analysis (9. For ROC curve
analysis, the sIgE levels quantified by means of immunoblot analysis were subtracted bywo times the respective
sIgE level of the non-allergic control serum. ImmunoCAPM sIgE values > 100 kUa/L were set to 100 kUa/L for ROC
curve analysis. The gray diagonal line (AUC 0.5) represents a test without discriminatay ability. AUC, area under

the ROC curve; Cl, confidence interval.

4.1.4 Differences in IgE binding at the peptide level

In the next analysis step, peanut-allergic and sensitized but tolerant children were analyzed for
their differences in IgE binding at the linear peptide level. Therefore, overlapping peptides
covering the entire sequences of Ara h 1, Ara h 2.01 and Ara h 2.02 were synthesized. Pejute
microarrays were generated and individually probed with patient sera. After immunodetection,

peptide signal intensities were recorded and transformed into Z-scores. Proline ldroxylation

of Ara h 2 was additionally investigated using peptides containing a hydroxyproline in the

DPYSP"S motif.

Starting with Ara h 1, Figure 6 illustrates the procedure from spotting to IgE immunodetection.

In Figure 6A the spotting layout of Ara h 1 peptide microarrays is shovn. For simplification just

one out of two array segments is shown. In total, 148 peptides comprised the tll-length
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sequence of Ara h 1. To minimize the influence of outliers, every peptide was spotted in
guadruplicate. Controls composed of biotinylated non-allergen related peptides were included
for simplifying array analysis. After spotting, Coomassie-staining of randomly chosen array
slides verified proper spotting of all peptides (Figure 6B). As an example, the serum IgE binding
of a peanut-allergic child (patient 21) is shown in Figure 6C (for more details see Figure A13
in the appendix). The depicted IgE immunodetection showed good accordance between the two
array segments regarding the IgE-binding pattern. Moreover, this patient showed a strong IgE

binding to the peptides of Ara h 1 with some peptide regions showing maximum IgE binding.
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Figure 6: Spotting layout, Coomassie-staining and immunodetection of Celluspot ™ multipeptide microarray
of Arah 1.

(A) Spotting layout of Ara h 1 multipeptide microarray. For simplification, only the left segment of the multipeptide

microarray is shown. Full-length sequence of Ara h 1 is represented byl 48 peptides that were spotted (each 0.04pl)

in duplicate on each segment leading to quadruplicate peptide presatation on the whole array . Biotinylated control

peptdes BCCSFWJBUFE CZ B i$w XFSF TQPU Udiktonsd GopHaft@Md bbtdid Fght On EatiE GFSFO U
array element) and were used as position markers. Gray empty spots reprgent blank spots composed of peptide

printing buffer (DMSO). Blue empty spots represent internal control peptides not relevant for peptide analysis. (B)

Successful spotting was verified by staining with Coomassie Brilliant Blue G250. C) IgE immunodetection using

serum of a peanut-allergic child (patient 21) after 30 sec exposure.
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In order to compare the signal intensities of different microarrays, the signal intensity of every
peptide was transformed into a Z-score. The transformation of signal intensities iro Z-scores
enables inter-array comparability by reducing the influence of outliers, by correcting the
background noise and by considering the variation of the analyzed array. In the next step,non-
specific IgE binding to peptides was removed by subtracting from the Z-score of each pefde
the maximum Z-score of the same peptide probed with control serum fromnon-allergic subjects.
As control sera, serum N and DLab71S1 were used. IgE binding to a peptide was aidered
positive, when its Z-score exceeéd 2 after control subtraction. Using 2 sigma yielded a
probability of more than 95% of positivity for a truly positive si gnal (Mitchell and Jolley 2013).
The calculated Ara h 1 peptide Z-scores of controls (including maximum Z-score) andof allergic
and tolerant patients after control subtraction are listed in Table A1-A6 in the appendix.

In order to identify differences in IgE binding between peanut-allergic and tolerant patient s, for
every peptide of Ara h 1 the frequency of recognition by the peanut-allergic patients was

calculated and compared with the frequency of recognition by the tolerant patients (Figure 7).

100 - = Peanut-allergic children (n=23)
—— Peanut-tolerant children (n=12)

90 A

80 -

70 A

60

50 -

40

30 1

20 A

Frequency of positive IgE binding [%]

10 4

0 |
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140

Ara h 1 peptide number

Figure 7: IgE-binding frequencies to peptides of Ara h 1 of peanut-alle  rgic and tolerant children.
Comparison of the IgE-binding frequencies of peanut-allergic (black) and tolerant (red) children to peptides of

Arah 1. Serum IgE binding to a peptide was considered positive if Z-score was >2.

As shown in Figure 7, peptides of Ara h1 were recognized by peanut-allergic as well as by
tolerant patients. However, peanut-allergic patients showed higher IgE-binding diversity and

bound more frequently to peptides of Ara h 1 compared to tolerant patients. The maximum IgE-
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binding frequency in peanut-allergic patients was 43% vs. 17% in peanut-tolerant children.

Overall, 13/23 (57%) peanut-allergic children and 3/12 (25%) peanut-tolerant children

showed an IgE binding to at least one peptide of Ara h 1 (Table 17). Serum IgE from peanut-

allergic patients bound between 0 to 147 peptides (median 2), whereas peanut-tolerant patients

recognized 0-18 peptides (median 0).

In general, microarray data showed a good correlation with immunoblot data. Except for

patients 4, 7, 31 and 34, who only showed an IgE binding in microarray analysis, serum IgE

binding to rAra h 1 in immunoblot analysis was in complete accordance with IgE binding to

Arah 1 peptides in microarray analysis. For patients 7 and 31 a very wealgE bindingtorArah 1

was visible which, however, was below the LOD and was therefore consideredegative.

Table 17: Number of positive serum IgE-bound peptides of Arah 1, Arah 2.01 a

Positive peptide IgE binding was defined if the Z-score exceeds 2 after control subtratton.

nd Ara h 2.02.

. Number of Number of Number of IgE- Number of Number of IgE-
Patient IgE-bound IgE-bound . IgE-bound .
. . bound peptides of . bound peptides of
No. peptides of peptides of Arah 2.01_Hyp peptides of Ara h 2.02_Hyp
Arahl Arah2.01 P - Arah 2.02_P -
1 11 4 6 4 8
2 1 0 0 0 0
3 1 6 1 9
4 65 0 0 0 0
5 0 0 0 0 0
6 113 5 6 7 9
7 5 4 7 4 10
8 0 4 6 5 9
9 0 0 1 0 4
10 147 25 25 31 31
11 0 0 0 0 0
12 139 5 6 6 9
13 0 0 0 0 0
14 0 0 0 0 0
15 46 9 9 11 12
16 0 0 5 0 7
17 140 2 7 2 10
18 141 14 14 20 20
19 0 0 0 0 0
20 0 0 4 0 6
21 135 10 10 15 15
22 2 5 5 6 8
23 35 7 7 10 10
24 0 0 0 0 0
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25 2 0 0 0 0
26 0 0 0 0 0
27 0 0 0 0 0
28 0 0 0 0 0
29 0 0 0 0 0
30 0 0 0 0 0
31 1 0 0 0 0
32 0 0 0 0 0
33 0 0 0 0 0
34 18 0 0 0 0
35 0 0 0 0 0

Ara h 2.01_P, peptides 9-14 of Ara h 2.01 contain a proline residue in tre DPYSPS motif; Ara h 2.01_Hyp, peptides
9-14 of Ara h 2.01 contain a hydroxylated proline residue in the DPY SFPHS motif; Ara h 2.02_P, peptides 9-17 contain
a proline residue in the DPYSPS motif; Ara h 2.02_Hyp, peptides 9-17 contain a hydroxylated mline residue in the
DPYSPHS motif.

Next, peanut-allergic and tolerant children were analyzed for their differences in IgE binding
to peptides representing full-length mature Ara h 2.01 and Ara h 2.02. Both sequences share
high sequence identity (91%) as shown in Figure 8. The differences are shown in red ad
comprise two amino acid substitutions and an insertion of 12 amino acids in the isoform
Ara h 2.02. This insertion contains a further DPYSPS motif leading to the presence of three
instead of two DPYSPS motifs in Ara h 2.02. Furthermore, it is reported that ndural Ara h 2.01
and Ara h 2.02 undergo site-specific post-translational hydroxylation leadng to DPYSPS motifs

with the second proline being hydroxylated (Figure 8, blue).

Arah2.01 1 RQQWELQGDRRCQSQLERANLRPCEQHLMQKIQRDEDS¥RDPY®SQDPYES------ 54
Arah2.02 1 RQQWELQGDRRCQSQLERANLRPCEQHLMQKIQRDEDSYRDPY®SQDPYESQDPDRR 60

Arah2.01 55 - PYDRRGAGSSQHQERCCNELNEFENNQRCMCEALQQIMENQSDRLQGRQQEQQF 108
Arah 2.02 61 DPYPSPYDRRGAGSSQHQERCCNELNEFENNQRCMCEALQQIMENQSDRLQGRQQE

Arah 2.01 109 KRELRNLPQQCGLRAPQRCDL DVESGGRDRY 139
Arah 2.02 121 KRELRNLPQQCGLRAPQRCDL EVESGGRDRY 151

Figure 8: Sequence alignment of Ara h 2.01 and Ara h 2.02.
Mature full-length sequences of Ara h 2.01 and Ara h 2.02 were aligred using BLAST™ (NCBI, Bethesda MD, USA).
Differences in amino acid sequence are shown in red, DPYSPS motifs are undmed and proline residues undergoing

post-translational hydroxylation in natural Ara h 2 are shown in blue.

Figure 9A shows the spotting layout of one segment of the Ara h 2 multipepide microarray.

Ara h 2.01 and Ara h 2.02 were composed of 32 and 35 peptides, respectively. The individual
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peptide sequences are listed in the appendix (e.g. Table A8 and A25)Peptides shared by both
isoforms were just spotted once for both isoforms (half dark blue, half light blue spots

Figure 9A). In order to analyze the influence of proline hydroxylation on IgE binding, peptides

containing hydroxyproline residues were additionally investigated on each array. Peptides
containing hydroxylated proline residues are marked with an asterisk (Ara h 2.01: peptides 9-
4; Ara h 2.02: peptides 9-17). Again, Coomassie-staining confirmed the presence foall peptide

spots on the array slide (Figure 9B).

As an example, the immunodetection using serum IgE from allergic patient no.18 is shown in

Figure 9C. This patient showed a strong IgE binding to peptides that contain the DPYSPS oiif

(Ara h 2.01: peptides 9-13; Ara h 2.02: peptides 9-16) or at least a partial amino acid sequence
of it (Ara h 2.01: peptide 14; Ara h 2.02: peptide 17). The proline hydroxylatio n in the

mentioned peptides led to a further increase in IgE binding in this patient. The increase in the
IgE-binding capacity due to the hydroxylation could be observed for the great maprity of the

allergic children (see appendix Figure Al5).
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Figure 9: Spotting layout, Coomassie-staining and IgE immunodetecti on of Celluspot ™ multipeptide
microarray displaying Ara h 2.

(A) Spotting layout of Ara h 2 multipeptide microarray. For simplification, only the left segment of the multipeptide
microarray is shown. Dark and light blue spots represent unique peptides either fourd in Ara h 2.01 or Ara h 2.02,
respectively. Half dark blue, half light blue spots represent peptides shared ly both isoforms. Peptide numbers written
in dark blue and light blue areas belong to Ara h 2.01 and Ara h 2.02, respectively. Peptides depicted withasterisks
contain hydroxyproline residues in comparison to their peptide counterparts depicted without asterisks. In general,
Ara h 2.01 and Ara h 2.02 are covered by 32 and 35 peptides, respetively. Biotinylated control peptides, abbreviated
CZ B i$w XFSF Tifierebt dikiiond QofEleft and bottom right on each array element) and were used as
position markers. Gray empty spots represent blank spots composed of peple printing buffer (DMSO). (B)

Successful spotting was verified by staining with Coomassie Brilliant Blue G250. (C) §E immunodetection using

serum of peanut patient 18 after 30 sec exposure.
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For simplification, the full-length sequences of Ara h 2.01 and Ara h 2.02 without site-specific
proline hydroxylation will be named as Ara h 2.01_P and Ara h 2.02_P, respectivéy. Here,

peptides 9-14 of Ara h 2.01 and peptides 9-17 of Ara h 2.02 contain a proline residue in the

DPYSPS motif. If the mentioned peptides contain a hydroxylated proline residuein the

DPYSP"S motif, both full-length sequences will be named as Ara h 2.01_Hyp and
Ara h 2.02_Hyp. The calculated Z-scores (after control subtraction) of every peptide of
Arah2.01 P, Arah2.01 Hyp, Arah2.02_P and Ara h 2.02_Hyp are listed in Table A8\23 and

A25-A40 in the appendix. Mentioned tables in the appendix show the peptide Z-scores of all

peanut-allergic and tolerant children as well as of controls and their derived maximum peptide

Z-scores.

For every peptide of the four investigated Ara h 2 sequences the frequency of reognition by the

allergic children and by the tolerant children was calculated. Again, a Z-score > 2 was used for
defining positive peptide IgE binding. Figure 10 shows the calculated frequency of positive IgE
binding of allergic and tolerant children to peptides of Ara h 2.01_P and Ara h 2.01_Hyp

(Figure 10A) and to peptides of Ara h 2.02_P and Ara h 2.02_Hyp (Figure 10B.
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Figure 10: IgE-binding frequencies to peptides of Ara h 2.
Peanut-allergic (black) and tolerant patients (red) were analyzed for their IgE binding frequencies to peptides of
Ara h 2.01_P and Ara h 2.01_Hyp (A) and to peptides of Ara h 2.02_P and Aa h 2.02_Hyp (B). IgE-binding

frequencies to peptides containing a hydroxyproline are depicted in(A) and (B) as dashed line. Criterion for positive

IgE binding was a Z-score > 2.

Comparable to the IgE binding to full-length allergens (Figure 3), only peanut-allergic children
showed IgE binding to the peptides of both isoforms (Figure 10). Serum IgE of peanu-tolerant
children did not bind to any peptide, even peptides 9-14 of Ara h 2.01_Hyp and peptides 917
of Ara h 2.02_Hyp containing hydroxylated proline residues did not bind to serum IgE of
tolerant children. In peanut-allergic children, peptides with maximum IgE-binding frequencies

can be identified. Peptide 2 located at the amino-terminal part of the protein sequenceswas
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recognized by 11/23 (48%) allergic children . In addition, serum IgE of 11 (48%) peanut-
allergic children, with 9 patients also recognizing peptide 2, bound to peptide 11 of Arah 2.01_P
and peptide 11 of Arah 2.02_P. Peptide 11 of Arah 2.01_P andf Ara h 2.02_P contaired two
DPYSPS moaotifs, respectively (for peptide sequence information see appendix Table A8 and
A25). Hydroxylation of proline residues in Ara h 2.01_Hyp and Ara h 2.02_Hyp led to an
increase in the maximum IgE-binding frequency. Due to hydroxyproline, 16/23 (70%) peanut-
allergic children recognized peptide 11 of Ara h 2.01_Hyp and the same 16 children recogiized
peptides 11, 12, 14 and 15 of Ara h 2.02_Hyp. Peptides representing the carbry-terminal part
of the protein sequences seerad to be of lower relevance for linear IgE binding.

According to Table 17, serum IgEof 13/23 (57%) peanut-allergic children bound to any peptide
of Arah2.01_P and Arah 2.02_P, respectively. The median of IgE-bound peptides in thallergic
children was in both sequences 2 peptides. Proline hydroxylation led to an increase in the
median number of IgE-bound peptides in Ara h 2.01_Hyp and Ara h 2.02_Hyp with a median
number of 6 and 8 peptides, respectively. Overall, 16/23 (70%) of peanut-allergic children
showed an IgE binding to at least one peptide of Ara h 2.01_Hyp and Ara h 202_Hyp. Serum
IgE of patients 9, 16 and 20 bound only to peptides containing a hydroxylated proline residue
and not to peptides of Ara h 2.01_P and Ara h 2.02_P. Due to hydroxylation inAra h 2.01_Hyp
and Ara h 2.02_Hyp, 10/23 and 12/23 peanut-allergic children recognized more pepti des as in
Ara h 2.01_P and Ara h 2.02_P, respectively. Furthermore, hydroxylationwas also relevant for
IgE binding of patients 3 and 17. Both patients recognized few peptides in Ara h 2.aL_P and
Ara h 2.02_P, however peptides 9-14 of Ara h 2.01 and peptides 9-17 of Ara h 22 were only
recognized if they contained hydroxylated proline residues. Moreover, as shown inFigure 9C,
hydroxylation led to higher signal intensities of IgE-bound peptides. 11/23 allergic patients
showed an IgE binding to the sum of peptides 9-14 of Ara h 2.01_P. Hydroxyldion led to an
increase in serum IgE binding with 16 patients showing an IgE binding to the sum of pegides
9-14 of Ara h 2.01_Hyp. In 14 of these 16 patients hydroxylation led to higher signal intensities
of IgE-bound peptides. The same tendency could be detected for peptides 9-17 of Ara B.02_P
versus Ara h 2.02_Hyp. Here, the IgE binding to the sum of these peptides increased from 11
to 16 allergic patients and in all (16/16) allergic patients showing a positive IgE binding the
hydroxylation led to higher signal intensities of IgE-bound peptides (for more details see
appendix Table A8-A23 and A25-A40).

Subsequently, microarray and immunoblot data were compared with regard to their serum IgE
binding. As recombinant Ara h 2.01 and Ara h 2.02 cannot undergo proline hydroxylation (see
Figure 13), the microarray data of Arah 2.01_P and Ara h 2.02_P were used fothe comparison.

It turned out, that serum IgE binding of tolerant children was in both methods in co mplete
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agreement with no detectable IgE binding to either the recombinant isoforms
Arah 2.01/Ara h 2.02 or the derived peptides. Furthermore, except for allergic patients 9 and
19, who only showed IgE binding to Ara h 2.01 in the immunoblot analysis, microarray analysis
of Ara h 2.01_P of peanut-allergic patients was in complete accordance with tle immunoblot
analysis. Moreover, the comparison of serum IgE binding to Ara h 2.02 in immunoHdot and
microarray analysis revealed that five patients (patients 5, 9, 11, 19 and 20) showed an IgE
binding to full-length rAra h 2.02 but not to peptides of Ara h 2.02_P.

4.1.5 Identification of candidate diagnostic peptides

In order to identify peptides with diagnostic specificity for peanut allergy, selection criteria for
candidate diagnostic peptides were established. Candidate diagnostic peptides should be
exclusively recognized by peanut-allergic children. Furthermore, only positive IgE-bound
peptides with high signal intensities in IgE binding were selected. A median Z-score of >5
should sufficiently ensure to eliminate weak positive IgE-binding peptides. Further, only
peptides showing an IgE binding in relation to the full-length allergen were selected. Therefore,
inhibition experiments using serum pools were performed and only peptides were further
selected which showed an inhibition of their IgE binding by the corresponding full-length
protein. In general, sera were pooled based on comparable IgE-binding pattern to the
investigated peptides.

To verify the specificity of the IgE binding to Ara h 1-derived peptides, two serum pools were
HFOFSBUFE BOE *H& CJOEJOH XBT JOIJCJUFE CZ RPM BEXBUJPO
composed of sera from patients 10, 12, 18 and 21, and pool 2 of serdrom patients 6, 15, 17,
23. For the verification of the specificity of IgE binding to Ara h 2 peptides, sera from patients
6-8, 10, 12, 15, 18, 21- XFSF QPPMFE BOE QSFJODVCBUFE XJUIl BHUIFS
native or r/a peanut extract.

Candidate peptides of Ara h 1 and Ara h 2 (Ara h 2.01_P/Hyp and Ara h 2.02_P/Hyp) were
selected if they showed an inhibition of ¢ 30% of their IgE binding in at least one inhibition
experiment. With Ara h 1 as an example, an at least 30% inhibition of peptide IgE binding by
rAra h 1in at least one of the two used serum pools was required to address Ara h 1 sgcificity.

In the case of Ara h 2, peptides were selected that could be inhibited in their IgE binding by
either rAra h 2.02, native or r/a peanut extract by at least 30%. Images of the Ara h 1 and
Ara h 2 IgE inhibition experiments and calculated Z-scores can be found in the apendix, in
Figure Al4/Table A7 and Figure A16/Table A24 & Table A41, respectively.

Furthermore, candidate peptides should contain distinct amino acid sequences and represent

distinct protein areas and therefore an offset of « 4 peptides was applied between two peptides
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If there were several options, peptides with the highest IgE-binding frequency were selected.
Among peptides that showed an identical IgE-binding frequency, those with the highest median
Z-score were selected.

Finally, from all preselected peptides fulfilling the above-mentioned criteria, the most
frequently recognized peptides (¢ median frequency of preselected peptides) were selected as
candidate diagnostic peptides.

By applying these criteria, three peptides of Ara h 1, peptide 17, 75 and 86,could be identified
(Figure 11). These three peptides were individually bound by serum IgE from 10 (43%),
8 (35%) and 8 (35%) peanut-allergic children, respectively. In addition, 11/23 (48 %) peanut-
allergic children recognized at least one of these three peptides in contrast to no téerant child
(Table 18).
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Figure 11: Identified peptides of Ara h 1 fulfilling the selection criteria for ¢ andidate diagnostic peptides.

Comparison of the IgE-binding frequencies of peanut-allergic (blak) and tolerant (red) children to peptides of
Ara h 1. Serum IgE binding to a peptide was considered positive if Z-score was 2. Identified candidate diagnostic

peptides within this study population specific for peanut allergy are shown in blue bars.
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Table 18: IgE binding of peanut-allergic and tolerant children to identified candidate diagnostic peptides of
Arah 1.

Three peptides were selectedas candidate diagnostic peptides of Ara h 1. X depicts positive serum IgE binding to
candidate peptide; - depicts negative serum IgE binding.

Patient No. Arah 1 P17 Arah 1 P75 Ara h 1 P86
X - -
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The respective amino acid sequence and the molecular surface presentation of the threselected

peptides is shown in Table 19 and Figurel2, respectively. Interestingly, a relatively high content
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of charged amino acid residues could be observed in peptide 17 and 86. As peptidé&7 is located
in Ara h 1 where the structure is not resolved, it could not be depicted in Figure 12. Peptide 75

and peptide 86, as shown in Figure 12, represenéd two adjacent protein areas.

Table 19: Identified candidate diagnostic peptides of Ara h 1.

Amino acid sequences of identified candidate diagnostic peptides of Ara h 1.

Candidate peptides of Arah 1 Amino acid sequence
Peptide 17 E-R-T-R-G-R-Q-P-G-D-Y-D-D-D-R
Peptide 75 E-A-A-F-N-A-E-F-N-E-I-R-R-V-L
Peptide 86 V-K-V-S-K-E-H-V-E-E-L-T-K-H-A

180°

Front side view Back side view Top view Bottom view

Figure 12: Surface presentation of identified candidate diagnostic peptides of Ara h1.
Cyan and orange colored amino acids represent identified candidate diagostic peptide 75 and peptide 86,
respectively. Peptide 17, located where the structure of Ara h 1 is not resoled, could not be depicted. Using Ara h 1

pdb 3SMH and PyMOL, 3-D images were generated.

Candidate diagnostic peptides could also be identified of Ara h 2, but at first, the result of the
microarray IgE inhibition should be described in more detail.

On the one hand, the inhibition experiment verified the specificity of the pe ptide IgE binding,
since full-length Ara h 2 was able to inhibit IgE binding to peptides. On the other hand, the
experiment showed that the recombinant Ara h 2, compared to its natural counterpart, did not
undergo proline hydroxylation, which led to the absence of hydroxyproline in the
immunodominant DPYSPS motif.

As shown in Figure 13, recombinant Ara h 2.02 (13.5 @) could inhibit IgE binding to
Ara h 2.01_P and Ara h 2.02_P completely. However, IgE binding to peptides containing
hydroxylated proline residues (Figure 13, highlighted in red) could be only partia lly inhibited

by rAra h 2.02. In contrast, only natural Ara h 2 in native and reduced/alkylated peanut extra ct
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could inhibit IgE binding to these peptides. Taking into account that Ara h 2 accounts for 6-9%
of the total peanut protein content, it makes up ~0.6-0.9 g in each peanut extract. However,
this amount was approximately 10-fold lower than the amount of recombinant Ara h 2.02 used
in the inhibition experiment, which further supports that recombinant Ara h 2 did not undergo

proline hydroxylation and thus cannot completely inhibit IgE binding to Hyp-containing

peptides.
| I | I | I Serum pool of peanut-allergic children
+ protein buffer (uninhibited)
| I | I | I
LR [s000-0e ] [ooee -] CEIR Serum pool of peanut-allergic children
+ rAra h 2.02
cene . IOQ“-.OI ”“[oo..-] I.“o-.o1 e
| I | I Jzetl ] Serum pool of peanut-allergic children
+ native peanut extract
| N Justkd | -~
R | | TN R Serum pool of peanut-allergic children
. + red./alk. peanut extract
| [ }. i | I s

Figure 13: Specificity of IgE binding to Ara h 2-derived peptides verified by IgE inhibition experiments.

Using rAra h 2.02 (13.5 pg), native peanut extract (9.5 pg) and reduced/alkylat ed peanut extract (9.5 ug) the
specificity of the peptide IgE binding was verified. As reference, serum poolplus protein buffer was used. Peptides
containing hydroxylated proline residues are highlighted in red. IgE immunodetections after 30 sec exposure are

shown.

Taking into account the mentioned selection criteria for candidate diagnostic peptides, in total
four peptide pairs could be identified of the analyzed Ara h 2.01 and Ara h 2.02 sequences
(Figure 14A and 14B; blue full bars and blue dashed bars). Blue full bars represent candicte
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peptides of Ara h 2.01_P and Ara h 2.02_P. Blue dashed bars depict candidate péipges of
Ara h 2.01_Hyp and Ara h 2.02_Hyp. In each Ara h 2 sequence one peptide pair could be
identified.

A
= Ara h 2.01_P: Peanut-allergic children (n=23)
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Figure 14: Identified peptides of Ara h 2.01 and Ara h 2.02 fulfilling the selection criteria for candidate
diagnostic peptides.
Comparison of the IgE-binding frequencies of peanut-allergic (black) and tolerant (red) children to peptides of
Ara h 2.01_P and Ara h 2.01_Hyp (A) and to peptides of Ara h 2.02_P and Aa h 2.02_Hyp (B). IgE-binding
frequencies to peptides containing a hydroxyproline are depicted in (A) and (B) as black dashed line. Serum IgE
binding to a peptide was considered positive if Z-score was > 2. Identified candidate diagnostic peptides of
Arah 2.01_P (A) and Ara h 2.02_P (B) are shown as blue full bars. Candidatepeptides of Ara h 2.01_Hyp (A) and
Ara h 2.02_Hyp (B) are shown as blue dashed bars.

Results 89



In both Ara h 2.01 sequences, Arah 2.01_P and Ara h 2.01_Hyp, peptide 2 and peptide 11 could
be identified as candidate diagnostic peptides. Peptide 2 was in both cases the same pdgde
being composed of the same amino acids as it was shared by both investigated Ara 2.01
sequences. Peptide 11 of Ara h 2.01_Hyp contained, compared to peptide 11 of A&Ah 2.01_P,
hydroxyproline residues instead of proline residues (Table20). In addition, two peptide pairs
could be identified of Ara h 2.02_P and Ara h 2.02_Hyp (Figure 14B). Of Ara h 2.02_P,peptide
2 and 11 could be identified, and of Ara h 2.02_Hyp, peptide 11 and 15. Peptide 2 of
Ara h 2.02_P was the same peptide as of Ara h 2.01_P and Ara h 2.01_Hyp (Table0).
Compared to peptide 11 of Arah 2.02_P, peptide 11 of Ara h 2.02_Hyp containechydroxylated
proline residues. Interestingly, peptide 11 was in all analyzed Ara h 2 sequences the only
peptide containing two times the entire DPYSPS motif. The only difference between peptide 11
of Ara h 2.01_P/Hyp and Ara h 2.02_P/Hyp is a glutamine (Q) instead of a proline (P) in
Arah 2.02.

Table 20: Identified candidate diagnostic peptides of Ara h 2.
Amino acid sequences of identified candidate diagnostic peptides of Aa h 2.01_P, Arah 2.01_Hyp, Arah 2.02_P and
Ara h 2.02_Hyp.

szr;(:il(cjjzie Analyzed protein Amino acid sequence

Peptide 2 Arah 2.oir_apr;1/;gzh_§.01_Hyp; E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A

Peptide 11 Arah2.01_P R-D-P-Y-S-P-S-Q-D-P-Y-S-P-S-P

Peptide 11 Arah 2.01_Hyp R-D-P-Y-S- Hyp-S-Q-D-P-Y-S-  Hyp-S-P
Peptide 11 Arah2.02_P R-D-P-Y-S-P-S-Q-D-P-Y-S-P-S-Q

Peptide 11 Ara h 2.02_Hyp R-D-P-Y-S- Hyp-S-Q-D-P-Y-S-  Hyp-S-Q
Peptide 15 Ara h 2.02_Hyp P-D-R-R-D-P-Y-S-  Hyp-S-P-Y-D-R-R

1BUJFOUT *H& CJOEJOH UP JEFOUJGJFE DBOBbERBUAtc&diBgHOPTUJD Q
to the selection criteria of candidate diagnostic peptides, serum of no tolerant chid showed an

IgE binding to any of the four selected peptide pairs. In contrast, serum IgE of 13/23 (57%)

peanut-allergic children showed an IgE binding to the peptide pair (peptide 2 plus peptide 11)

of Ara h 2.01_P. The same 13 peanut-allergic children also recognized the peptidegoair of

Arah 2.02_P (peptide 2 plus peptide 11). Nine of these 13 children recognized both peptides

of the selected peptide pair in both analyzed Ara h 2.01_P and Ara h 2.02_P sequences

Individually, peptide 2 and 11 were recognized by 48% (11/23) of peanut-allergic children in

both Arah 2.01_P and Ara h 2.02_P.n Ara h 2.01_Hyp, serum IgE from a total of 16/23 (70%)

peanut-allergic children bound to the peptide pair (peptide 2 plus peptide 11). 11 of these 16
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patients recognized both peptidesand additional five patients recognized solely peptide 11
leading to an increased IgE-binding frequency of 70% (16/23) to peptide 11.

Moreover, both selected peptides of Ara h 2.02_Hyp (peptide 11 plus peptide 19 were bound
by serum IgE of 16/23 peanut-allergic patients, in total. Individually, peptide 11 and pep tide
15 of Ara h 2.02_Hyp were recognized by 16/23 patients, respectively. These 16 péents were
the same patients who also showed an IgE binding to the selected peptide pair of
Arah 2.01_Hyp.

Table 21: IgE binding of peanut-allergic and tolerant children to identified candidate diagnostic peptides of
Ara h 2.

Four peptide pairs were selectedas candidate diagnostic peptides of Ara h 2.01_P, Ara h 2.01_Hyp, Arah 2.2_P

and Ara h 2.02_Hyp, in total. X depicts positive serum IgE binding to canddate peptide; - depicts negative serum

IgE binding.
Patient Ara h Ara h Ara h Ara h Ara h Ara h Ara h Ara h
No. 2.01_P | 201_P | 2.01_Hyp | 2.01_Hyp | 2.02_P | 2.02_P | 2.02_Hyp | 2.02_Hyp
P2 P11 P2 P11 P2 P11 P11 P15
1 X X X X X X X X
2 - - - - - - - -
3 X - X X X - X X
4 - - - - - - - -
5 - - - - - - - -
6 X X X X X X X X
7 X X X X X X X X
8 X X X X X X X X
9 - - - X - - X X
10 X X X X X X X X
11 - - - - - - - -
12 X X X X X X X X
13 - - - - - - - -
14 - - - - - - - -
15 - X - X - X X X
16 - - - X - - X X
17 X - X X X - X X
18 X X X X X X X X
19 - - - - - - - -
20 - - - X - - X X
21 X X X X X X X X
22 - X - X - X X X
23 X X X X X X X X
24 - - - - - - - -
25 - - - - - - - -
26 - - - - - - - -
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27 - - - - - - - -
28 - - - - - - - -
29 - - - - - - - -
30 - - - - - - - -
31 - - - - - - - -
32 - - - - - - - -
33 - - - - - - - -
34 - - - - - - - -
35 - - - - - - - -

The molecular surface presentation of the four selected candidate diagnostic peptidepairs is

depicted in Figure 15. Figure 15A shows the surface of Ara h 2.01 and the selected catidate

diagnostic peptides, peptide 2 (cyan) and 11 (orange). In addition, Figure 15B illustrates

Ara h 2.02 and the surface presentation of selected candidate peptides, peptide 2 (cyan),
peptide 11 (orange) and peptide 15 (magenta). In Ara h 2.01 and Ara h 2.02 peptide 2 and

peptide 11 were located on opposite protein regions. Whereas in contrast, the identified peptde

pair of Ara h 2.02_Hyp (peptide 11 and 15) seemed to present two adjacent protein regions on

Arah 2.02.

A
180° 180°
Front side view Back side view Top view Bottom view
B
180° 180°
Front side view Back side view Top view Bottom view

Figure 15: Surface presentation of identified candidate diagnostic peptides of Ara h 2.

Four candidate diagnostic peptide pairs could be identified of Ara h 201_P, Ara h 2.01_Hyp, Ara h 2.02_P and
Ara h 2.02_Hyp, in total. (A) Molecular surface presentation of peptide 2 and 11 of Ara h 2.01. (B) Surface

presentation of peptide 2, 11 and 15 of Ara h 2.02. Peptide 2 is shown in ¢yan, peptide 11 in orange and peptide 15

in magenta. Images were generated using pdb 1W2Q and PyMOL.
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4.1.6 Diagnostic value of candidate diagnostic peptides in comparison to full-length peanut
proteins
An ROC curve analysis was performed to compare the diagnostic value oflentified candidate
diagnostic peptides with that of full-length recombinant peanut allergens and peanut extract.
The goal was to investigate whether peptides have a diagnostic value comparable to allerge
components in the in vitro diagnosis of peanut allergy.
For ROC curve analysis of candidate diagnostic peptides, maximum Z-scores ofllaselected
peptides were calculated for each individual patient. For this purpose, the Z-score véues were
used after subtraction of the maximum Z-score of the respective non-allergic controls.This
resulted in a total of five maximum Z-scores for each patient; onemaximum Z-score of Ara h 1
candidate peptides, one of Ara h 2.01_P candidate peptides, one of Ara h 2.01_Hypgandidate
peptides, one of Ara h 2.02_P candidate peptides and one of Ara h 2.02_Hyp aaidate peptides
(Table 22).

Table 22: Maximum Z-scores of candidate diagnostic peptides of Ara h 1 and Ara h 2.
Three peptides could be identified as candidate diagnostic peptides of Ara h 1 and four peptide pairs of Arah 2.01_P,
Ara h 2.01_Hyp, Ara h 2.02_P and Ara h 2.02_Hyp, in total. For each patien, maximum Z-scores were calculated of

the candidate peptides of each investigated sequence of Ara h 1 and Arh 2. Z-scores after subtraction of the controls

were used.
Patient Max. Z-score Max. Z-score Max. Z-score Max. Z-score Max. Z-score
No. Arahl Arah201_P | Arah2.01_Hyp Arah202_P Arah 2.02_Hyp
P17, P75, P86 P2, P11 P2, P11 P2, P11 P11, P15
1 10.12457809 24.885217 78.4649735 24.885217 82.91889279
2 -0.736457615 | -5.612952225 -5.86766421 -3.856712921 -3.211413553
3 -1.994482129 59.08290441 105.1890394 59.08290441 108.5642069
4 6.326208737 -2.174186829 | -6.529736594 -3.54256173 -3.370598332
5 -0.772796256 -5.58058368 -5.58058368 -4.016345823 -3.073446339
6 84.79687282 58.36760936 58.81588431 57.86878767 62.61335991
7 0.359229488 95.69470799 106.1378765 95.69470799 109.8149618
8 -4.268148045 61.10623904 71.14677276 61.10623904 74.63243398
9 -0.896450532 | -5.912506537 4.091164073 -3.816882925 3.656131376
10 44.84097185 77.86173548 82.48197642 77.86173548 85.92152561
11 -0.92839475 -5.508709704 | -5.850810739 -3.002554353 -2.147028281
12 68.73450625 68.56886998 72.7396908 42.40837528 76.22798679
13 -1.350007928 | -4.467335497 | -1.048484363 -2.495774503 1.642752389
14 0.151565805 -3.785217339 | -4.363661212 -2.371823791 -1.255727394
15 94.7420294 57.7869737 77.71325237 38.7617689 81.38323543
16 -0.78213749 -5.37099605 16.41596601 -3.455771856 21.69132961
17 156.20918 73.68120369 73.68120369 73.68120369 76.27500298
18 81.98156277 93.44976207 105.6427058 93.44976207 109.3633373
19 -1.290067053 | -5.432354349 | -4.325158196 -2.159810059 -1.604273017
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20 -0.65664687 -6.048067276 55.90512492 -3.611842067 23.75118361
21 35.48695418 23.16422157 22.81892271 25.5028631 26.50583576
22 2.213755576 21.04358948 81.65369551 13.36838318 85.17403264
23 76.82544973 73.82538437 75.40045852 75.01097686 79.14414255
24 -1.318952241 | -4.624911449 | -5.769823188 -3.370943809 -2.674381282
25 -5.134985571 | -3.857155314 | -3.937960277 -2.127996643 -1.111020263
26 -1.204178077 | -6.493693218 | -8.253576534 -5.046534243 -4.371282651
27 0.84955672 -5.067266426 | -5.568557787 -3.618857988 -2.95359942
28 0.241959278 -5.496051821 -5.82621013 -3.656318789 -2.954374939
29 0.192742855 -5.125513941 | -5.772635938 -3.64008616 -2.679465266
30 -0.046595008 | -5.523266941 | -4.352039899 -3.032464668 -2.44833489
31 1.006891245 -5.635144517 | -6.455953423 -3.234564066 -3.117862372
32 -0.797950948 | -5.740311195 | -6.524504949 -3.484622868 -2.951030951
33 -0.360699853 | -5.699112939 | -6.555281448 -3.529978186 -2.850839539
34 1.836338996 -5.986133695 | -6.703365933 -4.176955205 -2.726327955
35 -0.994015772 -6.05307505 -6.43796171 -4.083414897 -2.816811322

Figure 16 shows the result of the ROC curve analysis. Again, sIgE to rAra h B1, determined
by ImmunoCAP™ analysis, served as a reference, as it had the highest diagnostic value in this
study population. As already shown in Figure 5, rAra h 2.02 had, with an AUC of 0.86, so far
the highest diagnostic value of investigated recombinant proteins in immunoblot analysis. In
contrast, rAra h 1 had the lowest diagnostic value in immunoblot analysis. The same applied
for the identified candidate diagnostic peptides of Ara h 1 that had of all identified candidate
diagnostic peptides the lowest AUC (0.66) and consequently the lowest diagnostic vale in this
study population. The four identified candidate diagnostic peptide pairs of Ara h 2 had AUCs
between 0.83 and 0.90. Of these four peptide pairs, the two peptide pairs of Ara h 2.01_Hy
and Ara h 2.02_Hyp had, with AUC 0.90 and 0.87, respectively, the highest diagmstic value,
which was comparable to that of rAra h 2.02 in immunoblot analysis.

In immunoblot analysis, IgE binding to full-length rAra h 2.02 resulted in a sensitivity of 78%
at a specificity of 100%. Moreover, using a Z-score of > 2 as cut-off both peptide pairs of
Ara h 2.01_Hyp and Ara h 2.02_Hyp showed a sensitivity of 70% and a specificity of 100%
comparable to that of rAra h 2.02 in immunoblot analysis. In comparison, ImmunoCAP™ using
rAra h 2.01 reached at a sensitivity of 96% a specificity of 92% in this study population.
Consequently, three reagents with a high diagnostic value could be identified, namely
rAra h 2.02 in immunoblot and both peptide pairs of Ara h 2.01_Hyp and Ara h 2.02_Hyp in
multipeptide microarray analysis, which should be compared in detail with the reference

rAra h 2.01 used in ImmunoCAP™ analysis.
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The comparison revealed that almost all (22/23) peanut-allergic and just one tolerant patient
showed a sensitization to rAra h 2.01 according to ImmunoCAPM analysis. In immunoblot and
microarray analysis, no tolerant patient showed an IgE binding to full-length rAra h 2.02 and
to the two candidate diagnostic peptide pairs of Ara h 2.01_Hyp and Ara h 2.02_Hyp,
respectively. Comparing ImmunoCAPM with immunoblot revealed that rAra h 2.01 in
ImmunoCAP™ was more sensitive compared to rAra h 2.02 in immunoblot (96% vs. 78%) and
performed almost perfectly. Nevertheless, a positive sensitization of paent 11 could only be
detected with rAra h 2.02 in the immunoblot analysis. In addition, comparing the IgE binding
to rAra h 2.02 (18/23 peanut-allergic children) with the IgE binding to the two candidat e
diagnostic peptide pairs of Ara h 2.01_Hyp and Ara h 2.02_Hyp (16/23 peanut-allergic children,
respectively) revealed that serum IgE of patients 5, 11, 19 bound only to full-length rAra h 2.02
used in immunoblot analysis. Whereas serum IgE of patient 16 bound only to peptides
containing hydroxylated proline residues of Ara h 2.01_Hyp and Ara h 2.02_Hyp.

Summing up, despite the fact that different methods were compared for their diagnostic value
in ROC curve analysis in this study, it could be shown that two peptide pairs ofAra h 2.01_Hyp
and Ara h 2.02_Hyp could be identified that had a diagnostic value comparableto that of full-
length rAra h 2.02 used in immunoblot analysis. Furthermore, it could be shown that proline
hydroxylation had a positive impact on the diagnostic sensitivity and accuracy. These results

should be taken into account in further investigations.
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Figure 16: Receiver operating characteristic (ROC) curve analysis of sIgE to  peanut extract, full-length
recombinant proteins and identified candidate diagnostic peptides.

ROC curves of sIgE to peanut extract (black), rAra h 2.01 (orange) deermined by ImmunoCAP™ analysis (9 and to

rAra h 1 (red), rAra h 2.01 (green) and rAra h 2.02 (blue) quantified by immunoblot analysis (. Performance of
identified candidate diagnostic peptides of Arah 1, Arah 2.01_P, Arah 2.aL_Hyp, Arah 2.02_P and Ara h 2.02_Hyp
are depicted in yellow, purple, pink, cyan and brown, respectively. For ROC curve analysis, InmueCAPM sIgE
values > 100 kU /L were set to 100 kUa/L and the sIgE levels quantified by means of immunoblot analysis were
subtracted by two times the respective sIgE level of the non-allergic catrol serum. For ROC curve analysis of
candidate diagnostic peptides, calculated maximum Z-scores were used. Z-sces were determined by microarray
analysis (). The gray diagonal line (AUC 0.5) represents a test without discriminatory ability. AUC, area under the

ROC curve; ClI, confidence interval.

Finally, as the number of some candidate diagnostic peptides could be further narrowedwhile
maintaining the specificity and sensitivity at a cut-off of Z-score > 2, the influ ence of narrowing
on the respective AUC was investigated. Peptide 2 and peptide 11 of Ara h 2.01_Hyp reached
together a sensitivity of 70% and a specificity of 100%. Peptide 11 alone showed thesame
sensitivity and specificity pair and revealed an AUC of 0.89, which was comparable tothat of
both initially identified candidate diagnostic peptides of Ara h 2.01_Hyp (AUC 0.90). The same
applied for peptide 15 of Ara h 2.02_Hyp, where ROC curve analysis revealed an AUGf 0.86,

which was also comparable to that of both selected candidate diagnostic peptides (AU®.87).
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In contrast using solely peptide 11 of Ara h 2.02_Hyp a slightly lower AUC (0.84) was obtained

(data not shown).

4.1.7 Relevance of linear and conformational IgE epitopes

For the development of safe hypoallergenic immunotherapeutic approaches, it is inportant to

know the contribution of linear and conformational IgE epitopes. Therefore, whole p eanut
extract was reduced and alkylated and Ara h 2, the major allergen in this study population, was
analyzed for its IgE-binding capacity in comparison to native Ara h 2 (Figure 18).

Mass spectrometry analysis confirmed the identity of Ara h 2 and Ara h 6 in bdh extracts
(Figure 17, Table 23). In the native peanut extract (lane 1 Figure 17) three bands were
analyzed. MS analysis identified unequivocally Ara h 2.0201 and Ara h 2.0101 inbands 1 and
2, respectively. Moreover, in band 2 peptides belonging to Ara h 2.0201 and Arah 6 were
additionally identified. Band 3 of the native peanut extract contained Ara h 2.0201 as well as
Ara h 6. In the reduced/alkylated peanut extract (lane 2 Figure 17) MS analysis identified in

band 4, 5 and 6, which correspond to band 1, 2 and 3 of the native peanu extract, Ara h 2.0201,

Ara h 2.0101 and Ara h 6, respectively.

However, as in bands 3, 4 and 5 only C-terminal peptides were detected, the presencefathe
variants Ara h 2.0102 and Ara h 2.0202 described by Haleset al. in 2004 cannot be confirmed
or excluded (Hales et al. 2004). Sequence alignment of the Ara h 2 sequences destred by
Haleset al. and identified isoform-specific peptides are shown in the appendix (Figure A22 and
Table A52). The shown MS data only allowed the conclusion that either Ara h 2.0201 or
Arah 2.0102 is present. The same applied for Ara h 2.0101 or Ara h 2.0202.

On the other hand, the reported Ara h 2 sequences by Hales and co-workers were ngbroven
to exist at the protein level and are not registered by the IUIS allergen nomenchture sub-
committee. Accordingly, we strictly referred throughout the entire study to the IUIS database
entry Ara h 2.0101 and Ara h 2.0201 even though Ara h 2.0102 and Ara h 2.0202 would in

many cases match our data as well.
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Figure 17: SDS-PAGE of native and reduced/alkylated peanut extract for MS analysis.

Lane 1, native peanut extract; lane 2, reduced/alkylated peanut extract. Sampleswere analyzed under reducing

conditions. Bands 1-6 were analyzed by Mass spectrometry. M, Spectfd' Multicolor Broad Range Protein Ladder.

Table 23: Identification of Ara h 2 and Ara h 6 in peanut extract.

Band | Acc.No. GB | Acc. No. UP Description S P C E
1 | AAN77576 | Q6PSU2* Conglutiﬁﬁ Zégﬁiglhypogaea 6588 | 12 | 47.1 | 6.4
2 | AAK96887 | QBPSU2* Conglutiﬁ? Zégﬁiglhypogaea 12146 | 14 | 73.2 | 6.6
2 | AANTTSTE | QePSUZt | oo 10 Zégsiglhypogaea 10006 | 13 | 50.0 | 6.9
2 | AAD56337 | Q647G9 Congluﬁr:a,;:(;gilsor%ypogaea 2005 | 9 | 46.9 | 3.7
3 | AAN77576 | QB6PSU2* Conglutiﬁﬁ Zégﬁiglhypogaea 3879 | 7 | 285 | 9.1
3 | AAD56337 | Q647G9 COngluﬁ;a/SaGégilsoﬁypogaea 14300 | 15 | 58.0 | 4.7
4 | AAN77576 | Q6PSU2* Conglutiﬁﬁ Zégﬁiglhypogaea 3924 | 10 | 36.0 | 4.1
5 | AAK96BS7 | Q6PSUZ* | o ti’:? Zégﬁglhypogaea 6404 | 10 | 47.0 | 5.0
6 | AAD56337 | Q647G9 COnglutAi;aAr;aGéEilsO&ypogaea 439 | 4 | 241 | 4.8

Acc.No. GB, accession number of GenBank; Acc.No. UP, accession numlztUniprot; *isoforms were collapsed into

one UniProt entry only; S, PLGS protein score; P, number of identified peptides; Cprotein sequence coverageé; E,

precursor RMS mass error [ppm].

Nevertheless, based on their reported molecular weights and published data fromChen et al. it
was assumed that band 1 and 4 contained Ara h 2.02 (~19 kDa), band 2 and 5 Ara h 201
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(~17 kDa) and band 3 and 6 Ara h 6 (~15 kDa) (Chen et al. 2013). Thus, in the following
immunoblot shown in Figure 18 the upper, the middle and the lower of the t hree bands in both
extracts will be referred to as Ara h 2.02, Ara h 2.01 and Ara h 6, respecively.

According to Figure 18, peanut-allergic children showed a strong IgE binding to native peanut
extract, which was especially pronounced in the area of the 2S albumins Ara h2.01 and
Arah 2.02.

Moreover, IgE immunoblot analysis of native (n) and reduced and alkylated (r/a) peanut
extract showed that serum IgE of 16/23 (70%) peanut-allergic children (patient 1, 3, 6, 7, 8,
10, 12, 15, 16, 17, 18, 19, 20, 21, 22 and 23) still showed IgE binding to Ara h 2.02 and
Ara h 2.01 after reduction and alkylation. Of these 16 children, twelve children (patient 3, 6 , 7,
8, 10, 12, 15, 17, 18, 21, 22 and 23) showed significant IgE binding to r/a Ara h 2.01 and
r/a Ara h2.02. Patients 3 and 8 did not even show a change in IgE binding after reduction and
alkylation. Serum IgE of the remaining four allergic patients showed a reduced IgE-bnding
capacity. In 5/23 (22%) peanut-allergic children (patients 2, 4, 5, 9 and 13) and in peanu t-
tolerant child 25 reduction and alkylation resulted in a complete loss of IgE binding to both
Ara h 2 isoforms. For patients 11 and 14 hardly any IgE binding to peanut extrad could be
observed at all, comparable to the majority of peanut-tolerant children. In additio n, as Arah 1
is not stabilized by disulfide bonds, reduction and alkylation did not affect its secondary
structure (van der Kleij et al. 2019) and thus had no impact on its IgE-binding capacity
(Figure 18, band ~70 kDa).

However, reduction and alkylation of Ara h 6 resulted in all children (allergic a nd tolerant) in
a complete or major loss of IgE binding.

In general, IgE binding to r/a Ara h 2 was in good agreement with the detected IgE binding to
Ara h 2-derived peptides. Serum IgE of peanut-tolerant children bound neitherto any Ara h 2-
derived peptide nor to r/a Ara h 2. Except for peanut-allergic patients 9 and 19, IgE binding to
r/a Ara h 2 was in complete accordance with the microarray analysis. Patieh9 recognized few
Ara h 2-derived peptides, however showed hardly any IgE binding to r/a Ara h 2. For patient
19 the opposite could be observed. This patient showeda weak IgE binding to r/a Ara h 2, but
no binding to Ara h 2-derived peptides.
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Figure 18: Serum IgE binding to native and reduced/alkylated peanut extract.
IgE binding of sera 1-35 (Table 14) to native (n) and reduced and alkylated (r/a) peanut extract. Peanut extracts were analyzed under reducing conditions. The detection after 1 min

of exposure is shown. Arrows indicate Ara h 2.02 (~19 kDa), Ara h 2.01 (~17 kDa) and Ara h 6 (~15 kDa). M, Spectra ™ Multicolor Broad Range Protein Ladder; P, total protein

stained with Ponceau S; N, non-allergic control serum.



4.1.8 Biological IgE reactivity of conformational and linear IgE epitopes

To determine the biological IgE reactivity of linear IgE-binding epitopes of Ara h 2, a mediator
release assay was performed. The mediator release assay should give additional knowlgé
about the influence of proline hydroxylation on the allergenicity of linea r IgE epitopes of Arah 2.
Therefore, rAra h 2.02 not undergoing proline hydroxylation was reduced and alkylated and
compared for its allergenicity with two linear DPYSPS-containing 27-mer peptides. Oneof the
two 27-mer peptides contained hydroxylated proline residues (27-mer peptide P°"), the second
only proline residues (27-mer peptide P). The loss of the secondary structure of r/arAra h 2.02
was confirmed by CD spectroscopy (see appendix Figure A24). A minimum at 200 nm instead
of the typical =helical two minima (208 nm and 222 nm) as shown in Figu re 2 for properly
folded rAra h 2.01 and rAra h 2.02, revealed the unfolding of r/a rAra h 2.02. In addition, both
27-mer peptides presented no secondary structure elements (appendix Figure A24). Moreover,
as expected, reduction and alkylation of rAra h 1 had no influence on its secondary structure.
The CD spectrum of r/a rAra h 1 (appendix Figure A24) was almost identical to untreated
rAra h 1 shown in Figure 2.

After confirming an unfolded state of r/a rAra h 2.02 and the absence of secondary strudure
elements in 27-mer peptides, three serum pools composed of peanut-allergic patients wh
similar IgE-binding characteristics were generated. Serum pool 1 was composed of @anut
patients 3 and 17. Both allergic patients showed a serum IgE binding to rAra h 2and nAra h 2
as well asto r/a nAra h 2. In addition, in these two patients proline hydroxyla tion was necessary
to induce positive serum IgE binding to peptides containing the DPYSPS motif (peptides 9-14
of Ara h 2.01_Hyp and peptides 9-17 of Ara h 2.02_Hyp). Furthermore, both patients
recognized peptide 2 and patient 17 additionally recognized peptide 3. Serum pool 2included
patients 6-8, 10, 12, 15, 18, 21-23. These patients showed, in agreement with patents of pool 1,
serum IgE binding to rAra h 2, nAra h 2 and r/a nAra h 2. However, in contrast to serum pool 1,
patients of pool 2 recognized the DPYSPS motif with and without hydroxyproline residues.
Furthermore, the great majority of patients of pool 2 recognized peptide 2 (8/10 patients) and
6/10 patients recognized other Ara h 2-derived peptides. In contrast to both serum pools 1 and
2, serum pool 3 was composed of patients showing no IgE binding to Ara h 2-derived pgptides.
Patients of serum pool 3 (patient 2, 4, 5, 13 and 19) showed no or weak seum IgE binding to
rAra h 2 (with the exception of patient 19). Furthermore, the se patients recognized nAra h 2,
whereas reduction and alkylation of peanut extract resulted in a loss or at least a strong
reduction in the serum IgE binding to r/a nAra h 2 in these patients.

The mediator release of RBL cells sensitized with serum pools 1-3 is shown in Figure 19As

negative control, cells were additionally sensitized with non-allergic control serum N. None of
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the tested molecules triggered mast cell degranulation from cells sensitized with control serum
N (data not shown).

As expected, cells sensitized with serum pool 3 showed only a mediator release whestimulated
with native/untreated peanut extract and properly folded rAra h 2.02 (Figure 19C). For these
patients proper folding of Ara h 2 is mandatory to induce mast cell degranulation demonstrating
that these patients are sensitized to conformational epitopes on Ara h 2. In additon, the lack of
a mediator release when cells were stimulated with r/a peanut extract or rAra h 1 showed that
the whole IgE reactivity/allergenicity of peanut extract was caused by conformational IgE-
epitopes of Ara h 2 (and potentially of Ara h 6) in these patients.

In contrast, when RBL cells were sensitized with serum pool 2 it could be shown that linear IgE
epitopes of Ara h 2 were able to induce a mast cell degranulation (Figure 19B).The linear 27-
mer peptide containing hydroxylated proline residues (27-mer peptide P°") could induce a
maximum mediator release of ~70%, which was comparable to the maximum release induced
by rAra h 2.02. In contrast, the 27-mer peptide without hydroxylated proline residues (27-mer
peptide P) and r/a rAra h 2.02 did not show any or at least a strongly reduced allergenic activity.
The 27-mer peptide P°" displaying linear IgE-epitopes showed a potency comparable to
rAra h 2.02 displaying conformational IgE epitopes. However, considering the molar ratio of
both (~1:5), both mediator release curves are separated by a factor of ~10 showing that, at
the molar level, rAra h 2.02 was tenfold more IgE reactive than the 27-mer peptide P".
rAra h 2.02 showed, compared to rAra h 1, a 100 times higher allergenic activity. Canparable
to the unaffected IgE-binding capacity of Ara h 1 shown in Figure 18, reduction and alkylation
also had no impact on the allergenicity of rAra h 1 (Figure 19B and 19C).

Due to low serum availability, cells sensitized with serum pool 1 could not be investigated with
all antigens (Figure 19A). Based on the illustrated curves it can be seen that, altough
rAra h 2.02 was ~1000 times more IgE reactive, the 27-mer peptide P°H can still trigger a mast
cell degranulation. Comparable to serum pool 2, the 27-mer peptide P couldnot induce a
mediator release. r/a rAra h 2.02 did not show any allergenic activity in serum pool 1, whereas
in serum pool 2 a very weak mediator release could be detected, caused by additional liner

IgE epitopes on Ara h 2.
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Figure 19: Mediator release induced by peanut extract, recombinant peanut allerge
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Rat basophilic leukemia cells were sensitized with either serum pool 1 (A), serum pool 2 (B) or serum pool 3 (C)

and the mediator release induced by native peanut extract (black line, diamond), r/a peanut extract (black line,

circle), rAra h 1 (red line, diamond), r/arAra h 1 (red line, circle), rArah 2.02 (blue line, diamond), r/a rAra h 2.02

(blue line, circle), 27-mer peptide PCH (cyan line, diamond) and 27-mer peptide P (pink line, diamond) was

determined. Serum pool 1 was composed of peanut patients 3 and Z, pool 2 of patients 6-8, 10, 12, 15, 18, 21-23

and pool 3 of patients 2, 4, 5, 13 and 19.
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4.2 Pea project

4.2.1 Study population

In total, sera from nineteen children were included in this project based on a pea-specific IgE
level of «0.35 kUA/L. Patients characteristics are summarized in Table 24. Fourteen children
were allergic to pea (patients 1-14) and five children (patients 15-19) were sensitized but
clinically tolerant. Clinically relevant pea allergy was diagnosed according to a convncing
history (10/14 pea-allergic children) or by oral food challenge (5/14 pea-allergic children). For
patient 4, clinical evidence of pea allergy was given by history and food chdlenge. Pea allergy
was excluded in 3/5 tolerant children according to a convincing history and in 2/5 children b y
oral food challenge. Pea related allergy symptoms ranged from mild (grade I) to severe
(grade 1V). Both pea study groups were composed of young children. The median age bpea-
allergic children was 4 years (range 145 years) and of tolerant children 7 years (range 2-
12 years). Pea-specific IgE ranged from 0.94 to 92.30 kU/L in pea-allergic children (median

6.02 kUA/L) and from 0.40 to 3.96 kU /L in pea-tolerant children (median 1.27 kU A/L).

Table 24: Clinical characteristics of the pea study population.

Patients allergic to pea (patients 1-14) and patients sensitized to pea without clinical symptoms (patients 15-19).

Patient - . Symptoms to Severit Total IgE PeaslgE
No. Age (y)*/sex | Clinical evidence y ppea grading); (kUA/Lg) . (kUA/L% .
1 3/m History F, PU I 2239.0 92.30
2 15/m History Em, N Il n.d. 5.50
3 1/f History U, AE Il 104.0 32.10
4 2/m History/OFC FIGU I/ 226.0 54.70
5 3/m OFC GU Il n.d. 1.95
6 12/f History AE, Em Il n.d. 1.52
7 2/m History AE Il n.d. 1.21
8 4/m DBPCFC PU, P,R i n.d. 45.30
9 1/f OFC F,C,R i n.d. 0.94
10 6/m OFC PU, R, IT i n.d. 8.89
11 6/m History Em, GU, W, D \% 141.0 23.10
12 7If History N Il 459.0 5.14
13 4/m History AE Il n.d. 2.12
14 2/m History Em, SA Il 2748.0 6.53
15 2/m History none - 2813.0 1.27
16 12/m OFC none - n.d. 3.96
17 7/m DBPCFC none - 152.0 1.02
18 2/m History none - 64.6 0.40
19 8/m History none - 7663.0 3.59

*Age at time of blood sampling; f, female; m, male; n.d., not determined ; DBPCFC, double-blind placebo-controlled
food challenge; OFC, open food challenge; AE, angioedema; C, conjurivitis; D, dyspnea; Em, emesis; F, flush; GU,
generalized urticaria; IT, itching throat; N, nausea; P, pruritus; PU, perioral urtic aria; R, rhinitis; SA, stomach ache;
U, urticaria; W, wheezing; #severity grading according to the grading system developed by Sampsor{Sampson
2003); Ydetermined by ImmunoCAP™,
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4.2.2 Generation and physicochemical characterization of rPis s 1, rPAL1 and rPA2
Comparable to the peanut project, cDNA sequences encoding rPis s 1, rPAL and rPA2 (appdix
Figure A6, A8 & A9) could be successfully cloned into pPICZA and afterwards integrated into
P. pastorisgenome. Recombinant PA1 and PA2 were successfully expressed usifgchia pastoris
without any optimization strategies. However, the expression of full-length rPis s 1 in
Pichiapastorisfailed and resulted in two truncated proteolytic products (appendix Figure A12).
MS analysis identified the ~20 kDa and the ~27 kDa proteolytic products as N - and C-terminal
fragments of rPis s 1, respectively (data not shown). In addition, a paential cleavage site at
K168 and R187 (referring to the UniProt protein sequence) could be identified by MS analysis.
However, despite several optimization strategies such as the addition of proteae inhibitors or
the use of P. pastorisSMD1168H protease-deficient strain, rPis s 1 could not be expressed as
full-length protein in Pichia pastors. Consequently, rPis s 1 was finally expressed in
Escherichiecoli. Recombinant PA1 was expressed as proprotein composed of two chains linked
by a propeptide (6 amino acid residues). Furthermore, rPAL1 contained an additional amino-
terminal propeptide (8 amino acid residues). For sequence information of rPALl see Figure A8
in the appendix.

rPA1l and rPA2 were secreted intoPichia pastoriscell culture supernatant and rPis s 1 was
expressed inE. coliinclusion bodies. The three pea proteins were subsequently purified via their
His-tag using IMAC. After IMAC, rPA1 and rPA2 were further purified by SEC. Compared to the
7S globulin rPis s 1 that needed a high salt concentration (500 mM NacCl) to stay solible, the
pea albumins PA1 and PA2 could be stored at low salt concentrations (10 mM NacCl) After
purification, mass spectrometry analysis confirmed the identity of rPis s1, rPALl and rPA2. The
determined sequence coverages for rPis s 1, rPAL1 and rPA2 were 83.1%, 18.4% and 83.8%,

respectively (Table 25).

Table 25: Identity confirmation of recombinant pea proteins by mass spectrome try analysis.
. Accession | PLGS protein | Number of identified Sequence
Protein . Mass error*
number # score peptides coverage
rPiss 1 PEI112 26020 51 83.1% 5.9
rPAL PEIO81 1683 2 18.4% 8.8
rPA2 PEIO80 13291 32 83.8% 4.4

#PH, internal accession number; *precursor RMS mass error [ppm].

The purity of the three recombinant pea proteins was analyzed on Coonassie-stained SDS-PAGE
(Figure 20A). As shown in Figure 20A lane 1-3, IMAC with or without subsequent SEC resulted

in highly pure recombinant protein preparations. Secondary structure integrity of recombinant
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pea proteins was analyzed by CD spectroscop (Figure 20B). The CD spectrum of rPis s 1
indicated predominant -sheet conformation as a minimum at~215 nm and a maximum at
~198 nm could be detected. In contrast, the CD spectrum of rPA1l had two minima at
approximately 208 and 222 nm and a maximum at 197 nm. This CD spectrum wascomparable
to the CD spectra of both Ara h 2 isoforms (Figure 2) and was indicative fa an =helical protein.
While a native-type secondary structure could be detected for rPis s 1 and rPAlthe CD
spectrum of rPA2 showed a high content of unstructured protein. Moreover, using dynamic
light scattering hydrodynamic radii of 5.1 £ 0.7 nm, 3+ 0.7 nm and 14.8 + 1.6 nm could be
determined for rPis s 1, rPALl and rPA2, respectively (inset Figure20B). The determined
hydrodynamic radii of rPis s 1 and rPAL1 indicated a possibly trimeric protein and a monomeric
protein in solution, respectively. In contrast, the Ry of rPA2 indicated a strong tendency to

oligomerization.
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Figure 20: Purity and physicochemical characterization of rPis s 1, rPA1 and rPA2.

(A) Coomassie-stained SDS-PAGE of rPis s 1 (lane 1; 2 pg/cm), rPA1 (lane 2; 2 ug/cm) andrPA2 (lane 3; 4 pg/cm).
Protein samples were analyzed under reducing conditions. M, low-molecular weight maker. (B) Far-UV CD-spectra
(195-255 nm) of rPis s 1 1 (solid line), rPA1 (dotted line) and rP A2 (dashed line). Samples were measured at 4 pM,
11 pM and 6 puM, respectively. The inset depicts the hydrodynamic radius (Ri) + SD.

4.2.3 Relevance of Pis s 1, PA1 and PA2

As currently serological diagnosis of pea allergy is solely based on pea total tein extract due

to a lack of single pea allergen components, the relevance of Pis s 1PA1 and PA2 was
investigated. Therefore, IgE immunoblot and IgE immunoblot inhibition analyses as well as a

mediator release assay were performed.
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Initially, pea-allergic and sensitized but tolerant children were analyzed for their serum IgE

binding to rPis s 1, rPAL and rPA2 in immunoblot analysis (Figure 21). Due to no significant

sequence similarity, rPA1 and rPA2 were analyzed simultaneously for their IgE binding in one
lane (Figure 21B).

Compared to pea-tolerant children, allergic children showed strong IgE binding to rPis s1. In

addition, serum IgE binding to degradation products of rPis s 1 could also beobserved (Figure
21A, open triangle). In contrast, with the exception of patient 1, neither allergic nor tolerant

patients showed IgE binding to rPA1 and rPA2.

Consequently, as relevant IgE binding could only be detected to rPis s 1 (Figure 21A), compieed

to rPA1 and rPA2 (Figure 21B), only rPis s 1 sIgE levels were densitometrically quantified.
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Figure 21: Serum IgE binding of pea-allergic and sensitized but tolerant children to rPis s 1, rPAl and rPA2.
IgE binding of sera from pea-allergic children (lane 1- QBUJF O UT4 agdei®iBg to Table 24) and tolerant
children (lane 15- QB UJF O UT acecsdihg to Table 24) to rPis s 1 (A) and to rPA1 and rPA2 (B after 30 sec
and 5 min exposure, respectively. Protein samples were analyzed under reducig conditions. (A) filled triangle, full-
length rPis s 1; open triangle, degradation products of rPis s 1. (B) filed triangle, rPA2; open triangle, rPAL. M, low-
molecular weight marker; P, total protein stained with Ponceau S; N, non-allergic control serum; N1 or N2, non-

allergic control serum on membrane 1 or 2.
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As the commercially available ImmunoCAPM does not contain Pis s 1, the standard for
guantifying rPis s 1 sIgE was missing in this project. Therefore, a different strategyfor the
quantification of the rPis s 1 sIgE level was developed based on the IgE immunoblot inhibition
shown in Figure 22. In this immunoblot, IgE binding to pea total protein extract was inhibited
by the addition of rPis s1.
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Figure 22: IgE immunablot inhibition using rPis s 1.

IgE immunoblot of sera from pea-allergic children (patients 1-14) and pea-tolerant children (patients 15-19) to pea
extract. Pea extract was analyzed under reducing conditions. The detectiorafter 1 min of exposure is shown. Serum
samples were preincubated with rPis s 1 (+) or untreated (-). Arrows illustrate full-le ngth Pis s 1 and its proteolytic
subunits (< 30 kDa). M, low-molecular weight marker; P, total protein stained with Po nceau S; N1 and N2; non-

allergic control serum (N) used on membrane 1 and 2, respectively.
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Using densitometric quantification relative to uninhibited pea total protein, percent inhibition
was calculated for each patient (Table 26, column 2). The inhibition analysis will be discussed
in detail later, first the quantification of rPis s 1 sIgE will be described in more detail .

As shown in Figure 22 and Table 26 (column 2), rPis s 1 completely inhibited IgE binding to
pea total protein in patients 3, 11 and 14. Accordingly, IgE binding to pea total protein was
merely related to Pis s 1, and sIgE to pea extract could be considered idemtal to sIgE to rPiss1
in these patients. Using these three assumed rPis s 1 sIgE values (32.10, 23.10 and 6l&JA/L)
and the corresponding densitometric signal intensities of the immunoblot (Figure 21A), a linear
regression was performed and the resulting calibration line was used to determine the rPis sl
slgE levels of all sera. Resulting rPis s 1 sIgE levels of pea-allergic and tolerant childreand of
the non-allergic control serum N used on both membranes (N1 and N2)are shown in Table 26

(column 3).

Table 26: Percent inhibition of IgE binding to pea total protein by rPis s 1, quantified rP is s 1 sIgE levels and
pea slIgE levels of pea-allergic and tolerant children.
N1 and N2, non-allergic control serum on membrane 1 and 2, respectively. Patients 1-7 were analyzed for their IgE

binding to rPis s 1 on membrane 1 and patients 8-19 on membrane 2.

Patient No. | % IgE inhibition of pea extract by rPiss 1 P| rPiss 1 sIlgE (kU /L) P | Pea sIgE (kUa/L) ¢
1 39.07 42.740 92.30
2 19.08 11.797 5.50
3 96.55 29.788 32.10
4 60.59 45.588 54.70
5 n.d. 8.001 1.95
6 n.d. 8.426 1.52
7 n.d. (5.149) 1.21
8 57.91 23.659 45.30
9 26.07 (4.985) 0.94
10 81.62 16.115 8.89
11 98.17 22.518 23.10
12 0 (5.567) 5.14
13 n.d. 6.249 212
14 99.93 6.146 6.53
15 n.d. (5.155) 1.27
16 65.61 6.879 3.96
17 0 (5.556) 1.02
18 n.d. (5.107) 0.40
19 n.d. (5.197) 3.59
N1 n.d. 4.857 n.d.
N2 n.d. 4.914 n.d.

determined by ImmunoCAP™; Rietermined by immunoblot analysis; n.d., not determined; () sIgE levels in

parenthesis are below method cut-off (LOD).
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As in the peanut project, serum IgE binding in immunoblot (Figure 21) was considered positive
when the quantified specific IgE level (kUa/L) exceeded the respective calculated limit of
detection (LOD).

Using two times the densitometric signal intensity of the non-allergic control serum N inserted
into the linear regression equation and resolved for sIgE, the LOD was calculated. This rgulted
in a LOD1 of 5.889 kU/L for patients 1-7 and in a LOD2 of 6.005 kUA/L for patients 8-19.
Considering the respective LOD, serum IgE of 11/14 (79%) pea-allergic children and of 1/5
(20%) pea-tolerant children bound to rPis s 1. In pea-allergic children, rPis s 1 sIgE levels
(> LOD) were elevated ranging from 6.15 to 45.59 kUA/L (median 16.12 kU 4/L). In contrast,
only tolerant patient 16 displayed sIgE binding to rPis s 1 of 6.88 kUa/L.

The elevated rPis s 1 sIgE levels in pea-allergic patients correlated well with the eleated pea
extract sIgE levels. As shown in Figure 23, a linear correlation (R=0.8171) between sIgE to
pea extract and sIgE to rPis s 1 (> LOQ) was observed. Depending on the resgctive immunoblot
NFNCSBOF -02 T P& (LOQ1 o8 patients 1-7) and of 8.185 kU »/L (LOQZ2 for

patients 8-19) were calculated and used as cut-off for inclusion in the correlation analysis.

Cut-off ImmunoCAP™

v

60 - y=0.4141x + 10.973
R2=0.8171

rPis s 1 sIgE [KWy/L] P

LoQ
LoD

0 10 20 20 40 50 60 70 80 % 100
Pea extract sIgE [KW/L] ¢
Figure 23: Correlation analysis between pea extract sIgE levels and rPis s 1 slg  E levels.
Correlation analysis was performed between pea extract sIgE levels and rPis s 1 sIgE levels > limit of qudification
(LOQ). Retermined by immunoblot analysis; Hetermined by ImmunoCAP™:; dotted line, cut-off of ImmunoCAP ™
(0.35 kU 4/L); dashed and single dotted line, mean of LOD1 and LOD2 (mean LOD= 5.95 kUx/L). Dashed line, mean
of LOQ1 and LOQ2 (mean LOQ=8.07 kUx/L). For correlation analysis, the respective membrane specific LOQ values

were used R?, coefficient of determination.
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In the following, the relevance of Pis s 1 and its contribution to the IgE-binding capacity of pea
total protein will be discussed in more detail using the IgE immunoblot inhibitio n and the
calculated inhibition capacity (Figure 22 and Table 26).

In pea-allergic patients 3, 10, 11 and 14, rPis s 1 was able to inhibit IgE bnding to pea total
protein extract almost completely. A partial inhibition of serum IgE binding could be ob served
in pea-allergic patients 1, 2, 4, 8, 9 and in pea-tolerant patient 16. In contrast, no inhibition
could be observed in pea-allergic patient 12 and in pea-tolerant patient 17. Serum IgE of ga-
allergic patients 5, 6, 7 and of pea-tolerant patients 15, 18, 19 did not show a detectable binding
to pea extract in immunoblot analysis which correlated with low levels of pea extract silgE
(Figure 22 and Table 26). Consequently, no percent inhibition could be calculated for these
patients, as well as for patient 13, for whom due to high background signal intensity after the
addition of rPis s 1 no calculation was possible. In the remaining twelve patierts (patients 1, 2,
3,4,8,9, 10,11, 12, 14, 16, 17), rPis s 1 inhibited on average 53.72%of the serum IgE binding
to pea extract. For pea-allergic children the calculated average inhibition was 5790%.

rPis s 1 was also able to inhibit IgE binding to pea extract in the lower molecular weight range
between 10 and 30 kDa in several patients (patients 1, 3, 4, 8, 10, 11 and 14) The reason for
this is the post-translational proteolytic cleavage of natural Pis s 1 in peaextract leading to
fragments of 12.5 to 36 kDa (Gatehouse et al. 1982; Sanchez-Monge et al. 2004}hat could be
fully or partially inhibited by rPis s 1.

In addition, rPis s 1 could also inhibit serum IgE binding to a pea protein located between 70
and 80 kDa (Figure 22; patients 3, 4, 10 and 11). This protein might be either a dimer of Piss 1
or potentially Pis s 2. However, in patients 1 and 16 no inhibition could be observed in this
molecular weight range leading to a detectable IgE binding even after the addition of rPis s 1.
Moreover, after the addition of rPis s 1, only two patients (patients 1 and 16) still showed an
IgE binding to pea proteins located in the lower molecular weight range (< 25 kDa) where MS
spectrometry analysis confirmed the presence of PA1l isoforms and PA2 (Figure 24 and
Table 27). Alignment of individual PAl isoform sequences and detected isoform-specific
peptides are shown in the appendix, in Figure A23 and Table A53, respectively. In addition,MS
analysis identified in contrast to published data nPA1 as a proprotein versioncontaining the

propeptide linking both PA1 chains (appendix Figure A23 and Table A53).
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Figure 24: SDS-PAGE of pea extract for MS analysis.
Pea extract (lane 1) was analyzed under reducing conditions. Bands 1-4were analyzed by mass spectrometry. M,

Spectra™ Multicolor Broad Range Protein Ladder.

Table 27: Identification of PA1 and PA2 in pea extract.

Band Acc. No. UP Description S P C E
1 PO8688 A2 pearm <ativum 4819 | 14 | 736 | 2.2
2 P08688 Albumin-2||33/ib\szum sativum 10881 14 60.6 1.7
3 P08688 Albumin-2|I33l?\S2um sativum 21719 15 74.9 24
3 P62929 Albumin-1 II:;)AFl’iEum sativum 521 2 19.2 1.2
4 P08688 Albumin-2||33/ib\szum sativum 18926 12 67.1 14
4 P62929 Albumin-1 I;A;igum sativum 5376 3 36.9 2:2
4 P62930 Albumin-1 I:I;A‘F}isEum sativum 3645 2 24.6 1.0
4 P62928 Albumin-1 |:()Z'A‘F}is(fjm sativum 3231 1 6.9 4.1

Acc.No. UP, accession number of Uniprot; S, PLGS protein score; P, numab of identified peptides; C, protein

sequence coverage %; E, precursor RMS mass error [ppm].

Furthermore, an IgE immunoblot inhibition was performed to identify the pe a protein ~14 kDa
that still showed an IgE binding after the addition of rPis s 1 (appendix Figure A25). Therefore,
serum from patients 1 and 16 as well as a PEl-internal serum (PEI131) from a patientsensitized

to peach Pru p 3, a non-specific lipid-transfer protein (nsLTP) showing high sequace homology
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to nsLTP from pea (Pis s 3), was used. By using rPA1 and natural Pru p 3 ashibitors, it should

be investigated whether the pea protein with a molecular weight of ~14 kDa was possibly PA1
or Pis s 3. However, the pea protein (~14 kDa) could not be inhibited in its IgE binding by

either rPAL or natural Pru p 3 in both pea patients (appendix Figure A25). In addition, serum
PEI131 also showed IgE binding to this ~14 kDa pea protein and to an additional pea protein
below (appendix Figure A25C). Using natural Pru p 3 as inhibitor, the second pea protein kelow
14 kDa could be inhibited indicating that pea nsLTP (Pis s 3) was presumably present inthe
investigated pea total protein extract.

Thus, the inhibition experiment shows that low molecular weight proteins, including P Al, PA2
and Pis s 3, that are not related to Pis s 1 fragments, play a minor rolen serum IgE binding of
pea-allergic children.

However, as the opposite was the case for Pis s 1, which was identified as a relevant mar
allergen with a high IgE-binding capacity in this study population, its biolo gical activity was
investigated in a mediator release assay using RBL-2H3 cells sensitized with a serum pool
composed of pea-allergic patients 1, 3, 4, 8 and 11 (Figure 25). Both pea ekact and rPis s 1
induced a comparable maximal release of approximately 64%. The amount 6 pea extract
required for half-maximal mediator release (ECso) was with 2.270 ng/well approximately one

order of magnitude higher compared to rPis s 1 (EGo= 0.113 ng/well).

Pea extract
100 A — [Piss 1
—— BSA

90 A
80
70 A 'S
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Mediator release [%]

20 A

10 4

0 A ’ ’
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Figure 25: Mediator release induced by pea extract and rPis s 1.
Rat basophilic leukemia cells were sensitized with a serum poolof pea-allergic children (patients 1, 3, 4, 8, 11) and
the mediator released induced by pea extract (black) and rPis s 1 (ed) was determined. BSA (gray) was used as

negative control. Depicted curves were fitted with a four parameter logistic model.

Results 113



4.2.4 Differences in IgE binding at the peptide level

In the next step, all pea-allergic and tolerant children were analyzed for their differences in IgE
binding to Pis s 1 at the linear peptide level.

In addition, patients 1 and 16 both showing an IgE binding to low molecular weight p roteins
in pea extract after inhibition with rPis s 1 (Figure 22), and in addition patien t 1 also to rPAl
(Figure 21B), were analyzed for their IgE binding to peptides representing full-length PA1 and
PA2. Spotting layout and peptide sequences of PALl and PA2 are shown in thappendix, in

Figure A19 and Table A48 & A49. Images of the immunodetection of the two investigated
patients and the negative controls are depicted in Figure A19in the appendix. A visual analysis
of the immunodetection revealed that patient 1 showed a serum IgE binding which was abowe
both negative controls to a limited number of peptides of PAL. This finding was in agreement
with the immunoblot analysis of patient 1 and rPALl. Furthermore, this patient showed

negligible or no relevant IgE binding to peptides of PA2 (Figure A19 in the appendix). For
patient 16, no serum IgE binding could be detected to peptides of PA1 and PA2. Thidinding

was also in good agreement with no IgE binding to rPA1 and rPA2 in immunoblot analysis.

As no significant serum IgE binding could be detected to PA1 and PA2 at the prtein and linear

peptide level, no detailed Z-score calculation was performed and both proteins were nd further

investigated and will not be further discussed in this results section.

By contrast, Pis s 1 bound serum IgE of the majority of pea-allergic péents and therefore, was
analyzed in detail for its IgE binding at the peptide level. Similar to the peanut project, peptides
representing full-length mature Pis s 1 were spotted in quadruplicate and subsequently
successful spotting was confirmed by Coomassie staining of randomly chosen aay slides
(Figure 26A and 26B). As an example, the IgE immunodetection using serum ofpatient 11, who

showed a strong IgE binding to peptides of Pis s 1, is illustrated in Figure 26C
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Figure 26: Spotting layout, Coomassie-staining and IgE immunodetection of Cell  uspot™ multipeptide
microarray displaying Pis s 1.

(A) Spotting layout of Pis s 1 multipeptide microarray. For simplification, only th e left segment of the multipeptide
microarray is shown. Full-length sequence of Pis s 1 is represented byl peptides that were spotted (each 0.04 pl)
in duplicate on each segment leading to quadruplicate peptide presatation on the whole array. Biotinylated control
peptides BCCSFWJBUFE CZ B w$w XF SidiffegeRtUWillfoBs Jtp IEfY QitiEDight &d bottom
right on each array element) and were used as position markers. Grayempty spots represent blank spots composed
of peptide printing buffer (DMSO). Blue empty spots represent internal control peptides not relevant for peptide
analysis. (B) Successful spotting was verified by staining with Coomassie Brilliant Blue G2B. (C) IgE

immunodetection using serum of a pea-allergic child (patient 11) after 2 min ex posure.
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In total, 101 peptides, that represented the full-length mature sequence of Pis s 1, were spotted
Again, quadruplicate peptides should minimize the influence of outliers, and positive controls
should help to simplify the peptide analysis using Spotfinder™ software. As shown in
Figure 26C, patient 11 showed a strong serum IgE binding to the peptides of Pis s 1 and
especially to peptides located at the carboxy-terminal part.

To identify differences between pea-allergic and tolerant children with regard to their serum
IgE binding to Pis s 1 peptides, all patients were individually analyzed for their IgE-binding
propensity. After the immunodetection, the signal intensity of each Pis s 1 peptide, expressed
as Z-score, was calculated. Similar to the peanut project, serum IgE binding toa peptide was
defined as positive if its Z-score was > 2 after subtraction of the maximum Z-score of the
controls. As controls in microarray analysis, sera from five atopic (serum AE) and five non-
atopic (serum F-J) controls were used.

The images of the IgE immunodetection as well as calculated Z-scores of cdrols and of pea
study subjects after control subtraction are listed in the appendix (Figure A17 and Table A42-
A46).

After Z-score calculation, the number of positive IgE-bound peptides wascalculated for every
patient (Table 28). Serum IgE of all (14/14) pea-allergic children and of 4/5 (80%) pea-tolerant
children bound to at least one peptide of Pis s 1. However, serum IgE of pea-ergic children
bound to more peptides (median of IgE-bound peptides: 31) compared to serun IgE of pea-
tolerant children (median of IgE-bound peptides: 1), this reflected higher IgE-binding diversity
of pea-allergic children.

A comparison of the IgE binding to rPis s 1 in immunoblot analysis with the IgE binding to
linear peptides of Pis s 1 in microarray analysis revealed that patients witha rPis s 1 slgE level
below the LOD, meaning with no detectable serum IgE binding to rPis s 1 (patients 7, 9, 12,15,
17-19), tended to recognize fewer peptides as patients showing a positive serum Igbinding to
rPis s1. Patient 7 was one exception, as no IgE binding to rPis g and to pea total protein was
detectable in immunoblot analysis, whereas in microarray analysis IgE binding to peptides of
Pis s 1 could be detected. Allergic patients who recognied the highest number (> median) of
Pis s 1 peptides (patients 1, 4, 6, 7, 8, 10, 11) tended to have higherrPis s 1 sIgE levels.
Exceptions here were the above-mentioned patient 7 and patient 6 who recogized a high
number of peptides but had a very low rPis s 1 sIgE level and showed no IgE bindingo pea

total protein in immunoblot analysis.
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Table 28: Number of positive serum IgE-bound peptides of Pis s 1.

Positive peptide IgE binding was defined if the Z-score exceeds 2 after control subtractin.

Patient No. Number of IgE—pound peptides Patient No. Number of IgE—pound peptides
of Piss 1 of Piss 1

1 49 11 70

2 4 12 2

3 24 13 16

4 88 14 2

5 16 15 0

6 73 16 25

7 43 17

8 85 18

9 5 19

10 37

Afterwards, the frequency of recognition by pea-allergic and pea-tolerant patients was

calculated for every peptide of Pis s 1 (Figure 27). As shown in Figure 27, pea-allergigatients

showed higher IgE-diversity compared to pea-tolerant patients. Moreover, a-allergic patients

showed a maximum IgE-binding frequency of 93% (13/14 patients) to peptides 95 and 96 of

Pis s 1. However, these two peptides were also recognized by 20% (1/5) of pedelerant

patients. Nevertheless, there were different peptide stretches and individual peptides thatwere

only recognized by pea-allergic children.
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Figure 27: IgE-binding frequencies of pea-allergic and tolerant patients to peptides of Pis s 1.
Comparison of the IgE-binding frequencies of pea-allergic (black) and tolerant (red) child ren to peptides of Pis s 1.

Serum IgE binding to a peptide was considered positive if Z-score was > 2.

4.2.5 lIdentification of candidate diagnostic peptides of Pis s 1

For the identification of candidate diagnostic peptides of Pis s 1 specific for gea allergy the same
established selection criteria as in the peanut project were applied. Briefly, specific candidée
peptides containing distinct amino acid sequences should be exclusively recognized by pea-
allergic children with high signal intensities and high frequencies. For verifying the specificity
of peptide IgE binding, inhibition experiments using two serum pools and 30 pg rPiss 1 were
performed. The two serum pools were composed of patients 1, 4, 8 (pool 1) andpatients 3, 10,
11, 13 (pool 2). Sera within one pool showed comparable IgE-binding pattern to the peptides
of Pis s 1. Images of the IgE inhibition experiments and calculated Z-scores aabe found in the
appendix (Figure A18 and Table A47). Peptides fulfilling the mentioned criteria were further
narrowed and finally peptides with an IgE-binding frequency of < 42.85% were selected as
candidate diagnostic peptides. This percentage value resulted from the calculation of the
median IgE-binding frequency of the preselected peptides.

In total, eleven peptides distributed over the entire Pis s 1 primary structure could be identified
fulfilling the above defined selection criteria for candidate diagnostic peptides that should be

specific for pea allergy (Figure 28, blue barg.
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Figure 28: Identified peptides of Pis s 1 fulfilling the selection criteria for candid ate diagnostic peptides.
Comparison of the IgE-binding frequencies of pea-allergic (black) and tolerant (red) child ren to peptides of Pis s 1
Serum IgE binding to a peptide was considered positive if Z-score was > 2. Identified canddate diagnostic peptides

within this study population specific for pea allergy are shown in blue bars.

The identified candidate diagnostic peptides were peptide 3, 14, 20, 28, 44, 53, 64, 74,78, 93
and 100. These candidate diagnostic peptides were recognized by 57%, 43%, 43%, 64%, 50%,
50%, 57%, 50%, 43%, 43% and 57% of pea-allergic children, respectively. Pea-toleant patients
did not show, according to the selection criteria, an IgE binding to the eleven candidae
diagnostic peptides. Individual serum IgE binding of pea-allergic and tolerant children to the
selected candidate diagnostic peptidesis shown in Table 29. Serum IgE of 13/14 (93%) pea-
allergic children bound to at least one peptide of the eleven candidate diagnostic peptides.Only
serum IgE of patient 14 did not bind to any of the identified candidate diagnostic peptides. The
number of recognized candidate diagnostic peptides varied in pea-allergic children between0

and 11 peptides with a median number of 6 recognized peptides.
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Table 29: IgE binding of pea-allergic and tolerant children to identified cand

Piss 1.

idate diagnostic peptides of

Eleven peptides could be identified as candidate diagnostic peptides of Pis s 1. X depicts positive serum IgE biting

to candidate peptide; - depicts negative serum IgE binding.

Patient | Piss1|Piss1|Piss1l|Pissl1l|Pissl|Pissl|Pissl|Pissl|Pissl1|Pissl|Pissl
No. P3 P14 P20 P28 P44 P53 P64 P74 P78 P93 | P100
1 X X - X - X X X X - X
2 - - - - - - - X - - -
3 - - - X X - X - X - X
4 X X X X X X X X X X X
5 - - - X - X - - - - -
6 X X X X X X X X X X -
7 X X X X X X X - - X X
8 X X X X X X X X X X X
9 - - - - - - - - - - X
10 X - - X - - X X - X X
11 X X X X X X X X X X X
12 - - X - - - - - - - -
13 X - - - X - - - - - -
14 - - - - - - - - - - -
15 - - - - - - - - - - -
16 - - - - - - - - - - -
17 - - - - - - - - - - -
18 - - - - - - - - - - -
19 - - - - - - - - - - -

The amino acid sequences of the eleven identified candidate diagnostic peptides are listeih

Table 30. Peptides like peptide 28, 44 and 78 contained a high portion (7 to 8 amino acid

residues) of charged amino acid residues and peptide 53 was especially enriched in dar amino

acid residues compared to other candidate diagnostic peptides.

Table 30: Identified candidate diagnostic peptides of Pis s 1.

Amino acid sequence of identified candidate diagnostic peptides of Pis s 1.

Candidate peptides of Piss 1

Amino acid sequence

Peptide 3 F-1-F-K-S-N-R-F-Q-T-L-Y-E-N-E
Peptide 14 S-K-P-H-T-L-F-L-P-Q-Y-T-D-A-D
Peptide 20 A-T-L-T-V-L-K-S-N-D-R-N-S-F-N
Peptide 28 A-N-R-D-D-N-E-D-L-R-V-L-D-L-A
Peptide 44 Q-Q-E-Q-E-P-Q-H-R-R-S-L-K-D-R
Peptide 53 S-K-N-A-K-S-S-S-K-K-S-V-S-S-E
Peptide 64 Q-L-Q-D-L-D-I-F-V-N-S-V-D-I-K
Peptide 74 F-E-L-V-G-Q-R-N-E-N-Q-G-K-E-N
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Peptide 78 K-E-E-E-Q-E-E-E-T-S-K-Q-V-Q-L
Peptide 93 G-E-E-D-N-V-I-S-Q-V-E-R-P-V-K
Peptide 100 L-L-K-N-Q-K-Q-S-Y-F-A-N-A-Q-P

Figure 29 depicts the molecular surface presentation of the eleven identified candidate
diagnostic peptides on Pis s 1. The eleven peptides were distributed over the entire mlecular
surface of Pis s 1. No predominant location of the eleven candidate diagnostic pepties could

be observed within this pea study group.

180° 180°

Front side view Back side view Top view Bottom view

Figure 29: Surface presentation of identified candidate diagnostic peptides of Pis s 1.

Molecular surface presentation of the eleven candidate diagnostic peptidesof Pis s 1. P3, violetpurple; P14, green;
P20, cyan; P28, yellow; P44, blue; P53, red; P64, magenta; P74, orangeP78, brown; P93, black; P100, sand. Images
were generated using pdb 1UIJ and PyMOL.

4.2.6 Diagnostic value of candidate diagnostic peptides in comparison to full-length rPis s 1
and pea extract

Finally, an ROC curve analysis was performed in order to determine and comgre the diagnostic
value of pea total protein extract, full-length rPis s 1 and identified candidate diagnostic
peptides. Prior to ROC curve analysis rPis s 1 sIgE levels (kiiL) were subtracted by two times
the signal intensity of the non-allergic control serum N1 or N2 resolved for sIgE (as descrited
in chapter 3.2.8.7). In addition, of the eleven candidate diagnostic peptides, the maximum Z-
score was calculated. The calculated maximum Z-score of the eleven peptidesof each

individual study subject is listed in Table 31.
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Table 31: Maximum Z-scores of candidate diagnostic peptides of Pis s 1.
For each patient, the maximum Z-score was calculated of the eleven candidate peptide of Pis s 1. For this, Z-scores

after subtraction of the controls were used.

Patient No. Max. Z-score candidate peptides Patient No. Max. Z-score candidate peptides

Pis s 1 (n=11 peptides) Pis s 1 (n=11 peptides)
1 8.456176757 11 28.93225251
2 4.390234033 12 2513176118
3 13.75090006 13 2.794986271
4 33.82082034 14 1.672636293
5 5.107092898 15 -1.208033918
6 13.19017001 16 1.992643739
7 6.94685405 17 0.593583355
8 32.05170301 18 -0.850040617
9 2.05895219 19 -0.115452683
10 5.604967253

The ROC curves and the AUC values of pea extract, rPis s 1 and candidate diagnostic pegés
are shown in Figure 30. sIgE to pea extract and rPis s 1 had an AUC of 0.81 and 0.86,
respectively. Candidate diagnostic peptides had an AUC of 0.99 and represented a perfect
discriminative ability between pea-allergic and tolerant children.

sIgE to pea extract as well as sIgE to rPis s 1 reached at a specificity of 100% sensitivity of
64%. Using positive IgE binding to rPis s 1 as cuteff, a specificity of 80% and a sensitivity of
79% could be achieved. In contrast, the eleven identified candidate diagnostic peptides reache
at a specificity of 100% the highest sensitivity of 93%. Consequently, candidate diagneatic
peptides increased the sensitivity (79% vs. 93%) and the specificity (80% vs. 100%). The
identified candidate diagnostic peptides enabled, in comparison to the IgE binding tofull-length
rPis s 1, the serum IgE binding of three additional patients (patients 7, 9 and 12). Serum IgE of
pea-allergic patient 14, on the other hand, bound to full-length rPis s 1, but not to any of the
eleven candidate diagnostic peptides.

In a last analysis step, it should be analyzed whether the eleven peptides cod be further
narrowed while keeping the specificity (100%) and the sensitivity (93%). An analysis of the
minimum number of peptides required to maintain 93% sensitivity (13/14 pea-allergic
patients) revealed a minimum number of five peptides. Peptide 20 was required for the
detection of patient 12, peptide 74 for patient 2 and peptide 100 for patient 9. Using these three
peptides resulted in a sensitivity of just 79%, as patients 5 and 13 did not show an IgEbinding
to any of these three peptides. Patient 5 showed only an IgE binding to pepties 28 and 53 and
patient 13 to peptides 3 and 44. Of these two peptide pairs, the two peptides with the highest

frequency of recognition in pea-allergic children were finally selected. This resulted in the
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selection of peptides 3 and 28. An ROC curve analysis using the maximum 2core of these five
peptides (peptides 3, 20, 28, 74 and 100) resulted in an AUC of 0.99 (95% CI: 0.9%-1.03) which

was identical to the AUC of the eleven candidate diagnostic peptides (data not shown)
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Figure 30: Receiver operating characteristic (ROC) curve analysis of slgE  to pea total protein extract, full-
length recombinant Pis s1 and identified candidate diagnostic peptides.

ROC curves of sIgE to pea extract, rPis s 1 and candidate peptides of P&1 are shown in black, red and green,
respectively. sIgE to pea extract was determined by ImmunoCAP analysis (9 and sIgE to rPis s 1 was quantified by
immunoblot analysis (. For ROC curve analysis of candidate diagnostic peptides, calculated maximum &core was
used. Z-scores were determined by microarray analysisY). The gray diagonal line (AUC 0.5) represents a test without

discriminatory ability. AUC, area under the ROC curve; Cl, confidence interval.
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4.3 Soybean project

4.3.1 Study population

Included in the soybean project were sera from twenty-one children (median age 3 years),in

total. Characteristics of soybean patients are listed in Table 32 The inclusion criterion was,

similar to the both other projects, a soybean sIgE level of « 0.35 kU,/L. In six of these twenty-

one children (patients 1-6) soybean allergy was confirmed by oral food challenge. 2/6

underwent a double-blind placebo-controlled food challenge (DBPCFC) and 4/6 an open food

challenge (OFC). In the remaining fifteen children (patients 7-21) soybean allergy was excluded

and thus, soybean tolerance, despite sensitization, was confirmed by oralfood challenge
(112/25 DBPCFC and 4/15 OFC). All six allergic patients showed during food challenge
moderate (grade II/lll) soybean-related symptoms. Soybean sIgE level ranged in allergic
children from 1.51 to 93.20 kUA/L. The calculated median soybean sIgE level was 15.85 kL

in allergic children which was elevated compared to tolerant children having a median soybean
sIgE level of 2.60kUA/L (range 0.60 to 42.70 kU a/L).

Table 32: Clinical characteristics of the soybean study population.

Patients allergic to soybean (patients 1-6) and patients sensitized to soybean without clinichsymptoms (patients 7-

21).
Patient Age (y)*/sex C!inical Symptoms to SeV(_erity Total IgE | Soybean sIgE

No. evidence soybean grading# | (kUa/L) 9 (kU A/L) @
1 2/m OFC GU Il 219.00 4.16

2 11/m OFC N, rGC Il n.d. 93.20

3 6/f DBPCFC N, IT " n.d. 1.51

4 5/m OFC GU, I Il 417.00 11.30
5 2/m OFC GU, I Il 695.00 20.40
6 2/m DBPCFC CU, N, RC I 238.00 24.90

7 1/m DBPCFC none - 404.00 2.60

8 1/m DBPCFC none - 259.00 0.72

9 6/f DBPCFC none - 953.00 42.70
10 4/m DBPCFC none - 202.00 1.64
11 2/f OFC none - 275.00 0.60
12 4/m DBPCFC none - 82.00 1.52
13 6/m DBPCFC none - n.d. 3.27
14 2/m DBPCFC none - n.d. 2.61
15 3/m DBPCFC none - n.d. 0.81
16 2/m DBPCFC none - n.d. 0.61
17 4/t DBPCFC none - n.d. 1.38
18 10/f DBPCFC none - n.d. 7.35
19 2/m OFC none - 1094.00 3.00
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20 1/t OFC none - 1962.00 6.10

21 7Im OFC none - n.d. 2.86
*Age at time of blood sampling; f, female; m, male; n.d., not determined ; DBPCFC, double-blind placebo-controlled

food challenge; OFC, open food challenge; CU, contact urticaria; GU, genelized urticaria; |, itching; IT, itching
throat; N, nausea; RC, rhinoconjunctivitis; rGC, reduced general conditions; #severity grading according to the

grading system developed by Sampson (Sampson 2003)%etermined by ImmunoCAP™,

4.3.2 Generation and physicochemical characterization of rGly m 5.03 and rGly m 8

Both proteins, the subunit of Gly m 5 (Gly m 5.03) and Gly m 8, could be successfully
expressed usingPichia pastorisand were purified from cell culture supernatant using IMAC and
SEC. rGly m 8 was expressed as proprotein composed of two chains linked bg 17 amino acid
residue propeptide (for sequence information see Figure A1l in the appendiy.

The identity of both recombinant proteins was confirmed by mass spectrometry analysis
(Table 33). Sequence coverages for rGly m 5.03 and rGly m 8 of 45.5% and 3®%% were

determined, respectively.

Table 33: Identity confirmation of recombinant soybean proteins by mass spec  trometry analysis.

. Accession PLGS protein Number of identified Sequence .
Protein . Mass error
number # score peptides coverage
rGly m 5.03 PEIO78 4026 20 45.5% 19.9
rGly m 8 PEIO75 821 6 30.6% 6.2

#PH, internal accession number; *precursor RMS mass error [ppm].

According to Coomassie-stained SDS-PAGE shown in Figure 31A, rGly m 5.03 (49.3 kDa) in
lane 1 and rGly m 8 (17.5 kDa) in lane 2 showed high purity suitable for further IgE binding
analyses. Weak bands < 49 kDa in lane 1 were degradation products of rGly m5.03 and
additional weak bands between 140 and 260 kDa were possibly trimeric or polymeric
rGly m 5.03.

CD spectroscopy indicated structural integrity of both recombinant soybean proteins
(Figure 31B and 31C) and revealed for rGly m 5.03 (Figure 31B) a CD spectrum comparable to
pea 7S globulin rPis s 1 (Figure20B). The CD spectrum showed a minimum at ~217 nm and a
maximum at ~197 nm. In addition, the CD spectrum of rGly m 8 (Figure 31C) was comparable
to peanut 2S albumins Ara h 2 (Figure 2B) and pea albumin 1 (Figure 20B). Here, the typical
r-helical characteristics, two minima at ~208 nm and ~222 nm and a maximum at ~ 193 nm,
could be detected. Using dynamic light scattering, the hydrodynamic radii (R+) of both soybean

allergens was measured. For rGly m 5.03 a R of 7.4 + 1.2 nm was detected suggesting a
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trimeric protein in solution comparable to rPis s 1. Whereas, rGly m 8 (R4 of 2.6 = 0.4 nm),

comparable to the other investigated 2S albumins, seemed to be present a monomeric protein

in solution.
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Figure 31: Purity and physicochemical characterization of rGly m 5.03 and rGly m 8.

(A) Coomassie-stained SDS-PAGE of rGly m 5.03 (lane 1; 7 pg/cm) and rGly m 8 (lane 2 1.5 pg/cm). Protein
samples were analyzed under reducing conditions. M, Spectrd Multicolor Broad Range Protein Ladder. (B) Far-UV
CD-spectrum (190-255 nm) of rGly m 5.03 (solid line) at 3 pM. (C) Far-UV CD-spectrum (190- 255 nm) of rGly m 8
(dashed line) at 2 uM. The inset depicts the hydrodynamic radius (R+) £ SD.

4.3.3 Relevance of Gly m 5.03 and Gly m 8

In order to determine the relevance of both proteins in this study population, they were

analyzed for their IgE-binding properties using immunoblot analysis (Figure 32). 1BUJFOUT T*H&
levels were densitometrically quantified and, comparable to the two other legume projects,

serum IgE binding was considered positive when the sIgE level exceeds the LOD (2x sIgE level

of non-allergic control serum N). As neither an allergic nor a tolerant patient showed obviously

a serum IgE binding to rGly m 8 (Figure 32B), densitometric quantification of rGly m 8 sIgE

levels was omitted.
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Figure 32: Serum IgE binding of soybean-allergic and sensitized but tolerant ¢ hildren to rGly m 5.03 and
rGly m 8.

IgE binding of sera from soybean-allergic children (lane 1- QB U JF O U@ acdoRiBi@to Table 32) and tolerant
children (lane 7- QB UJF O UZL adcer8iBg to Table 32) to rGly m 5.03 (A) and to rGly m 8 ( B) after 1 min
and 4 min exposure, respectively. Protein samples were analyzed underaducing conditions. M, low-molecular

weight marker; P, total protein stained with Ponceau S; N, non-allergic control serum.

rGly m 5.03, in contrast, showed serum IgE binding (Figure 32A) and Q B U J [g@htified
rGly m 5.03 sIgE levels are listed in Table 34. All patients were analyzed for their serumigE
binding on one immunoblot membrane and the calculated LOD was 1.104 kU/L. Considering
the LOD, serum IgE of 3/6 (50%; patients 1, 2, 6) soybean-allergic children and of 3/15 (20%;
patients 9, 16, 18) soybean-tolerant children bound to rGly m 5.03. Patient 2 also recognized

degradation products of rGly m 5.03 and di/trimeric rGly m 5.03.
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Quantified rGly m 5.03 sIgE levels (> LOD) ranged from 4.15 to 58.02 kUA/L (median
10.05 kU4/L) in the allergic group and from 1.72 to 37.20 kU /L (median 1.99 kUa/L) in the

tolerant group.

Table 34: Quantified rGly m 5.03 sIgE levels of soybean-allergic and sensitized bu  t tolerant children.
Densitometrically quantified rGly m 5.03 sIgE levels of soybean-allergic (patients 1-6) and sensitized but tolerant

children (patients 7-21). N, non-allergic control serum.

Patient No. rGly m 5.03 sIgE (kU A/L) P Patient No. rGly m 5.03 sIgE (kU A/L) P
1 10.050 12 (0.919)
2 58.016 13 (0.594)
3 (0.749) 14 (1.073)
4 (0.891) 15 (0.891)
5 (0.790) 16 1.717
6 4.149 17 (1.011)
7 (0.800) 18 1.991
8 (0.816) 19 (0.973)
9 37.202 20 (1.050)
10 (1.033) 21 (0.785)
11 (0.789) N 0.552

Pdetermined by immunoblot analysis; () sIgE levels in parenthesis are below method cut-df (LOD).

In addition, serum IgE binding to total soybean protein was analyzed and the result of the IgE
immunoblot is shown in Figure 33. Soybean-allergic patients 2 and 6 as well as solpean-tolerant
patients 8, 9 and 20 showed a strong IgE binding to soybean total protein. In cantrast, no or
only minor IgE binding could be detected for patients 3-5, 7, 11-16, 19 and 21 which, for the
majority of the mentioned patients, correlated with low levels of soybean extract sIgE
(Table 32). However, soybean-allergic patients 4 and 5 had moderate levels of sIlgE (11.&and
20.4 kUA/L, respectively) to soybean extract, nevertheless only minor serum IgE binding to total
soybean extract could be identified. This could be caused by the different sgbean extracts used
in this study and in the ImmunoCAP™ and potentially underrepresented or missing allergens.
The native >subunit of Gly m 5 (Gly m 5.03) has a molecular weight of approximately 48 kDa.
Soybean-allergic patients 1, 2, 6 and soybean-tolerant patients 8, 9 and, albeitveak, patients
12 and 18, showed IgE binding to a soybean protein at > 45 kDa, which was presumably
Gly m 5.03. Except for patients 8 and 12, this IgE binding was in accordance witha positive IgE
binding to rGly m 5.03 determined in immunoblot analysis (Figure 32A). In addition, patient
16 showed a weak IgE binding to rGly m 5.03 which could not be detected using soybearextract
with nGly m 5.03.
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Figure 33: Serum IgE binding of soybean-allergic and sensitized but tolerant children to soybean total protein
extract.

IgE binding of sera from soybean-allergic children (lane 1- QB U JF O UG acdoRiBi@to Table 32) and tolerant
children (lane 7- QBUJF O UTZ1 atdeisliBg to Table 32) to soybean extract. Soybean extract was aalyzed
under reducing conditions. The detection is shown after 1 min of exposure (except for patient 2: 15 sec of exposure).

M, low-molecular weight marker; P, total protein stained with Ponceau S; N, non-allergic control serum.

In general, no dominant serum IgE binding to soybean proteins located in the lower molecular
weight range could be detected in either soybean-allergic or tolerant patients Only soybean-
tolerant patients 10 and 20 showed a significant serum IgE binding to soybean proteins belav

25 kDa, where MS analysis confirmed the presence of nGly m 8 in multipe bands (Figure 34
lane 1 and Table 35 bands 1-4).

rGly m 8 was investigated under reducing conditions and as one peptide chain that includes a
propeptide. Both characteristics may impact the IgE-binding properties of rGly m 8compared

to natural Gly m 8 in soybean extract which is composed of two chains linked bydisulfide bonds.

Accordingly, a native PAGE of the soybean extract was performed in order to preent natural

Gly m 8 in its native conformation.

MS analysis of soybean extract run under native conditions confirmed the identity of nGly m 8

in band 5 (Figure 34 lane 2 and Table 35 band 5). Moreover, MS analysis identifiedin band 5

as well as in band 14 N- and C-terminal peptides suggesting the presence of full-length mature
nGly m 8 without propeptide . Identified peptides of nGly m 8 in bands 1-5 are listed in the

appendix, in Table A54.

However, also using native PAGE and IgE immunoblot analysis, no serum IgE binding add be

detected in soybean-allergic patients in the area where MS analysis identified nGlym 8. Even
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after a long exposure (10 min), only soybean-tolerant patients 10 and 20 showed a weak IgE

binding to a soybean protein located in the area of nGly m 8 (data not shown).
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Figure 34: SDS-PAGE and native PAGE of soybean extract for MS analysis.

Lane 1, SDS-PAGE of soybean extract under reducing conditions; lane 2,ative/non-denaturing PAGE of soybean
extract; M1, Spectra™ Multicolor Broad Range Protein Ladder used in SDS-PAGE; M2, low-miecular weight marker
used in native PAGE.

Table 35: Identification of Gly m 8 in soybean extract.

Band Acc. No. UP Description S P Cc E
1 P19594 ’s Albugi'?]’ gljcme o 4054 | 3 | 207 | 08
2 P19594 ”s Albug:?]’ gljcme .. 12467 | 5 | 354 | 1.8
3 P19594 0s Albug:ﬁ gljcine .. 42510 | 7 | 437 | 20
4 P19594 os Alburii'ﬁ glf/;cine - 15557 | 10 | 37.3 | 2.6
5 P19594 ”s Albugi'?]’ gljcme .. 1975 | 7 | 361 | 50

Acc.No. UP, accession number of Uniprot; S, PLGS protein score; P, numer of identified peptides; C, protein

sequence coveragéb; E, precursor RMS mass error [ppm].

Subsequently, all patients were analyzed for their serum IgE binding to peptides of Glym 8 and
Gly m 5.03. Since some studies highlighted the high diagnostic value of sIgE to Glym 8, all
soybean patients were individually investigated for their serum IgE binding to peptides of

Gly m 8, despite no relevant IgE binding to rGly m 8 and nGly m 8 could be identified so far.
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Full-length Gly m 8 was represented by 32 peptides (see appendix Table A51). Visuaevaluation

of Gly m 8 microarrays revealed no serum IgE binding to peptides of Gly m 8 of dl investigated

soybean-allergic and tolerant children (see appendix Figure AR1). Therefore, no Z-score
calculation was performed. This finding was in accordance with the immunoblot analyses,
where also no soybean-allergic patient showed a serum IgE binding to rGly m 8 ad nGly m 8.

Hence, in this small study group of soybean-allergic children, Gly m 8was neither on the protein

nor on the peptide level an allergen. Similarly, soybean-sensitized but tolerant patients showed
no and no relevant IgE binding to rGly m 8 and nGly m 8, respectively. Thus, Glym 8 is not a
relevant protein with sensitizing properties in this study group of soybean-allergic and
sensitized but tolerant children.

Some serum IgE binding was detected to peptides of Gly m 5.03. Thus, the results of tis
multipeptide microarray analysis will be described in more detail.

Figure 35 shows the spotting layout of the Gly m 5.03 multipeptide microarray, on which both

isoforms, Gly m 5.0301 and Gly m 5.0302, of the subunit Gly m 5.03 were consdered.

Gly m 5.0302 was the sequence of the recombinant protein investigated in the immunoblot
analysis. Figure 36 illustrates the sequence alignment of both isoforms and shows tl two amino

acid residue substitutions (Figure 36, red) from phenylalanine to leucine in Gly m 5.0301
compared to Gly m 5.0302. Similar to the peanut project, peptides shared ly both isoforms
were spotted once (half dark blue, half light blue spots in Figure 35A). Detailed peptide
sequence information is presented in the appendix in Table A50.

After spotting, staining with Coomassie confirmed consistent spotting of all peptide solutions
on array slides (Figure 35B). As an example, the immunodetection using serum ofsoybean-
allergic patient 2 is shown (Figure 35C). Images of the IgE immunodetections d all patients are

shown in the appendix, in Figure A20.
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Figure 35: Spotting layout, Coomassie-staining and IgE immunodetection of Cellus pot™ multipeptide
microarray displaying Gly m 5.03.

(A) Spotting layout of Gly m 5.03 multipeptide microarray. For simplification, only the left segment of the
multipeptide microarray is shown. Light and dark blue spots represent unique peptides either found in Gly m 5.0301
or Gly m 5.0302, respectively. Half dark blue, half light blue spots represent peptides shaed by both isoforms. In
general, both Gly m 5.03 isoforms are covered by 102 peptides. Biotinylated control gptides BCCSFWJBUFE CZ B i$w
were spotted in duplicate in different dilutions (top left and bottom right on each array element) and were used as
position markers. Gray empty spots represent blank spots composed of peptide printing buffer (DMSO)Blue empty
spots represent internal control peptides not relevant for peptide analysis. (B Successful spotting was verified by
staining with Coomassie Brilliant Blue G250. (C) IgE immunodetection using serum of a soybean-allergic child

(patient 2; 30 sec exposure).
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Gly m5.0301 1 LKVREDENNPFY LRSSNSFQTLFENQNGRIRLLQRFNKRSPQLENLRDYRIVQFQSKPNT ¢
Glym5.0302 1 LKVREDENNPFY FRSSNSFQTLFENQNGRIRLLQRFNKRSPQLENLRDYRIVQFQSKPNT ¢

Gly m 5.0301 61 ILLPHHADADFLLFVLSGRAILTLVNNDDRDSYNLHPGDAQRIPAGTTYYLVNPHDHQNL 120
Gly m5.0302 61 ILLPHHADADFLLFVLSGRAILTLVNNDDRDSYNLHPGDAQRIPAGTTYYLVNPHDHQNL 120

Gly m5.0301 121 KIIKLAIPVNKPGRYDDFFLSSTQAQQSYLQGFSHNILETSFHSEFEEINRVL LGEEEEQ 180
Gly m 5.0302 121 KIKLAIPVNKPGRYDDFFLSSTQAQQSYLQGFSHNILETSFHSEFEEINRVL FGEEEEQ 180

Gly m 5.0301 181 RQQEGVIVELSKEQIRQLSRRAKSSSRKTISSEDEPFNLRSRNPIYSNNFGKFFEITPEK 240
Gly m 5.0302 181 RQQEGVIVELSKEQIRQLSRRAKSSSRKTISSEDEPFNLRSRNPIYSNNFGKFFEITPEK 240

Gly m 5.0301 241 NPQLRDLDIFLSSVDINEGALLLPHFNSKAIVILVINEGDANIELVGIKEQQQKQKQEEE 300
Gly m 5.0302 241 NPQLRDLDIFLSSVDINEGALLLPHFNSKAIVILVINEGDANIELVGIKEQQQKQKQEEE 300

Gly m 5.0301 301 PLEVQRYRAELSEDDVFVIPAAYPFVVNATSNLNFLAFGINAENNQRNFLAGEKDNVVRQ 360
Gly m 5.0302 301 PLEVQRYRAELSEDDVFVIPAAYPFVVNATSNLNFLAFGINAENNQRNFLAGEKDNVVRQ 360

Gly m5.0301 361 IERQVQELAFPGSAQDVERLLKKQRESYFVDAQPQQKEEGSKGRKGPFPSILGALY 416
Gly m 5.0302 361 IERQVQELAFPGSAQDVERLLKKQRESYFVDAQPQQKEEGSKGRKGPFPSILGALY 416

Figure 36: Sequence alignment of Gly m 5.0301 and Gly m 5.0302.
Mature full-length sequences of Gly m 5.0301 (PDB sequence 118 and Gly m 5.0302 (PDB sequence 1IPK) were

aligned using BLAST (NCBI, Bethesda MD, USA). Differences in amino acid sequence are shown in red.

Initial Z-score calculation resulted for some patients in high Z-scores after contrd subtraction,
and consequently incomprehensible positive IgE-binding peptides. As an example, he
immunodetection of patient 7 is shown in Figure 37. Depending on the analyzed Gly m5.03
isoform, Z-score calculation resulted for this patient in at least 80 IgE-binding peptides with Z-
score > 2. This result was not in accordance with the image of the immunodetection as visually
no serum IgE binding to any of the peptides except for one peptide (peptide no. 6), could be
identified for this patient. A possible explanation for this might be the use of just one control
serum (serum N) due to low serum availability in microarray analysis instead of multiple control
sera as used in the peanutor pea project. Therefore, no detailed Z-score calculation was

performed.

Figure 37: IgE immunodetection using serum of soybean-tolerant patient 7 after 30 sec exposure.
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Visually, 2/6 soybean-allergic children (patients 1 and 2) showed a serum IgE hinding to
peptides of Gly m 5.03 (see appendix Figure £0). However, IgE binding was relatively weak
and no significant differences could be observed with soybean-tolerant children, sone of whom
also showed IgE binding.

The limited number of soybean-allergic subjects, and in addition the limited serum IgE binding
to only a few synthetic peptides of Gly m 5.03, did not allow for further analysis with regard to
the aims of this project, i.e. to identify peptides as candidate markers for soyean allergy.
These observations highlightd the need to include more soybean-allergic patients in future

analysis of IgE binding to Gly m 5.03 peptides.
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5 Discussion

After a detailed analysis of the medical history, the anamnesis, the sttus quo in allergy
diagnosis is thein vitro measurement of allergen-specific IgE (sIgE) in the blood, that is bound
to allergens in total protein extracts or to single allergen components (Boyce et al.2010; Renz
et al. 2018; Yu et al. 2016). Nonetheless, with a few exceptions, the determination of the sIgE
to extracts or extract components just predicts a sensitization rather than theclinical phenotype.

Currently, the most specific verification is the double-blind, placebo-controlled food challenge
(DBPCFC), but it is difficult to do on a routine basis, and also potentially risky for the patient.

Thus, a simple and more specificin vitro test would be desirable.

Oncean allergy is diagnosed, immunotherapy would be the first choice to modulate the immune
system in a causative way to tolerate the allergen. Several allergen-specific therapeit
approaches using, for example, modified allergens or extracts are under investigatia but for

food allergy, no safe causative immunotherapy is currently available for humans (Cook and
Burks 2018; Nowak-W grzyn and Sampson 2011) The detailed molecular knowledge of
allergens and their interaction with the immune system may allow the design of therapeutic
allergen variants with optimized characteristics, including reduced side effects.

In allergy diagnosis as well as in allergen-specific immunotherapy, allergen-derived gptides
can potentially increase diagnostic accuracy and therapeutic efficacy as reported byseveral
studies on humans and mice (Cook and Burks 2018; Lin et al. 2012; Simms etal. 2016).

In this PhD project, linear peptides/epitopes were investigated for their properties to bind serum

IgE and whether this specific IgE binding can serve as a starting point towards the developrant
of novel approaches for the in vitro allergy diagnosis and the design of novel therapeutic
reagents, respectively. This PhD study focusd on 2S albumin and 7S globulin storage proteins
from peanut, pea and soybean, all of which are known allergenic legumes. Further especially
2S and 7S storage proteins of legumes have been reported as being of high alleemic

importance, especially in children (Beyer et al. 2015; Holzhauser et al. 2009; Ito et al. 2011;

van Erp et al. 2017).

First, the status quo of specific sensitization, meaning the serum IgE binding to individual
allergen components, was determined for each individual legume-allergic and legume-
sensitized but clinically tolerant child. By doing so, the relevance of the single alergen

components in each legume study population was determined. For allergen component tesng

and for subsequent IgE immunoblot and microarray inhibition experiments, 2S albumins and

7S globulins from the three investigated legumes were heterologously expressed, purified and
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characterized. In addition, recombinant full-length proteins served as comparators for peptide

analyses.

5.1 Generation of recombinant proteins

All recombinant 2S and 7S proteins were initially aimed to be expressedin Pichia pastoris
because yeast as eukaryote has been described to enable post-translationaladiifications like
folding and disulfide bond formation (Cregg et al. 2000; Daly and Hearn 2005) . These
properties are especially advantageous if the recombinant proteins, such as th 2S albumins,
are stabilized by disulfide bonds. In addition, cloning of the gene of interest into an expression
vector containing the =factor signal sequence enables the secretion of the recombinant protein
and a simple non-denaturing purification. For better comparability of 2S and 7S proteins, 7S
globulins should also be expressed usindPichia pastoris

Despite a successful integration of all genes of interest into the yeast genome, only th 2S
albumins were successfully expressed as full-length proteins usindgPichia pastoris Apart from
pea PA2, all 2S albumins showed comparable physicochemical characteristics witla large
portion of an =helical-type secondary structure and hydrodynamic radii between 2.4 and
3.0 nm. In contrast, 7S globulins showed, in spite of their high nucleotide sequence identity
(~70%), a high level of heterogeneity regarding their expression and/or secretion as full -length
proteins. In contrast to soybean Gly m 5.03, peanut Ara h 1 and pea Pis s 1 auld not be
expressed as full-length proteins. The lack of expression of Ara h 1 irPichia pastoriscould have
several causes. Some studies reportedn influence of the adenine and thymine (AT) content on
the transcription termination and recommended an AT content of 30-55% for proper
transcription (Sreekrishna et al. 1997). However, all cDNA sequences were purchased as codon
optimized sequences for the expression inPichia pastorisand the AT content of Ara h 1 (54%)
was identical to Pis s 1 (55%) and Gly m 5.03 (55%). In addition, no conspicuous AT-rich
nucleotide stretches such as ATTATTTTATAAA, could be found in the sequence of Ara h 1,
excluding the AT content as possible explanation. Moreover, the expression of auil-length pea
rPis s 1 failed. Instead, two proteolytic N- and C-terminal fragments of approximately 20 and
27 kDa were obtained. Despite several optimization strategies, the expression of rPis 1 as full-
length protein failed giving rise to the hypothesis that rPis s 1 is potentially cleaved
intracellularly in Pichia pastoris into its natural subunits as described in the literature
(Gatehouse et al. 1982; Sanchez-Monge et al. 2004) Taking into account the potential cleavage
site of rPis s 1 (K168 and R187), an analysis of the N-terminal fragment revealed hat the 20 kDa
fragment could potentially correspond in molecular weight and amino acid sequence to the =

subunit (19 kDa) described by Gatehouseet al. (Gatehouse et al. 1982). In addition, the C-
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terminal 27 kDa fragment could potentially correspond to the 32 kDa subunit composed of >+
@ubunit described by Sanchez-Mongeet al. (Sanchez-Monge et al. 2004) These findings may
indicate a possible post-translational subunit-specific proteolysis of rPis s 1 inPichia pastoris
Other studies also reported post-translational subunit-specific processing. A studyrom Lin and
co-workers reported a post-translational proteolysis of soybean rGly m 8 subunits expressed in
Pichia pastoris strain GS115. The authors showed that Pichia pastoris enabled proteolytic
processing of rGly m 8 subunits within the same loop region as nGly m 8 lut at different specific
sites (Lin et al. 2004). However, this finding could not be confirmed and reproduced within this
PhD project using Pichia pastorisstrain X-33, because rGly m 8 was expressed as full-length
proprotein without subunit processing.

Nevertheless, to obtain full-length rPis s 1, the expression system was chwed to
Escherichiacoli. This resulted in full-length rPis s 1 that showed good accordance in its
physicochemical characteristics with rGly m 5.03 expressed inPichia pastoris Peanut Ara h 1
used in this PhD project was also anE. coli-expressed recombinant protein that was kindly
provided by Dr. Jonas Lidholm (Thermo Fisher Scientific).

Although the expression of 2S albumins and rGly m 5.03 was possible irPichia pastoris it must
be noted that Pichia pastorisas expression system does not guarantee a successful protein
expression even of homologous proteins. In addition, the expression inPichia pastorisfar took
more time and resulted in lower protein yields when compared to Escherichia col{0.07-2.3 mg

vs. 8.5 mg).

5.2 Knowledge of specific IgE-binding sites of allergens for the development o f
novel therapeutic reagents

The knowledge of relevant allergens and their IgE-binding sites, i.e. epitopes, opens up new

strategies for the rational design of novel therapeutic reagents with improved characterigics.

For example, a reduced IgE-binding capacity by a rational design of therapeuticpeptides or

modified full-length allergens may reduce undesired side effects in immunotherapy, such as

adverse events. Since the focus of this PhD project was more on allergy diagnosighe

therapeutic benefit of this project will be briefly described below.

Due to the very limited number of soybean-allergic patients included in the soybean project, no

conclusions can be drawn. However, additional knowledge was gained for peanut and pea

allergens that should be considered when developing novel therapeutic reagents.

Common therapeutic approaches comprise the use of hypoallergens generated by site-direade

mutagenesis or chemical methods like reduction and alkylation (r/a) with the prima ry focus on

destroying the folding of the allergen (Kahlert et al. 2008; Zuidmeer-Jongejan et al. 2012).
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Here, the IgE-binding capacity should be reduced while maintaining the T-cell immunogenicity.
This approach appears promising, however, based on the results on Ara h 2he most relevant
peanut allergen in this study population, merely destroying the protein structure may not be
enough in order to create a safe immunotherapeutic molecule in this study ppulation.

Comparable to the results published by Bernard and co-workers, a strong remaining IgE binding
to r/a nAra h 2 in peanut extract was observed (Bernard et al. 2015). A remarkable number of
peanut-allergic children (70%) still showed an IgE binding to r/a nAra h 2, albeit partly to a
lesser extent than to native nAra h 2. However, even for 50% (12/23) of the peanut-allergic
children a significant IgE binding could be detected highlighting the presence of major linear
IgE-binding epitopes on r/a nAra h 2. In addition, multi-peptide microarray data o f Ara h 2
showed a strong IgE-binding capacity of peptides containing the linear DPYSPS motif, Wich
was strongly increased when the second proline was hydroxylated. The hydroxylated mdf is

found in natural Ara h 2. The importance of proline hydroxylation for the in duction of mast cell
degranulation was further demonstrated by the fact that the 27-mer peptide without P°" was
binding serum IgE but, compared to the 27-mer with P°", could not induce a specific mediator
release (see Figure 19A and 19B). In addition, Figure 19B shows that thereduction and
alkylation of peanut extract led to a 10-fold decrease in its allergenic potency. Even though this
appears to be a strong decrease of allergenicity, a 10-fold increase in dose wouldleeady result
in the same mediator release. Considering the amount of Ara h 1 in peanut extract, Aa h 1
contributed only in part to the release of r/a peanut extract. In contrast, the 27-m er peptide
with PO itself had a high allergenic potency, 10-fold higher than r/a peanut extract.

Considering the amount of Ara h 2 and Ara h 1 in peanut total protein extract, and considering
the molar ratio of the 27-mer peptide in Ara h 2 (~1:5), the peptide in r/a peanut extract likely

had an allergenic potency that was even higher than that of Ara h 1. The r/a rAra h 2.02
contained the biological inactive 27-mer peptide without P°" and did not have any relevant
allergenic potency suggesting the lack of a potent linear IgE epitope when prolines a not
hydroxylated. Consequently, it appears that the 27-mer peptide with P°" had a relevant
contribution to the allergenicity of r/a peanut extract. In contrast, the cont ribution of Ara h 3

seened to be negligible according to the immunoblot results, where Ara h 3 was localized
between the molecular masses of Ara h 1 and Ara h 2.

The data published by Bernardet al. on the relevance and the allergenic potency of linear IgE
epitopes of Ara h 2 containing hydroxylated proline residues could thus be confirmed with this

peanut study population (Bernard et al. 2015).

In conclusion, these data highlight that linear IgE-binding epitopes containing the DPYSPHS

motif must be considered in the development of novel therapeutic approaches fo peanut allergy
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as otherwise patients might be at high risk of unintended side effects. Reductim and alkylation
of peanut extract or nAra h 2 (demonstrated by the 27-mer peptide P°") may not be a safe
therapeutic approach as both possessd the ability to induce mast cell degranulation to a
relevant extent. Drawn on the results of this PhD project, one possibility to avoid side effects
during allergen-specific immunotherapy would be the use of r/a rAra h 2 lacking
immunodominant conformational and linear IgE-epitopes that are relevant for mast cell
degranulation. Thus, the allergenic potency and the T-cell immunogenicity of r/a rAra h 2
should be investigated in further studies with more patients, prior to its development as an

immunotherapeutic reagent.

A first important aspect in the development of molecular therapeutic approaches is the
identification of the relevant allergen(s). With the identification of Pis s 1 as the most relevant
major pea allergen in this pea-allergic study population, this PhD project m&es a decisive
contribution to that. In addition, as this project was focusing on IgE binding to p eptides in

approximation to linear epitopes, immunodominant linear IgE-binding peptides of Pis s 1, which
were predominantly located at the C-terminal part, were identified. These linear structures were
recognized by IgE of the majority of pea-allergic children. Peptides 28, 55, 71,84, 91, 94-96
and 101 bound serum IgE of more than 60% of pea-allergic children and could be inhibitedin

their serum IgE binding by rPis s 1 verifying their specificity. Of the peptides mentioned, the
highest median Z-score values (of allergic-patients showing a positive peptidelgE binding)

ranging from Z-score 9 to 15 could be observed for peptides 84, 95-96 and 101. One
immunodominant IgE-binding peptides are identified, critical amino acids dominating th e IgE
binding have to be determined, e.g. via alanine-walk on the microarray or bioinfor matic tools

assigning peptide reactivity to the molecular protein surface (Dall'Antonia et al. 2014; Negi and
Braun 2009; Stanley et al. 1997; Subbarayal et al. 2013). Finally, the knowledge of functional

amino acids dominating the IgE binding can in turn be used for the design of hypodlergenic

substitution variants of Pis s 1, as was shown for example by Ferreira and co-wdkers on Bet vl
(Ferreira et al. 1998).

5.3 Relevance and diagnostic value of individual legume allergen components

Measuring the sIgE to individual allergen components is, besides measuring the exact-specific
IgE, currently the status quo in common allergy diagnosis (Renz et al. 2018) Up to now, several
studies demonstrated the diagnostic benefit of component testing over extract teting leading
to an increase of component-resolved diagnostics (CRD) in routine allergy care Canonica et al.

2013). As standard in vitro method, the allergen component-specific IgE in the blood is
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measured by means of InmunoCAP" analysis. This requires prior knowledge of the relevant
allergens. However, controversial or incomplete data exist, at least in part, about the relevance
of 2S and 7S storage proteins from peanut, pea and soybean.

Therefore, the relevance and the diagnostic value of the investigated legume allergens shald
be determined in each legume study population.

Several peanut allergens and isoforms were identified and characterized in numerous studis.
Previous studies demonstrated that sIgE to Ara h 2 showedcompared to peanut extract and
other peanut allergens, the best accuracy in the prediction of peanut allergy in children and
infants (Beyer et al. 2015; Dang et al. 2012; Keet et al. 2013; Klemans etal. 2013b; Nicolaou
et al. 2011; van Erp et al. 2017). If described, AUCs ranging from 0.90 to 0.99 could be
determined in the aforementioned studies using ROC curve analysis. However, sensitiwt and
specificity varied within these studies. At a cut-off of 0.35 kUA/L Ara h 2 siIgE, sensitivity varied
from 81% to 100% and specificity from 71% to 96% (Beyer et al. 2015; Dang et al. 2012; Keet
et al. 2013; Klemans et al. 2013b; Nicolaou et al. 2011).

All mentioned studies were based on the measurement of the sIgE by means dhe InmunCAP™
or ImmunoCAP™|SAC method, which uses the Ara h 2 isoform Ara h 2.01 expressed irE. coli
(personal communication Dr. Jonas Lidholm, Thermo Fisher Scientific and
http://lwww.phadia.com/en/Products/Allergy-testing-products/ImmunoCAP-Allergen-
Information/Food- of-Plant-Origin/Allergen-Components/rAra-h-1-recombinant-Peanut/).

Only one study by Codreanu and co-workers used rAra h 2.02 coupled tahe ImmunoCAP™
and reported in their French study population, that originated from two clinical centers, at a
cut-off of 0.23 kU 4/L a specificity and a sensitivity of 96% and 93%, respectively (Codreanu et
al. 2011).

However, no study has so far investigated the diagnostic value of both Ara h 2 isofoms within
one pediatric study population originating from one clinical center.

Due to low serum availability, sIgE levels to the recombinant peanut allergens Ara h 1,
Ara h 2.01 and Ara 2.02 could not be determined using ImmunoCAPM but were
densitometrically quantified by immunoblot analysis. Despite the limitations associated with a
densitometric quantification by means of immunoblot analysis, such ase.g. lower dynamic
range and sensitivity, a good correlation could be observed between rAra h 2.01 and rAreh 2.02
sIgE levels, determined by densitometry, and rAra h 2.01 sIgE levels, determined by
ImmunoCAP™ analysis, in the range of 0.35 to 40 kUa/L.

Based on the calculated LOD values for IgE binding to recombinant proteinsin immunoblot
analysis, this study showed that rAra h 2.02 was more frequently bound by serumIgE from

peanut-allergic children in comparison to rAra h 2.01 and rAra h 1. This finding is in line with
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other published studies showing a higher IgE-binding capacity of Ara h 2.02 in comparson to
Ara h 2.01 (Bernard et al. 2015; Hales et al. 2004). This trend was further confirmed using
ROC curve analysis that showed a higher diagnostic value of sIgE to rAra h 2.02AUC 0.86) in
comparison to slgE to rAra h 2.01 (AUC 0.75) and rAra h 1 (AUC 0.51) determined by
densitometric immunoblot analysis. In addition, sIgE to peanut extract, determined using
ImmunoCAP™, showed an AUC of 0.79. The observed rank order regarding the diagnostic value
(Ara h 2.02 > peanut extract > Ara h 1) is also in agreement with other studies analyzing the
diagnostic value of sIgE to peanut extract, rAra h 2.01 and rAra h 1 (Ebisawa et & 2012; Eller
and Bindslev-Jensen 2013; Klemans et al. 2013b). This shows that, although a dferent method
was used for the determination of the sIgE levels and another strategy was sed for ROC curve
analysis of densitometrically quantified sIgE levels, tendencies similar to published stidies using
ImmunoCAP™ analysis were achieved in this study.

sIgE to rAra h 2.01 quantified by ImmunoCAP™ analysis showed an AUC of 1.00 and reached
at a cut-off of 0.35 kUA/L a sensitivity of 96% and a specificity of 92% in this peanut study
population reflecting a perfect discriminative ability. In addition, this re sult showed that a
representative cohort was included in this PhD project, as comparable results wit other study
populations were obtained (Beyer et al. 2015; Nicolaou et al. 2011). 22/23 (96%) peanut-
allergic children showed a sIgE level to rAra h 2.01 of > 0.35 kU »/L, whereas only 15/23 (65%)
and 18/23 (78%) peanut-allergic children showed a positive serum IgE binding (> LOD) in
immunoblot analysis to rAra h 2.01 and rAra h 2.02, respectively. However, as already
mentioned, it has to be taken into account that the ImmunoCAP™ method is much more
sensitive than the applied immunoblot analysis. In addition, analyzing both Ara h 2 isoforms in
a comparable manner by means of immunoblot analysis, it could be clearly shown that
Ara h 2.02 is the isoform with the higher IgE-binding capacity. This finding leads to the
suggestion that the use of rAra h 2.02 instead of rAra h 2.01 in ImmunoCAP™ analysis might
lead to an even higher measurement sensitivity.

Furthermore, using mediator release assay this study demonstrated that rAra h 2.023 a major
potent peanut allergen that elicits a mast cell degranulation almost identical to that of peanut
extract. In addition, rAra h 2.02 showed an approximately 100-fold higher allergenic potency
in comparison to rAra h 1, which is in line with studies by Blanc et al. and Palmer et al. both
using for their in vitro mediator release assays purified allergens from whole peanut extract
(Blanc et al. 2009; Palmer et al. 2005).

In conclusion, this study on recombinant peanut allergens showed that rAra h 2.02 is, compaed
to the two other self-generated proteins rAra h 2.01 and rAra h 1, the most relevart peanut

allergen with regard to IgE-binding and mediator release capacity. Of these threerecombinant

Discussion 141



peanut proteins, rAra h 2.02 showed the highest diagnostic value in densitometric immunoblot

analysis. These properties make it a target molecule for therapeutic and diagnost approaches.

Although pea has been recognized as an emerging allergenic food (personal communication
Prof. Dr. K. Beyer) that has already been described as the elicitor of severallergic reactions
(Lavine and Ben-Shoshan 2019; Wensing et al. 2003) detailed data on the relevance and the
diagnostic value of pea allergens are still lacking. Three pea proteins (Pis 4, Pis s 2 and Pis 3)
were registered as allergens in the WHO/IUIS database of allergens, two of which(Pis s 1 and
Pis s 2) are described as potential major pea allergens (Sanchez-Monge et al. 2004%o0 far, no
pea albumin is registered in the WHO/IUIS database as allergen. Only two studies by Vigue
and co-workers focused on IgE binding to the 2S pea albumins PA1l and PA2. The authe
reported a positive and negative serum IgE binding of ten chickpea-sensitive patients toPA2
and PAL, respectively. However, the relevance of these two studies is questionable sinceo
conclusive results were available and individual data on IgE binding were mostly undisclosed
(Vioque et al. 1998; Vioque et al. 1999).

The comparison of the serum IgE binding to rPis s 1, rPA1 and rPA2 by means of immundbt
analysis showed that rPis s 1 was, compared to both recombinant pea albuminsthe most
relevant pea allergen in this pea study population. The great majority (79%) of pea-allergic
children showed serum IgE binding to rPis s 1, unequivocally confirming it for the first time as
a major allergen based on individual patient sera testing. In contrast, no serum IgE binding
could be detected to rPAL and rPA2, except for rPA1 and one pea-allergic patient (ptient no. 1).
An altered serum IgE binding to rPAL due to the expression as a proprotein cataining two
propeptides could be excluded, as natural PA1 was also found as proprotein vesion in whole
pea extract and no IgE binding was detected in this low molecular weight region in immunobl ot
analysis.

The relevance of rPis s 1 was further demonstrated by the majority of serumigE binding to pea
extract being inhibited by rPis s 1. In addition, the inhibition experiment illustrated no
additional major pea allergens in this pea study population. This resut is in accordance with
the study published by Sanchez-Monge and co-workers, who observed the strongest IgErding
of a serum pool composed of eighteen pea-allergic patients to Pis s 1 in peaxtract. Also in line
with the mentioned study, no relevant serum IgE binding of pea-allergic patients to low
molecular weight proteins like 2S albumins or lipid-transfer proteins could be detected
(Sanchez-Monge et al. 2004) This finding is in contrast to the presented data on peanut where

the strongest serum IgE binding could be detected to the 2S albumin Ara h 2.
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For the first time the allergenic potency of rPis s 1 was investigated and described. Usingn
vitro mediator release assay it could be shown that rPis s 1 was capable ddliciting mast cell
degranulation. In addition, the shown data suggest that the majority of the bi ological activity
of pea extract is caused by Pis s 1 making it a target molecule fotherapeutic approaches. In
addition, ECs of rPis s 1 (0.11 ng/well) and pea extract (2.3 ng/well) differed around the fact or
20 showing that Pis s 1 may account for approximately 5% of total peaprotein, assuming that
the great part of allergenic potency of pea total protein extract was related to Pis s1. This
estimated content is in agreement with other studies reporting that Pis s 1 comprises between
1% and 8% of the total protein in pea (Kroghsbo et al. 2011; Tzitzikas et al. 2006).

Currently, in vitro diagnosis of pea allergy is solely based on the ImmunoCAP' analysis of
specific IgE to pea total protein extract. However, using ROC curve analysisthis study showed
that rPis s 1 (AUC 0.86) had a higher AUC and thus a better diagnostic value than pa total
protein extract (AUC 0.81). As a consequence, the diagnostic performance of rPis s 1 should be
further investigated using the ImmunoCAP™ method as it may lead to an even higher diagnostic
sensitivity.

In conclusion, the presented data showed that Pis s 1 is the most relevant majr allergen with
a high diagnostic value in this pea study population. This 7S globulin can elicit mast cell
degranulation and accounts for the majority of the allergenic potency of pea exract. In addition,

it was shown that pea 2S albumins and other low molecular weight pea proteins apared to

be of no or only minor relevance in this pea study population.

Data on the relevance and the diagnostic value of soybean allergens are conbwversial.
Depending on the respective study population and the study design, some authos reported an
association of slgE to Gly m 5 and/or Gly m 6 with the severity of allergic reactions and that
slgE to Gly m 5 and/or Gly m 6 might be a better predictor for soybean alergy compared to
soybean extract (Holzhauser et al. 2009; Ito et al. 2011). Whereas other studies reported no
predominant sensitization to Gly m 5 and Gly m 6 or reported that sIgE to Gly m 8 showed,
compared to Gly m 5 and Gly m 6, the best diagnostic accuracy (Ebisawat al. 2013; Fukutomi

et al. 2012; Kattan and Sampson 2015; Vissers et al. 2011).

However, with regard to the results gained from this soybean study, the limited number of

available and included soybean-allergic patients needs to be mentioned. The small saple size
of allergic children hampered drawing general conclusions about the relevance and diagnosi
value of Gly m 5.03 and Gly m 8. Nevertheless, tendencies were observed.

In this study, soybean-allergic and sensitized but tolerant children showed specificlgE binding

to rGly m 5.03 (50% vs. 20%). A similar trend was reported by a study by Ito and co-workers
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investigating sera from Japanese children. The study used comparable patient inclusion créria
and reported that 67% of soybean-allergic and 49% of sensitized but tolerant chldren showed
an IgE reactivity to natural Gly m 5 (Ito et al. 2011) . In addition, a study by Klemans et al.
reported that 63% of soybean-allergic adults and 27% of soybean-tolerat adults showed a
sensitization ( * 0.35 kU4/L) to Gly m 5. However, tolerant adults were included in the Klemans
study solely based on a negative food challenge, regardless of a positive sensititian to soybean
extract (Klemans et al. 2013a). This was in contrast to this PhD study, which included tolerant
patients based on a positive sensitization (¢ 0.35 kU,/L) to soybean extract.

No serum IgE binding to rGly m 8 could be observedin this soybean study population. This
finding is in line with a study by Lin and co-workers, who reported that none of the 16
investigated sera from European soybean-allergic patients showed an IgE binding to
recombinant and natural Gly m 8 purified from soybean extract (Lin et al. 2006). However,
other studies reported a predominant role of slgE to Gly m 8 in the prediction of soybean allergy.
Using sera from either soybean-allergic children from Japan, the US or fromsoybean-allergic
adults from Europe, the authors reported a sensitization to natural Gly m 8 with an AUC
between 0.75 and 0.82 as the best diagnostic marker for clinically relevant soybean allergy
(Ebisawa et al. 2013; Kattan and Sampson 2015; Klemans et al. 2018). This could not be
confirmed in this study population. To exclude that rGly m 8 expressed as proproteinshowed a
different IgE reactivity compared to the natural Gly m 8 purified from soybean extract, a native
PAGE of soybean total protein extract was performed.The MS data suggested the presence of
nGly m 8 as full-length protein without propeptide. However, it remains diff icult to interpret
why, under reducing conditions, full-length natural Gly m 8 could also be identif ied, because
both Gly m 8 chains that are linked by disulfide bonds should be separated under relucing
conditions (Ebisawa et al. 2013; Lin et al. 2004). Nonetheless, when using native PAGEof
soybean total protein extract and subsequent IgE immunoblot analysis, no serum IgE binding
could be detected to nGly m 8 in soybean-allergic patients. In addition, ushg SDS-PAGE under
reducing conditions and IgE immunoblot analysis, the highest IgE reactivities could be
attributed to 7S and 11S globulins. This is in accordance with a study by Ballmer-Weber and
co-workers who showed strong serum IgE binding to 7S and 11S globulins (Ballmer-Weberet
al. 2007).

The discrepancy in the relevance of Gly m 8 between this study, which was inline with the
study by Lin et al., and the above-mentioned studies may be due to different study populatians
investigated or different Gly m 8 preparations. Interestingly, all studies reporting a high

diagnostic value of Gly m 8 were probably based on the same non-commercialGly m 8
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ImmunoCAP™ material (Ebisawa et al. 2013; Kattan and Sampson 2015; Klemans et al.
2013a).

In conclusion, the data discussed in this chapter show that legumes, despite thir taxonomic
relation, behave very differently with regard to the relevance of their respective allergens. In
each investigated legume allergy, a specific relevance of the analyzed 2S and 7S storageoteins
could be observed. In peanut, Ara h 1 and Ara h 2 could be identified as relevant allergns.
However, based on immunoblot analysis, the 2S albumin Ara h 2, in particular the isoform
Arah 2.02, was the most relevant allergen with the highest diagnostic value in this peanut study
population. In contrast, such relevance of 2S albumins could not be detected in pa and
soybean, which excludes 2S albumins as major allergens in both investigated studpopulations.
In pea, the 7S globulin Pis s 1 was identified as the most relevant allergen irthis study. A similar
trend seemed to be observed for Gly m 5.03 and soybean, but due to the lirited number of

soybean-allergic patients included in this study, no further conclusions can be drawn.

5.4 Diagnostic potential of IgE-binding peptides of major legume allergens

Despite the advantages of a component-resolved diagnosis, studies on allergic and tolant
patients have also shown that there is often an overlap in the component sIgE level beveen
both groups (Lin et al. 2012). Overlaps in the component sIgE levels can lead to
misclassifications and demonstrate that there are still patients that need toundergo oral food
challenge to determine their clinical phenotype.

Compared to extract- and component-resolved diagnosis, several studies suggestedn
additional diagnostic value of IgE-binding epitopes. Using Ara h 1-, Ara h 2- and Ara h 3-derived
peptides, Beyeret al. and Shreffler et al. reported a correlation between serum IgE binding to
specific peptides and clinical reactivity as well as between IgE epitope diversityand clinical
severity (Beyer et al. 2003; Shreffler et al. 2004). In addition, another more recent study from
Lin and co-workers, who analyzed the same peanut allergens, identified peptide biomarkers
predicting peanut allergy with high accuracy by means of a machine learning method (Lin et
al. 2012).

In addition to the potential to improve allergy diagnosis, pepti de-based microarrays have
further advantages such as, for example, low serum consumption and the potential to
investigate multiple peptides of different allergens simultaneously. Furthermore, the synthesis
of peptides and their quality control is straightforward in comparison to the ge neration of full-

length proteins or the consistency control of protein extracts.
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To assess whether peptides have the potential to improve allergy diagnosis, peptides
representing all examined legume proteins were synthesized and analyzed for their serum IgE
binding. By comparing IgE binding of sera from legume-allergic with sera from legume-
sensitized but tolerant children, candidate diagnostic peptides were identified and investigated
for their potential to improve the accuracy of the in vitro allergy diagnosis.

Initially, the quality of the in-house synthesized peptides was verified. This was done by
comparing in-house synthesized overlapping peptides comprising Ara h 2 for their IgE bindhg
with the same peptides purchased from Intavis AG (peptide specialist). Using a PEinternal
control serum, identical IgE-binding peptides confirmed the quality of the in-house synthesized

peptides (data not shown) and justified their use in microarray analyses.

Multiple immunodominant IgE epitopes have been described for Ara h 1 and Ara h 2 (Burks et
al. 1997; Han et al. 2016; Shreffler et al. 2004; Stanley et al. 1997).

However, this PhD study is the first study so far that investigated the diagnosic value of
synthetic peptides of Ara h 1 and Ara h 2 in direct comparison to the respectiwe full-length
proteins. In addition, this study examined the contribution of proline hydroxylation ( Hyp) in
the DPYSP"S motif of Ara h 2, as present in natural Ara h 2, on the diagnostic accuracy

For simplification, the full-length sequences of Ara h 2, which contain proline or hydrox yproline
residuesinthe DPYSRF NPUJG BSF BCCSFWRWB PISEI 'BSByd @@hé fol@wing ,
respectively.

In line with the data of the recombinant allergens, a high diagnostic potential of Ara h 2 was
also found at the peptide level. Compared to Ara h 1, only peanut-allergic children showed a
serum IgE binding to Ara h 2-derived peptides, whereas Ara h 1-derived peptides were also
recognized by peanut-tolerant patients. Furthermore, Ara h 1-derived peptides reached a
maximum IgE-binding frequency of 43%, whereas Ara h 2_Hyp-derived peptides reached a
maximum IgE-binding frequency of 70%. The finding that no Ara h 1-derived peptide was
bound by serum IgE of more than 43% of peanut-allergic patients is in contrastto the initial
study by Burks and co-workers, who reported serum IgE binding to individual peptides d more
than 80% (Burks et al. 1997). However, for the identification of the immunodominant IgE-
binding epitopes of Ara h 1, Burks and co-workers analyzed only ten patientsindividually. In
addition, a further reason for the discrepancy between the study from Burks et al. and this study
DPVME CF UIF EJGGFSFODF JO UIF TUVEZ QPQVMBIFBFROBHIRUUGFHB S
the Burks study was 25 years, whereas the mean age of peanut-allergic gigents in this study

was 4 years. In addition, Lin et al. reported IgE-binding frequencies of up to ~70% to individual
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Ara h 1-derived peptides using sera of peanut-allergic children; however, they used a diférent
more sensitive detection system (Lin et al. 2012)

On the other hand, the finding of this PhD study is in agreement with Shreffler et al., who
reported a serum IgE binding to individual peptides of Ara h 1 in less than 30% of the analyzed
patients (age: 1.5-36 years). However, compared to this PhD study, in whch peanut allergy
was confirmed by food challenge in all patients, Shreffler et al. included patients with confirmed
peanut allergy as well as patients with suspected peanut allergy. Suspicion of allergy wadvased
exclusively on elevated peanut sIgE levels, but the history of peanut ingestion wasunknown
(Shreffler et al. 2004) . In addition, a study by Beyer et al. also reported a lower IgE-binding
frequency of peanut-allergic patients to immunodominant linear epitopes of Ara h 1 compared
to epitopes of Ara h 2 and Ara h 3 (Beyer et al. 2003).

In this PhD study, three peptides of Ara h 1, peptide 17, 75 and 86, fulfilled the criteria for
candidate diagnostic peptides, which were defined prior to analysis. A comparism of the three
candidate diagnostic peptides with previously identified IgE-binding epitopes and
immunodominant IgE epitopes showed that peptide 17 overlapped with the immunodominant
epitope 4 and the IgE-binding epitope 5 identified by Burks et al. In addition, an overlap could
also be detected between peptide 75 and IgE-binding epitope 12 of the same study (Burkst al.
1997). Due to peptides of different length and offset that were investigated by Burks and co
workers (10 AA, offset 8 AA) and in this PhD project (15 AA, offset 4 AA), IgE-binding epitopes
described by Burkset al. overlap only partially with the identified candidate diagnostic peptides
of this study. In addition, Beyer et al. analyzed sera from peanut-allergic and sensitized but
tolerant patients for their IgE binding to immunodominant epitopes of Ara h 1, Ara h 2 and
Ara h 3. The authors identified i.a. epitope 4 of Ara h 1, which overlapped with peptide 17 of
this study, as useful for the prediction of clinically relevant peanut allergy (Beyer et al. 2003).
Peptide 86 was not identified as an important IgE-binding epitope in the initia | study by Burks
and co-workers, which was based on pooled sera (Burks et al. 1997) Only individual sera
testing, as performed by Shreffler and co-workers, identified this sequence of Arah 1 as
important for serum IgE binding (Shreffler et al. 2004) . However, it should be noted that both
studies by Burks and Shreffler were done with the primary focus on identifying
immunodominant IgE epitopes rather than on identifying candidate diagnostic peptides. Both
studies focused on IgE epitopes that were recognized by the majority of peanuallergic patients
and did not include peanut-sensitized but tolerant patients for comparison. Furthermore, in
contrast to this study, both studies did not perform inhibition experiments. However, since this

was the case in this study, some of the published immunodominant IgE epitogs were not

Discussion 147



identified as candidate diagnostic peptides because they did not fulfill the selection criteria
established in this study.

In addition, using BLAST it could be identified that peptide 75 and 86 of Ara h 1 are part of
conserved regions between Ara h 1 and Pis s 1 that may lead to IgE cross-reaciiy. However,
due to largely unknown co-sensitizations or co-allergies in this study population, further studies
are necessary, to draw conclusions about possible IgE-binding regions whichmay result in
serological and/or clinical cross-reactivity.

In contrast, no significant overlap was identified between these candidate peptidesof Ara h 1
and Gly m 5.03.

To compare the diagnostic value of the three identified candidate diagnostic peptdes of Arah1
with that of the full-length peanut allergens and of peanut extract, an ROC curve analysis was
performed. This approach was similar to the study by Lin and co-workers,who also compared
the diagnostic value of different analysis methods, such as multipeptide microarray and
ImmunoCAP™ in one ROC curve analysis (Lin et al. 2012).

Even though different methods, like ImmunoCAP™, immunoblot and multipeptide microarray,
were performed in this study, the ROC curve analysis clearly showed that the pepties of Arah 1
as well as full-length rAra h 1 did not contribute to an improvement of th e in vitro diagnosis of
peanut allergy.

In line with the immunoblot analysis, serum IgE of peanut-sensitized but tolerant patients did
not bind to any peptide of Ara h 2.01_P and Ara h 2.02_P. Even peptidesof both Ara h 2
sequences containing hydroxyproline residues in the DPYS®'S motif, Ara h 2.01_Hyp and
Ara h 2.02_Hyp, did not bind serum IgE of tolerant patients. In contrast, the great majority of
peanut-allergic patients showed serum IgE binding to peptides of Ara h 2. Moreover, in peanut
allergic patients, peptide 2 and peptides containing the DPYSPS motif could badentified as
immunodominant IgE-binding epitopes in this study. This finding is in line with previous studies
on Ara h 2-derived peptides (Han et al. 2016; Hansen et al. 2016; Stanley et al.1997). Both,
the initial study by Stanley and co-workers and the more recent study by Hanand co-workers
identified three peptides of Ara h 2.01 containing the immunodominant IgE epito pes. One of
these three peptides overlapped with the immunodominant peptide 2 identified in this PhD
study and the two others contained, in accordance with this study, the DPYSPS motif (Ha et
al. 2016; Stanley et al. 1997). In addition, Hansen et al. identified the same important IgE-
binding peptides of the second isoform Ara h 2.02 (Hansen et al. 2016) However, all three
previous studies reported also a strong IgE binding to peptides comprising tle C-terminal part
of Ara h 2.01 and Ara h 2.02. This isin contrast to this study where only 4-13% of peanut-

allergic children showed an IgE binding to peptides comprising the C-terminal part of Ara h 2.
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Reasons for this discrepancy may be that the initial study by Stanleyet al. was predominantly
based on pooled sera of adult patients and not on individual testing of serum sanples of
children (Stanley et al. 1997). Furthermore, Han et al. and Hansen et al. predominantly
included patients with high peanut sIgE levels and adult patients, respectively (Hanet al. 2016;
Hansen et al. 2016). However, the influence of proline hydroxylation on the diagnostic value
of Ara h 2-derived peptides has never been investigated on the peptide level usingnicroarray
analysis, although some studies reported a higher IgE-binding capacity and immunogenicy of
linear IgE-epitopes of Ara h 2 due to hydroxylation (Bernard et al. 2015; Deak et al. 2017). In
line with these studies, an increase in IgE-binding capacity could be observedn peptides
containing hydroxylated compared to unhydroxylated proline residues. Proline hydroxylation
led to an increase in the number of IgE-bound peptides, to higher signal intensities ofigE-bound
peptides and to higher IgE-binding frequencies of peanut-allergic children. In addition, it could
be shown that proline hydroxylation resulted in a higher sensitivity while maintaining the
specificity, which makes this post-translational modification an interesting target for future
diagnostic approaches. An increase in IgE-reactivity due to post-translational proline
hydroxylation was also reported for Phl p 1, a major timothy grass pollen allergen (Petersen et
al. 1998).

The stronger IgE-binding capacity of peptides containing hydroxyproline instead of proline is
not surprising, as the hydroxyl (OH) group constitutes a polar functional group enabling the
formation of an additional hydrogen bond with other functional groups. Hy drogen bonds are
described by Steiner as important intermolecular interactions (Steiner 2002), which potenti ally
explain why peptides containing hydroxyproline residues may favor serum IgE binding.
Among the legumes, especially peanut is associated with severe allergic reactions (Worrat al.
2014). As Ara h 2 is the only legume allergen containing hydroxylated proline residues one
might speculate that the post-translational hydroxylation might be one reason for the high
allergenicity of Ara h 2 and consequently of peanut.

Four peptide pairs of the analyzed Ara 2.01 and Arah 2.02 sequences could be identified
meeting the predefined selection criteria for candidate diagnostic peptides. Candidate p@tides
were part of the immunodominant IgE-binding epitopes and overlapped with previo usly
identified immunodominant IgE-binding peptides (Han et al. 2016; Hansen et al. 2016 ; Stanley
et al. 1997). ROC curve analysis showed that the two selected peptide pairs of Ara h 2.01_Hyp
(peptide 2 and peptide 11) and of Ara h 2.02_Hyp (peptide 11 and peptide 15) had, with an
AUC of 0.87-0.90, the best diagnostic accuracy of all identified candidate diagnostic peptides
in this study population. Moreover, the two selected peptide pairs showed a @mparable AUC

with other studies that analyzed sIgE to rAra h 2.01 by means of ImmunoCAPM (Beyer et al.
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2015; Klemans et al. 2013b). Due to the consideration of hydroxyproline residues in this study,
a sensitivity of 70% at a specificity of 100% could be achieved with each of theseéwo candidate
diagnostic peptide pairs of Ara h 2.01_Hyp or Arah 2.02_Hyp. In contrast, other studies, that
analyzed sIgE to rAra h 2.01, reported lower sensitivities (23%-43%) at a specificity of 100%
(Dang et al. 2012; Keet et al. 2013; Klemans et al. 2013Db).

Interestingly, Lin and co-workers used microarray data combined with bioinformatic methods
and selected two peptides of Ara h 2.01 as key peptide biomarkers that showed an carlap with
peptide 2 and peptide 11 identified in this study (Lin et al. 2012) . Nevertheless, the authors did
not consider proline hydroxylation in their study.

In conclusion, candidate diagnostic peptides could be identified of Ara h 1 and Ara h 2. Desjite
the fact that different methods were compared for their diagnostic accuracy in ROC cune
analysis in this study, it was clearly shown that Ara h 1-derived pepides as well as full-length
rAra h 1 showed, compared to rAra h 2 (rAra h 2.01 and rAra h 2.02) and derived peptides, the
lowest diagnostic accuracy in this peanut study population. The two peptide pairs o
Ara h 2.01_Hyp and Ara h 2.02_Hyp, investigated in microarray analysis, were comparably
sensitive as the full-length rAra h 2.02, investigated in immunoblot analysis, and had a
comparable diagnostic value. Furthermore, it was shown that proline hydroxylation had a
positive impact on the diagnostic sensitivity and accuracy. With regard toproline hydroxylation,
it should be emphasized that peptides have the advantage over recombinant pteins that such
post-translational modifications can be considered. This advantage highlights their potentid in
the future diagnosis of peanut allergy.

Asthe microarray is less sensitive than the ImmunoCAP, it would be interesting to couple the
identified candidate diagnostic peptides to the ImmunoCAP™ and investigate their diagnostic
sensitivity and specificity. In this study population, however, such advanced investpation was

not feasible due to low serum availability.

To date, no study so far focused on the diagnostic value of single peagroteins and derived
peptides. Pis s 1 could be identified in this pea study population as the mat relevant major pea
allergen having a diagnostic value better than pea extract. In the next step,peptides derived
from Pis s 1 were investigated for their potential to further improve the in vitro diagnosis of pea
allergy. Comparable to Ara h 1-derived peptides, pea-allergic as well as pea-sensied but
tolerant children showed a serum IgE binging to peptides of Pis s 1.

Pis s 1 peptides 28, 30, 55, 71, 84, 91, 94-96 and 101 bound IgE by the greamajority of pea-
allergic children (> 60%) and, thus, were identified as immunodominant IgE-binding pe ptides.

Of these, the C-terminal peptides 84, 95, 96 and 101 showed the highest signal intensites. A
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comparison using BLAST of these immunodominant IgE-binding peptides of s 1 with the
four immunodominant IgE-binding peptides of Ara h 1 described by Burks and co-workers
revealed no overlap between these peptides. However, by using a serum pool composeaf 15
peanut-allergic patients, Burkset al. identified additional IgE-binding epitopes of Ara h 1, which
show a partial sequence overlap with the major IgE-binding peptides at the C-terminal erd of
Pis s 1. C-terminal peptides 91 and 94-96 share conserved amino acid residues with the
previously identified epitopes 19-21 of Ara h 1 (Burks et al. 1997). In addition,
immunodominant peptide 84 of Pis s 1 is part of a conserved region betweerPis s 1 and Arah 1.
However, this region is not described in previous studies as an IgE-binding epibpe of Ara h 1.
Furthermore, Sun et al. predicted and characterized eleven major immunodominant linear IgE
epitopes of Glym 5.01 (77% sequence identity to Gly m 5.03) using five sera from soybean-
allergic adults (Sun et al. 2013). Using BLAST, it could be observed that the immunodominant
peptide 30 of Pis s 1 and peptide 9 of Gly m 5.01 belong to conserved regions. Brthermore, it
could be determined that peptide 55 of Pis s 1 and peptides 11 and 12 ofGly m 5.01 also share
a conserved region. In addition, immunodominant peptides 84, 91 and 94-96 of Pis s 1 are part
of conserved regions between Pis s 1 and Gly m 5.01. In Gly m 5.01 a partiabequence of these
regions is described by Sunret al. as being bound by serum IgE of 2/5 soybean-allergic patients
(Sun et al. 2013).

If further verified, homologous IgE-binding epitopes on different allergens might explain
serological or clinical cross-reactivity between the legumes, whereas divergent IgE-binding
epitopes might explain divergent allergic phenotypes.

The selection of candidate diagnostic peptides specific for pea allergy resulted in eleen peptides
distributed over the entire sequence of Pis s 1. In contrast to full-length rPis s1, which was
recognized by 79% of pea-allergic children, 93% showed a serum IgE binding to ateast one of
the eleven candidate diagnostic peptides. In addition to sensitivity, specificty could also be
increased from 80% to 100% using candidate diagnostic peptides.

Candidate diagnostic peptides of Pis s 1 share no significant sequence identity with IgE epifoes
of Ara h 1 described by Burkset al. and Shreffler et al. (Burks et al. 1997; Shreffler et al. 2004).
Nevertheless, candidate diagnostic peptides 64, 93 and 100 are part of conserved regns
between Pis s 1 and Ara h 1. However, these regions were not described in previous studiess
IgE-binding epitopes of Ara h 1. In addition, no overlap could be detected between the eleen
candidate diagnostic peptides of Pis s 1 and the three candidate diagnostic pejdes of Ara h 1.
A comparison using BLAST of the sequence of the candidate diagnostic peptidesf Pis s 1 with
the described IgE-binding epitopes of Gly m 5.01 by Sun and co-workers, revealed thigpeptide
3 and peptide 53 of Pis s 1 share conserved regions with peptide 1 and peptie 11 of Glym 5.01,
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respectively. Moreover, sequence homology could be observed between peptides 64, 783 and
100 of Pis s 1 and regions of Gly m 5.01, which were not described as Iglbinding regions by
Sunet al. (Sun et al. 2013).

The analysis using BLAST showed that conserved IgE-binding regions between the legumes
exist that can influence an accurate diagnosis of legume allergy using fil-length legume
proteins and highlight the potential of the more refined epitope-resolved diagnosis compared
to a component-resolved diagnosis.

To what extent these conserved IgE-binding regions lead to serological cross-reactivitiesyhich
may result in additional allergies, remains an open question, because co-sensitations or co-
allergies are largely unknown in this study population.

The high diagnostic potential of peptides could be further shown by ROC curve analgis
comparing pea extract, rPis s 1 and peptides for their diagnostic accuracy. The elen candidate
diagnostic peptides showed of all three test variables with an AUC of 0.99 thebest accuracy in
diagnosing pea allergy. The candidate peptides reached, at a specificity of 100%, arxcellent
sensitivity of 93%, highlighting that peptides of Pis s 1 may improve the diagnosis of pea allergy.
In this study population, the eleven candidate diagnostic peptides could befurther narrowed
while keeping the sensitivity. To what extent the relatively large number of candidate peptides

can be narrowed in other study populations, has to be investigated in future prospective studies.

In conclusion, eleven peptides could be identified of the major pea allergen Pis s 1 that may,
compared to pea extract and rPis s 1, improve the accuracy in the diagnosis opea allergy. A
limited number of these peptides (peptide 3 and 53) overlapped with described IgE-binding
epitopes of Gly m 5.01. In addition, a total of four of the eleven peptides (peptides 64, 74, 93
and 100) belong to conserved regions, which, however were not described as IgE-epitpes of
Ara h 1 and Gly m 5.01. These findings highlight the potential and the advantage of an epitope-

resolved diagnosis compared to an extract or component-resolved diagnosis.

5.5 Concluding remarks

Legumes show, despite of their close taxonomic relation, significant differences withregard to
the relevance of their 2S and 7S storage proteins. In peanut, the 2S albumimra h 2, especially
the isoform Ara h 2.02, is the most relevant allergen showing the best diagnostic alue of the
investigated recombinant peanut allergens in immunoblot analysis. This finding is in contrast
to pea and soybean, where 2S albumins could not be identified as relevant allergens. In pa, it
could be shown that the 7S globulin Pis s 1lis the most relevant allergen. A similar tendency

seems to be observed in soybean with the homologous allergen Gly m 5.03. However, the very
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limited number of soybean-allergic patients included in this study does not allow to draw
further conclusions.

In contrast to soybean, candidate diagnostic peptides could be identified for peanutand pea
allergy. Two identified peptide pairs of Ara h 2.01_Hyp and Ara h 2.02_Hyp with AUC (0.87-
0.90) showed a comparable diagnostic value as rAra h 2.02 (AUC 0.86) in immunobld analysis.
For pea allergy, eleven peptides (AUC 0.99) could be identified of Pis s 1 showing a dignostic
value better than that of pea extract (AUC 0.81) or rPis s 1 (AUC 0.86).

Analyzing the serum IgE binding on the epitope level instead of on the whole protein level
seems to be a promising diagnostic approach highlighting that peptides may serve asddition al
or alternative reagents in the in vitro diagnosis of legume allergy. However, further prospective
studies should verify if these peptides can be applied as biomarkersn clinical routine. In
addition, coupling of the identified peptides to the more sensitive ImmunoCAP™ solid phase
would be an additional interesting add-on experiment to investigate a potential improvement
of the sensitivity of the candidate peptides.

Moreover, based on the gained data, more efficacious and safer therapeit approaches can be
deduced. Based on the mast cell degranulation that was triggered by the 27-mer peptide
containing hydroxylated proline residues, it could be shown for peanut that linear IgE-binding
epitopes must be considered in the development of safe therapeutic approaches, astherwise
patients might be at high risk of unintended side effects. In addition, identified
immunodominant IgE-binding peptides of Pis s 1 may allow to generate hypodlergenic
substitution variants in the near future.

In summary, the data presented in this thesis, may form a basis towards the deglopment of

novel diagnostic and therapeutic reagents in food allergy.
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7 Appendix

7.1 Supporting material

7.1.1 Plasmids

Figure Al: Vector map and multiple cloning site of pPICZ  =A.
(A) Vector map of pPICZ=A. (B) Multiple cloning site of pPICZ =A. Both images were taken from the user manual
(Thermo Fisher Scientific, catalog number V195-20, publication number MAN0O000O035).
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Figure A2: Vector map and multiple cloning site of pET-11a.
(A) Vector map of pET-11a. (B) Multiple cloning site of pET-11a. Both images were taken from the user manual
(Novagen, pET-1a-d Vectors, TB042 12/98).
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7.1.2 Sequences of investigated recombinant proteins

EKREAEAEFKSS PYQKK TEN
1 GAGAAAAGAGAGGCTGAAGCTGAATTCAAGTCCTCCCCATACCAGAAGAAAACTGAG

PCAQRCLOSCQQ EPDD LKOK
61 CCATGTGCTCAGAGATGTTTGCAGTCCTGTCAACAAGAACCAGACGACTTGAAGCAA,

ACESRCTKLEYDPRCVYDPR
121 GCTTGTGAGTCCAGATGTACTAAGTTGGAGTACGACCCAAGATGTGTTTACGACCCT/

GHTGTT NQRSPP GERTRGRQ
181 GGTCACACTGGTACTACAAACCAGAGATCTCCACCAGGTGAGAGAACTAGAGGTAGA

PGDYDD D RR QPRR EE G G RWG
241 CCAGGTGATTACGACGACGACAGAAGACAGCCTAGAAGAGAAGAGGGTGGTAGATGH

PAGPREREREE DWRQPREDW
301 CCAGCTGGTCCAAGAGAAAGAGAGAGAGAAGAGGATTGGAGACAGCCAAGAGAAGA

RR PSHQQ PRKIRPEGREGERQ
361 AGAAGACCATCTCACCAGCAACCTAGAAAGATCAGACCAGAGGGTAGAGAAGGTGAA

EWGTPGSHVREE TSRNN PFY
421 GAATGGGGTACTCCAGGTTCTCACGTTAGAGAAGAGACTTCCAGAAACAACCCATTCI

FPSRR FSTRYGNQNGRIRVL
481 TTCCCATCTAGAAGATTCTCCACTAGATACGGTAACCAGAACGGTAGAATCAGAGTTT

QRFDQRSRQFQNLQNHRIVQ
541 CAGAGATTCGACCAAAGATCCAGACAGTTCCAGAACTTGCAGAACCACAGAATCGTTC

IEAKPNTLVLPKHADADNIL
601 ATCGAGGCTAAGCCAAACACTTTGGTTTTGCCAAAGCACGCTGACGCTGACAACATCT

VIQQ GQATVTVANGNN RKSF
661 GTTATTCAACAGGGTCAGGCTACTGTTACTGTTGCTAACGGTAACAACAGAAAGTCCT

NLDEGHALRIPSGFISYILN
721 AACTTGGACGAGGGTCACGCTTTGAGAATTCCATCCGGTTTCATCTCTTACATCTTGA

RHDNOQONLRVAKISMPVNTPG
781 AGACACGACAACCAGAATTTGAGAGTTGCTAAGATCTCCATGCCAGTTAACACTCCAC

QFEDFF PASS RDQSS YLQGE
841 CAGTTCGAGGATTTCTTCCCAGCTTCTTCCAGAGATCAGTCCTCCTACTTGCAAGGTT

SRNTLEAA FNAEFNEIRR VL
901 TCCAGAAATACTTTGGAGGCTGCTTTCAACGCTGAGTTCAACGAGATCAGAAGAGTTT

LEE NAGG EQEE RGQRR WSTR
961 TTGGAAGAGAACGCTGGTGGTGAGCAAGAAGAAAGAGGTCAAAGAAGATGGTCCACH

SS ENN EGVIVKVSKEHVEE L
1021 TCCTCCGAAAACAACGAGGGTGTTATCGTTAAGGTTTCCAAAGAGCACGTTGAAGAGT

TKHAKSVSKK GSEE E GDITN
1081 ACTAAGCACGCTAAGTCCGTTTCCAAGAAGGGTTCTGAAGAGGAAGGTGACATCACT!

PINLREGEPDLSNN FGKLFE
1141 CCAATCAACTTGAGAGAGGGTGAGCCAGACTTGTCCAACAACTTCGGTAAGTTGTTCC

VKPDKK NPOQLQODLDMM LTCV
1201 GTTAAGCCTGACAAGAAGAACCCACAGTTGCAGGACTTGGACATGATGTTGACTTGTC

EIKEGALMLPHFENSKAMVIV
1261 GAGATCAAAGAGGGTGCTTTGATGTTGCCACACTTCAACTCCAAGGCTATGGTTATCC

VV NKGTGNLELVAVRKEQQ Q
1321 GTTGTTAACAAGGGTACTGGTAACTTGGAATTGGTTGCTGTTAGAAAAGAGCAGCAGC

RGRR EE E E DEDEE E E GSNRE
1381 AGAGGAAGAAGAGAAGAGGAAGAGGACGAGGACGAAGAAGAGGAAGGTTCTAACAG

VRR YTARLKEGDVFIMPAA H
1441 GTTAGAAGATACACTGCTAGATTGAAAGAAGGTGACGTTTTCATCATGCCAGCTGCTC

PVAI D ASS ELHLL GFGINAE
1501 CCAGTTGCTATTGACGCTTCTTCTGAGTTGCACTTGTTGGGTTTCGGTATTAACGCTG,

NN HRIFLAGDKDNVIDQIEK
1561 AACAACCATAGAATTTTCTTGGCTGGTGACAAGGACAACGTTATCGACCAGATTGAGA

QAKDLAFPGSGEQVEKLIKN
1621 CAGGCTAAGGACTTGGCTTTTCCAGGATCTGGTGAACAGGTTGAGAAGTTGATCAAA/

QKESHFVSARPQSQSQSPSS
1681 CAGAAAGAGTCCCACTTCGTTTCCGCTAGACCACAATCTCAATCCCAATCTCCATCCT!

PEKESPEKEDOEE E NOGG KG
1741 CCAGAGAAAGAATCTCCTGAGAAAGAGGACCAAGAGGAAGAAAACCAGGGAGGTAAC

PLL SILKAFN VDHH H H H H *E
1801 CCTTTGTTGTCCATCTTGAAGGCTTTTAACGTTGATCACCACCACCATCACCACTAAG/

FTWPSR
1861 TTCACGTGGCCCAGCCGG

Figure A3: DNA fragment of rAra h 1 used for cloning into pPICZ  =A.
The amino acid sequence of rAra h 1 is underlined. rAra h 1 contain@ two additional N-terminal amino acids (EF)

due to cloning into EcoRl restriction site. Linker (VD) and Hise-tag are written in italics. N496D is shown in red.
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EKREAEAEFRQOOQO WELQGDRR
1 GAGAAAAGAGAGGCTGAAGCTGAATTCAGACAGCAGTGGGAATTGCAGGGTGACAG,

COSQLERANLRPCEQHLMOK
61 TGTCAATCCCAGTTGGAGAGAGCTAACTTGAGACCTTGTGAGCAGCACTTGATGCAA,

IORDEDSYERDPYSPSQDPY
121 ATCCAGAGAGATGAGGACTCCTACGAGAGAGATCCATACTCTCCATCTCAAGACCCT!

SPSPYDRR GAGSS QHOERCC
181 TCCCCATCTCCATACGATAGAAGAGGTGCTGGTTCTTCCCAACACCAAGAGAGATGT1

NELNEFENN QRCMCEALQQ |
241 AACGAGTTGAACGAGTTCGAGAACAACCAGAGATGTATGTGTGAGGCTTTGCAGCAG

MENOQOSDRLOQGRQOQO EQQ FKRE
301 ATGGAAAACCAGTCCGACAGATTGCAAGGTAGACAACAAGAGCAGCAGTTCAAGAGA

LRNLPQQ CGLRAPQRCDLDYV
361 TTGAGAAACTTGCCACAGCAGTGTGGTTTGAGAGCTCCACAAAGATGTGACTTGGAC!K

ESGG RDRY VDHH H H H H *EFT
421 GAATCTGGTGGTAGAGACAGATACGTTGATCACCATCATCACCACCACTAAGAATTCA

W PSR
481 TGGCCCAGCCGG

Figure A4: DNA fragment of rAra h 2.01 used for cloning into pPICZ A,
The amino acid sequence of rAra h 2.01 is underlined. rAra h 2.01 cortained two additional N-terminal amino acids

(EF) due to cloning into EcoRI restriction site. Linker (VD) and Hise-tag are written in italics.

EKREAEAEFRQQ WELQGD R R
1 GAGAAAAGAGAGGCTGAAGCTGAATTCAGACAGCAGTGGGAATIGAREEAAGA

CQOQSQLERANLRPCEQHL M Q K
61 TGTCAATCCCAGTTGGAGAGAGCTAACTTGAGACCTTGTGAGCABGTBCARBAG

IORDEDSYGRDPYSPSQ DPY
121 ATCCAGAGAGATGAGGACTCCTACGGTAGAGATCCATACTCTCAXGARTCCTTAC

SPSODPDRR DPYSPSPYD R R
181 TCCCCATCCCAAGATCCTGATAGAAGAGATCCTTATTCACCATACGBLEAGAAGA

GAGSS QHQERCC NELNEFE N
241 GGTGCTGGTTCTTCTCAACACCAAGAGAGATGTTGTAACGAGEAGARCGAGAAC

NQOQRCMCEALQQ IMENQSD R L
301 AACCAGAGATGTATGTGTGAGGCTTTGCAGCAGATCATGGAARRTQEACGAGATTG

QGRQOQO EQQ FKRELRNLPOQO C
361 CAAGGTAGACAACAAGAGCAGCAGTTCAAGAGAGAATTGAGARXTIAGCAGTGT

GLRAPQRCDLEVESGG RD R Y
421 GGTTTGAGAGCTCCACAAAGATGTGACTTGGAAGTTGAGTCTEEAGEBIAGATAC

VDHH H H HH *EFTWPSR
481 GTTGATCATCACCATCACCACCACTAAGAATTCACGTGGCCCAGCCGG

Figure A5: DNA fragment of rAra h 2.02 used for cloning into pPICZ A,
The amino acid sequence of rAra h 2.02 is underlined. rAra h 2.02 cotiained two additional N-terminal amino acids

(EF) due to cloning into EcoRlI restriction site. Linker (VD) and Hise-tag are written in italics.
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EKREAEAEFSRSDOENPEFIF
1 GAGAAAAGAGAGGCTGAAGCTGAATTCTCCAGATCCGACCAAGAGAACCCATTCATC

KSNRFQTLYENENGHIRLL Q
61 AAGTCCAACAGATTCCAGACTTTGTACGAGAACGAGAACGGTCACATCAGATTGTTG(

KEDKRSKIFENLOQOQNYRLL EY
121 AAGTTCGACAAGAGATCCAAGATCTTCGAGAACTTGCAGAACTATAGATTGTTGGAGT

KSKPHTLFLPQYTDADEFILYV
181 AAGTCCAAGCCACACACTTTGTTCTTGCCACAGTACACTGACGCTGACTTCATCTTGG

VLSGKATLTVLKSNDRNSEN
241 GTTTTGTCCGGTAAGGCTACTTTGACTGTTTTGAAGTCCAACGACAGAAACTCCTTCA,

LERGDAIKLPAGTIAYLANR
301 TTGGAGAGAGGTGACGCTATCAAGTTGCCAGCTGGTACTATTGCTTACTTGGCTAACE

DD NEDLRVLDLAIPVNKPGOQ
361 GATGACAACGAGGACTTGAGAGTTTTGGACTTGGCTATCCCAGTTAACAAGCCAGGT(

LOSFLL SGTONQPSLL SGES
421 TTGCAGTCCTTCTTGTTGTCCGGAACTCAAAACCAGCCATCCTTGTTGTCTGGTTTCT(

KNILEAA ENTNYEE IEKVLL
481 AAGAACATCTTGGAGGCTGCTTTCAACACTAACTACGAAGAGATCGAGAAGGTTTTGT

EQQ EQEPQHRR SLKDRR QE.]I
541 GAGCAGCAAGAGCAAGAGCCACAACACAGAAGATCCTTGAAGGACAGAAGACAAGA/

NEE NVIVKVSREQIEE LSKN
601 AACGAAGAGAACGTTATCGTTAAGGTTTCCAGAGAGCAGATCGAAGAGTTGTCCAAG!

AKSS S K K SVSS ESGPENLRS
661 GCTAAGTCATCCTCCAAGAAGTCTGTTTCTTCTGAGTCCGGTCCATTCAACTTGAGAT!

RNPIYSNKFGKFF EITPEKN
721 AGAAACCCAATCTACTCTAACAAGTTCGGTAAGTTCTTCGAGATCACTCCAGAGAAGA

QQ LODLDIFVNSVDIKEGSL
781 CAGCAGTTGCAGGACTTGGACATCTTCGTTAACTCCGTTGACATCAAAGAGGGTTCTT

LL PNYNSRAIVIVTVTEGKSG
841 TTGTTGCCTAACTACAACTCCAGAGCTATCGTTATCGTTACTGTTACTGAGGGTAAGG!

DFELVGQRNENOGKENDKEE
901 GACTTCGAGTTGGTTGGTCAGAGAAACGAGAACCAGGGTAAAGAGAACGACAAAGAA

EQEE E TSKQVQLYRAKLSPG
961 GAACAAGAGGAAGAGACTTCCAAGCAGGTTCAGTTGTACAGAGCTAAGTTGTCCCCA!

DVEVIPAGHPVAI D ASS DLN
1021 GACGTTTTCGTTATTCCAGCTGGTCACCCAGTTGCTATTGACGCTTCTTCTGACTTGA/

LIGFGINAENN ERNFLAGEE
1081 TTGATCGGTTTCGGTATCAACGCTGAGAACAACGAGAGAAACTTCTTGGCTGGTGAAC

DNVISQVERPVKELAFPGSS
1141 GACAACGTTATCTCCCAGGTTGAAAGACCAGTTAAGGAATTGGCTTTCCCAGGTTCTT

HEVDRLL KNOQKOQSYFANAQP
1201 CACGAGGTTGACAGATTGTTGAAAAACCAGAAGCAGTCCTACTTCGCTAACGCTCAAC

LORE VDHH H H H H *EFTWPSR
1261 TTGCAAAGAGAGGTTGATCACCATCATCACCACCACTAAGAATTCACGTGGCCCAGC(

Figure A6: DNA fragment of rPis s 1 used for cloning into pPICZ  =A.
The amino acid sequence of rPis s 1 is underlined. rPis s 1 contained two @ditional N-terminal amino acids (EF)

due to cloning into EcoRl restriction site. Linker (VD) and Hise-tag are written in italics. N345D is shown in red.
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*EGDIH MSRSDOQOENPFIFKS
1 TAAGAAGGAGATATACATATGAGCCGCAGCGATCAAGAAAACCCGTTTATCTTTAAAA

NRFOTLYENENGHIRLL QKF
61 AACCGTTTCCAGACCCTGTATGAAAATGAAAATGGTCATATTCGCCTGCTGCAGAAAT

DKRSKIFENLQNYRLL EYKS
121 GATAAACGCAGCAAAATCTTTGAAAACCTGCAGAATTATCGGCTGCTGGAATACAAAA

KPHTLFLPOQYTDADFILVYV L
181 AAACCGCATACCCTGTTTCTGCCGCAGTATACCGATGCAGATTTCATTCTGGTTGTTC

SGKATLTVLKSNDRNSFENLE
241 AGCGGTAAAGCAACCCTGACCGTTCTGAAAAGCAATGATCGCAATTCCTTTAATCTGCG

RGDAIKLPAGTIAYLANRDD
301 CGTGGTGATGCAATTAAACTGCCAGCAGGCACCATTGCATATCTGGCAAATCGTGATC

NEDLRVLDLAIPVNKPGOQOQLO
361 AATGAAGATCTGCGTGTTCTGGATCTGGCAATTCCGGTTAATAAACCGGGTCAGCTG(

SFLL SGTQNOQPSLL SGFSKN
421 AGCTTTCTGCTGAGCGGCACCCAGAATCAGCCGAGCCTGCTGAGTGGTTTTAGCAAA

ILEAA ENTNYEE ITEKVLL EQ
481 ATTCTGGAAGCAGCCTTCAACACCAACTATGAAGAAATTGAAAAAGTTCTGCTGGAAC

QEQEPOQOQHRR SLKDRR QEINE
541 CAAGAACAAGAACCGCAGCATCGTCGTAGCCTGAAAGATCGTCGTCAAGAAATCAATI(

ENVIVKVSREQIEE LSKNAK
601 GAAAACGTGATTGTGAAAGTTAGCCGTGAGCAGATTGAAGAACTGAGCAAAAATGCA/

SS S KK SVSS ESGPENLRSRN
661 AGCAGCAGCAAAAAAAGCGTTAGCAGCGAAAGCGGTCCGTTTAATCTGCGTAGCCGT

PIYSNKFGKFF EITPEKNOO
721 CCGATTTATAGCAACAAATTCGGCAAATTCTTTGAGATCACCCCTGAAAAAAATCAGC!

LODLDIFVNSVDIKEGSLL L
781 CTGCAGGATCTGGATATTTTTGTTAATAGCGTGGATATCAAAGAAGGTAGCCTGCTGC

PNYNSRAIVIVTVTEGKGDE
841 CCGAACTATAATTCACGTGCAATTGTTATTGTTACCGTGACCGAAGGTAAAGGCGATT

ELVGQRNENQGKENDKEE E Q
901 GAACTGGTTGGTCAGCGTAATGAAAATCAGGGCAAAGAAAACGACAAAGAAGAGGAA

EE E TSKOVQLYRAKLSPGDYV
961 GAAGAAGAAACCAGCAAACAGGTTCAGCTGTATCGTGCAAAACTGAGTCCGGGTGAT

FVIPAGHPVAINASS DLNLI
1021 TTTGTTATTCCGGCAGGTCATCCGGTTGCAATTAATGCAAGCAGCGATCTGAATCTGA

GFGINAENN ERNFLAGEE DN
1081 GGCTTTGGTATTAATGCCGAAAACAACGAACGTAATTTTCTGGCAGGCGAAGAGGAT/

VISQVERPVKELAFPGSS HE
1141 GTTATTAGCCAGGTTGAACGTCCGGTTAAAGAACTGGCATTTCCGGGTAGCAGCCAT(

VDRLL KNOQOQKOQOSYFANAQPLQOQ
1201 GTTGATCGTCTGCTGAAAAATCAGAAACAGAGCTATTTTGCAAATGCACAGCCTCTGC

RE LVPRGSS S GHH H H H H *HM
1261 CGTGAACTGGTGCCGCGCGGCAGCAGCAGCGGCCATCATCATCATCATCATTAGCAT

ASMTG
1321 GCTAGCATGACTGGT

Figure A7: DNA fragment of rPis s 1 used for cloning into pET-11a.
The amino acid sequence of rPis s 1 is underlined. Thrombin cleavage sitd VPRGS), linker (SSG) and Hig-tag are

written in italics.
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EKRE AEA E FASC NGVC SPFE
1 GAGAAAAGAGAGGCTGAAGCTGAATTCGCTTCCTGTAACGGTGTTTGTTCCCCATTCC

M PP C GSs A CRCIPVGL VYV GY
61 ATGCCACCATGTGGTTCTTCCGCTTGTAGATGTATCCCAGTTGGTTTGGTTGTTGGTT

CRHP SG V F LRTN DEHP NLCE
121 TGTAGACACCCATCCGGTGTTTTCTTGAGAACTAACGACGAGCACCCAAACTTGTGTC

SDAD CRKK GSGNFCGH YPNP
181 TCTGACGCTGACTGTAGAAAGAAGGGTTCCGGTAACTTCTGTGGTCACTACCCAAACC

DIEY GWCF ASKS EAED FF SK
241 GACATTGAGTACGGTTGGTGTTTCGCTTCTAAGTCTGAGGCTGAGGACTTCTTCTCCA

I TOK D L L K SVST A VDHH H H H
301 ATCACTCAAAAGGACTTGTTGAAGTCCGTTTCCACTGCTGTTGATCACCATCATCACC,

H*EF TWPS R

361 CACTAAGAATTCACGTGGCCCAGCCGG

Figure A8: DNA fragment of rPA1 used for cloning into pPICZ  =A.
The amino acid sequence of rPAL is underlined. rPA1 contained two additioral N-terminal amino acids (EF) due to

cloning into EcoRl restriction site. Linker (VD) and Hises-tag are written in italics. Propeptides are shown in blue.

EKRE AEA E FMTKTGYI NAA F
1 GAGAAAAGAGAGGCTGAAGCTGAATTCATGACTAAGACTGGTTACATCAACGCTGCT

RS S QO NN EAYLFINDKY VLL D
61 AGATCCTCCCAAAACAACGAGGCTTACTTGTTCATCAACGACAAGTACGTTTTGTTGG

YAPG TSND KVLY GPTP VRDG
121 TACGCTCCAGGTACTTCTAACGACAAGGTTTTGTACGGTCCAACTCCAGTTAGAGATC

FKSL D QTVFGSY GVDC SEDT
181 TTCAAGTCCTTGGACCAGACTGTTTTCGGTTCCTACGGTGTTGACTGTTCCTTCGATAI

DNDE AFIF YEKF CALIDYAP
241 GACAACGACGAGGCTTTCATCTTCTACGAGAAGTTCTGTGCTTTGATCGATTACGCTC

HSNKDKII LGPK K IAD MFPEF
301 CACTCCAACAAGGACAAGATCATCTTGGGTCCAAAGAAAATCGCTGACATGTTCCCAT

FEGT VFEN GIDAA YRS TRGK
361 TTCGAGGGTACAGTTTTCGAGAACGGTATCGATGCTGCTTATAGATCCACTAGAGGTA

EVYL FKGD QYAR IDYE TNSWM
421 GAGGTTTATTTGTTCAAGGGTGACCAGTACGCTAGAATCGACTACGAGACTAACTCCA

VNKE IKSIRNGFPCFR NTIEF
481 GTTAACAAAGAGATCAAGTCCATCAGAAACGGTTTCCCATGTTTCAGAAACACTATCT"

ESGT DAA F ASHK TNEV YFF K
541 GAGTCCGGTACTGATGCTGCTTTCGCTTCTCACAAGACTAACGAAGTTTACTTCTTTA/

GDYY ARVTVTPG ATDD QIMD
601 GGTGATTACTACGCTAGAGTTACTGTTACTCCAGGTGCTACTGACGACCAGATTATGC

GVRKTLDY WPSLRGII PLEN
661 GGTGTTAGAAAGACTTTGGACTACTGGCCATCCTTGAGAGGTATCATCCCATTGGAAA

VDHH H H H H *EFTWPSR
721 GTTGATCACCACCACCATCACCACTAAGAATTCACGTGGCCCAGCCGG

Figure A9: DNA fragment of rPA2 used for cloning into pPICZ  =A.
The amino acid sequence of rPA2 is underlined. rPA2 contained two additimal N-terminal amino acids (EF) due to

cloning into EcoRI restriction site. Linker (VD) and Hise-tag are written in italics. N56D is shown in red.
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EKRE AEA E FLKV REDE NN PF
1 GAGAAAAGAGAGGCTGAAGCTGAATTCTTGAAGGTTAGAGAGGACGAGAACAACCCA

YFRS S NSF OQOTLF ENQN GRIR
61 TACTTCAGATCCTCCAACTCCTTCCAGACTTTGTTCGAGAACCAGAACGGTAGAATCA

LL QR FNKRSPOLENLRDYRI
121 TTGTTGCAGAGATTCAACAAGAGATCCCCACAGTTGGAGAACTTGAGAGACTACAGA/

VOFQ SKPNTILL PHH A DADE
181 GTTCAGTTCCAGTCCAAGCCAAACACTATCTTGTTGCCACATCACGCTGACGCTGACT

LL FVLSGRAILTLVNN DD RD
241 TTGTTGTTCGTTTTGTCCGGTAGAGCTATCTTGACTTTGGTTAACAACGACGACAGAG,

SYNL HPGD AQRIPAGT T YY L
301 TCCTACAACTTGCATCCAGGTGACGCTCAAAGAATCCCAGCTGGTACTACTTACTACT

VNPHDHQN LKII KLAIPVNK
361 GTTAACCCACACGACCACCAGAACTTGAAGATTATCAAGTTGGCTATCCCAGTTAACA

PGRY DD F F LSS T OAQQ SYLO
421 CCAGGTAGATACGACGACTTCTTCTTGTCCTCCACTCAAGCTCAACAGTCCTACTTGC

GFSHNILETSFH SEFE E INR
481 GGTTTCTCCCACAACATCTTGGAGACATCTTTCCACTCCGAGTTCGAAGAGATCAACA

VLFG EE E E QRQQ EGVI VELS
541 GTTTTGTTCGGTGAGGAAGAGGAACAGAGACAGCAAGAGGGTGTTATCGTTGAGTTG

KEQIRQLS RR AKSS S R KTI1S
601 AAAGAGCAGATCAGACAGTTGTCTAGAAGAGCTAAGTCCTCCTCAAGAAAGACTATCT

SEDE PENL RSRNUPIY S NN FG
661 TCTGAGGACGAGCCATTCAACTTGAGATCTAGAAACCCAATCTACTCCAACAACTTCG

KFEFF E ITPEKNPOQLRD L DIFL
721 AAGTTCTTCGAGATCACTCCAGAGAAGAACCCTCAGTTGAGAGATTTGGACATCTTTT

SS VD INEGALL L PHEN SKAI
781 TCCTCTGTTGACATCAACGAGGGTGCTTTGTTGTTGCCTCACTTCAACTCCAAGGCTA

VILVINEGUDANIELVG IKEQ
841 GTTATCTTGGTTATCAATGAGGGTGACGCTAACATCGAGTTGGTTGGTATCAAAGAGC

Q0 KO KOQOEE E PLEVOQORY RAEL
901 CAGCAAAAGCAGAAGCAAGAGGAAGAACCATTGGAGGTTCAGAGATACAGAGCTGAA

SEDD VEVIPAA Y PFVYV D ATS
961 TCCGAGGACGACGTTTTCGTTATTCCAGCTGCTTACCCATTCGTTGTTGACGCTACTT!

NLNF LAFG INAENN QOQRDNFLA
1021 AACTTGAACTTCTTGGCTTTCGGTATCAACGCTGAAAACAACCAGAGAAACTTTTTGG(

G E K D NVV R OIER QVQE LAFP
1081 GGTGAGAAGGATAACGTTGTTAGACAGATCGAGAGACAGGTTCAAGAGTTGGCTTTT(

GSAQDVERLL KK QRES YFVD
1141 GGTTCCGCTCAAGACGTTGAAAGATTGTTGAAGAAGCAGAGAGAATCCTACTTCGTTC

AQPQ Q KEE GSKGRKGP FPSI
1201 GCTCAGCCACAGCAAAAAGAAGAAGGTTCCAAGGGTAGAAAGGGTCCATTCCCATCT.

LGAL Y VDHH H H H H *EF TWPS

1261 TTGGGAGCTTTGTATGTTGATCACCACCACCATCACCACTAAGAATTCACGTGGCCCA
R

1321 CGG

Figure A10: DNA fragment of rGly m 5.03 used for cloning into pPICZ  =A.
The amino acid sequence of rGly m 5.03 is underlined. rGly m 5.03 ontained two additional N-terminal amino acids

(EF) due to cloning into EcoRl restriction site. Linker (VD) and Hises-tag are written in italics. N328D is shown in red.
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61

121

181

241

301

361

421

481

EKREAEA E FSKW QHQQ DSCR
GAGAAAAGAGAGGCTGAAGCTGAATTCTCCAAGTGGCAACACCAACAGGACTCTTGT

KOLO GVNLTPCE KHIM EKIOQ
AAGCAGTTGCAGGGTGTTAACTTGACTCCATGTGAGAAGCACATCATGGAAAAGATC!

GRGDD D D D D D D D NHILRTMR
GGTAGAGGTGATGACGACGATGATGACGATGACGACAACCACATCTTGAGAACTATG

GRINYIRR N EGKDEDEE E E G
GGTAGAATCAACTACATCAGAAGAAACGAGGGTAAGGACGAGGACGAAGAGGAAGA(

HMQKCC TE MSELRSPK CQCK
CATATGCAAAAGTGTTGTACTGAGATGTCCGAGTTGAGATCCCCAAAGTGTCAGTGTA

ALQOQK IME D QSEE LEE K QKK K
GCTTTGCAAAAGATCATGGAAGATCAGTCCGAAGAGTTGGAAGAGAAGCAGAAAAAG

MEKELINLATMCRFEFGP M1QC
ATGGAAAAAGAGTTGATTAACTTGGCTACTATGTGTAGATTCGGTCCAATGATCCAGT

DLSS DD VD HH H H H H *E FTWP
GACTTGTCCTCTGATGATGTTGATCACCACCACCATCACCACTAAGAATTCACGTGGC
SR
AGCCGG

Figure A11: DNA fragment of rGly m 8 used for cloning into pPICZ  =A.

The amino acid sequence of rGly m 8 is underlined. rGly m 8 contained two additional N-terminal amino acids (EF)

due to cloning into EcoRI restriction site. Linker (VD) and Hises-tag are written in italics. Propeptide is shown in blue

and N99D is shown in red.

7.1.3 SDS-PAGE of rPis s 1 expressed iRichia pastoris
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Figure A12: SDS-PAGE of rPis s 1 expressed in Pichia pastoris .

Coomassie-stained SDS-PAGE of rPis s 1 secreted into cell culture srpatant. rPis s 1 (lane 1; 12 pl cell culture

supernatant) was analyzed under reducing conditions. Arrows indicate the two truncated proteolytic fragments of

rPis s 1. M, Spectrd™ Multicolor Broad Range Protein Ladder.
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7.1.4 IgE immunodetection of multipeptide microarrays

7.1.4.1 Arah 1 multipeptide microarray

A

Patient 1 (2 min)

Patient 2 (2 min)

Patient 3 (2 min)

Patient 4 (2 min)

Patient 5 (2 min)

Patient 6 (30 sec)

Patient 7 (2 min)

Patient 8 (30 sec)

Patient 9 (2 min)

Patient 10 (30 sec)

Patient 11 (2 min)

Patient 12 (30 sec)
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Patient 13 (2 min)

Patient 14 (2 min)

Patient 15 (2 min)

Patient 16 (2 min)

Patient 17 (2 min)

Patient 18 (30 sec)

Patient 19 (30 sec)

Patient 20 (2 min)

Patient 21 (30 sec)

Patient 23 (30 sec)

Patient 22 (2 min)
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Patient 24 (2 min) Patient 25 (30 sec)
Patient 26 (30 sec) Patient27 (2 min)
Patient 28 (2 min) Patient 29 (2 min)
Patient 30 (2 min) Patient 31 (2 min)
Patient 32 (2 min) Patient 33 (2 min)
Patient 34 (2 min) Patient 35 (2 min)
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Non-allergic control serum N_1 (2 min) Non-allergic control serum N_2 (2 min)
Non-allergic control serum N_3 (2 min) DLab71S1_1 (2 min)
DLab71S1_2 (2 min) DLab71S1_3 (2 min)

Figure A13: IgE immunodetection of Ara h 1 peptides using p  eanut-allergic, peanut-tolerant and control sera.

Peptides representing Ara h 1 were spotted in quadruplicate and analyzed fo their IgE binding using sera from
peanut-allergic children (A), peanut-sensitized but tolerant children (B ) and control sera (C). The exposure times
are shown in parentheses and ranged from 30 se¢o 2 min. N_1, N_2 and N_3 mean serum from non-allergic control

N used on different X-ray films. The same applies for DLab71S1_1, DLab71S1_2 and DLab71S3.
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Serum pool 1 + protein buffer (30 sec)

Serum pool 1 + rAra h 1 (30 sec)

Serum pool 2 + protein buffer (30 sec)

Figure A14: Inhibition of IgE binding to Ara h 1 peptides.

Serum pool 2 + rAra h 1 (30 sec)

Verification of the specificity of IgE binding to Ara h 1 peptides using two serum pools preincubated with 20.5 pg

rAra h 1. Serum pool 1 was composed of sera from patients 10, 12, 18, 2 and serum pool 2 of sera from patients 6,

15, 17, 23. As a reference, the respective uninhibited serum pool fus protein buffer without rAra h 1 was used. The

exposure times are shown in parentheses.

7.1.4.2 Ara h 2 multipeptide microarray

A

Patient 1 (2 min)

Patient 2 (2 min)

Patient 3 (2 min)

Patient 4 (2 min)

Patient 5 (2 min)

Patient 6 (30 sec)
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Patient 7 (2 min)

Patient 8 (30 sec)

Patient 9 (2 min)

Patient 10 (30 sec)

Patient 11 (2 min)

Patient 12 (30 sec)

Patient 13 (2 min)

Patient 14 (2 min)

Patient 15 (30 sec)

Patient 16 (2 min)

Patient 17 (30 sec)

Patient 18 (30 sec)
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Patient 19 (30 sec)

Patient 20 (2 min)

Patient 21 (30 sec)

Patient 23 (30 sec)

Patient 22 (30 sec)

Patient 24 (2 min)

Patient 25 (1 min)

Patient 26 (1 min)

Patient 27 (2 min)

Patient 28 (2 min)

Patient 29 (2 min)
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Patient 30 (2 min)

Patient 31 (2 min)

Patient 32 (2 min)

Patient 33 (2 min)

Patient 34 (2 min)

Patient 35 (2 min)

C
Non-allergic control serum N_2 (2 min) Non-allergic control serum N_3 (2 min)
Non-allergic control serum N_4 (2 min) DLab71S1_1 (2 min)
DLab71S1_2 (2 min) DLab71S1_3 (2 min)
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DLab71S1_4 (2 min) DLab72S1_1 (2 min)

DLab72S1_2 (2 min) DLab72S1_3 (2 min)

DLab72S1_4 (2 min)

Figure A15: IgE immunodetection of Ara h 2 peptides using  peanut-allergic, peanut-tolerant and control sera.

Peptides representing Arah 2.01_P, Ara h 2.01_Hyp, Arah 2.02_P anéra h 2.02_Hyp were spotted in quadruplicate
and analyzed for their IgE binding using sera from peanut-allergic children (A), peanut-sensitized but tolerant
children (B) and control sera (C). The exposure times are shownin parentheses and ranged from 30 sedo 2 min.

Numbers written behind control sera represent the respective developed X-ray film.

Serum pool + protein buffer (30 sec) Serum pool + rAra h 2.02 (30 sec)

Serum pool + native peanut extract (30 sec) Serum pool + red./alk. peanut e xtract (30 sec)

Figure A16: Inhibition of IgE binding to Ara h 2 peptides.

Verification of the specificity of IgE binding to Ara h 2 peptides using one serum pool preincubated with 13.5 pg
rAra h 2.02, 9.5 ug native peanut extract or 9.5 pg reduced/alkylated peanut extract. The used serum pool was
composed of sera from patients 6, 7, 8, 10, 12, 15, 18, 21, 22 and 3. As a reference, uninhibited serum pool plus

protein buffer without inhibitor was used. The exposure times are shown in parentheses.
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7.1.4.3 Pis s 1 multipeptide microarray

A
Patient 1 (30 sec) Patient 2 (2 min)
Patient 3 (1 min) Patient 4 (30 sec)
Patient 5 (2 min) Patient 6 (2 min)
Patient 7 (2 min) Patient 8 (30 sec)
Patient 9 (2 min) Patient 10 (2 min)
Patient 11 (2 min) Patient 12 (2 sec)
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Patient 13 (2 min) Patient 14 (2 min)
B
Patient 15 (2 min) Patient 16 (2 min)
Patient 17 (2 min) Patient 18 (2 min)
Patient 19 (2 min)
C

Serum A (2 min) Serum B (2 min)

Serum C (2 min) Serum D (2 min)
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Serum E (2 min) Serum F (2 min)
Serum G (2 min) Serum H (2 min)
Serum | (2 min) Serum J (2 min)

Figure A17: IgE immunodetection of Pis s 1 peptides using pea-allergic,  pea-tolerant and control sera.
Peptides representing Pis s 1 were spotted in quadruplicate and analyzedbr their IgE binding using sera from pea-
allergic children (A), pea-sensitized but tolerant children (B) and contro | sera (C). The exposure times are shown in

parentheses and ranged from 2 se¢o 2 min.

Serum pool 1 + protein buffer (1 min) Serum pool 1 + rPis s 1 (1 min)

Serum pool 2 + protein buffer (1 mi n) Serum pool 2 + rPis s 1 (1 min)

Figure A18: Inhibition of IgE binding to Pis s 1 peptides.

Verification of the specificity of IgE binding to Pis s 1 peptides using two seum pools preincubated with 30 pg rPiss 1.
Serum pool 1 was composed of sera from patients 1, 4, 8 and serum pool 2 of & from patients 3, 10, 11, 13. As a
reference, the respective uninhibited serum pool plus protein buffer without inhibitor was used. The exposure times

are shown in parentheses.
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7.1.4.4 PAL1/PA2 multipeptide microarray
A

Patient 1 (30 sec) Patient 16 (30 sec)

Non-allergic control serum N (30 sec) PEI177 (30 sec)

Figure A19: Spotting layout and IgE immunodetection of PA1 and PA2 peptides using pea-allergic, pea-
tolerant and control sera.

(A) Spotting layout of PA1 and PA2 multipeptide microarray. For simplification, on ly the left segment of the
multipeptide microarray is shown. Peptide spots representing PA1 and PA2 areshown in light blue and dark blue,
respectively. PA1 and PA2 are represented by 24 and 55 peptides, regectively. Biotinylated control peptides,
BCCSFWJBUFE CZ B w$w XF SridiffegeRtUdilfoRs ¢tap &ty r@iddlé BgBitaRd bottom right on each
array element) and were used as position markers. Gray empty spots represerblank spots composed of peptide
printing buffer (DMSO). Blue empty spots represent internal control peptides not relevant for peptide analysis. (B)
IgE immunodetection of patient 1 (allergic) , patient 16 (tolerant ) and two control sera (serum N and PEI177) after

30 sec exposure.

Appendix 189



7.1.4.5 Gly m 5.03 multipeptide microarray

A
Patient 1 (30 sec) Patient 2 (30 sec)
Patient 3 (30 sec) Patient 4 (30 sec)
Patient 5 (30 sec) Patient 6 (30 sec)
B
Patient 7 (30 sec) Patient 8 (30 sec)
Patient 9 (30 sec) Patient 10 (30 sec)
Patient 11 (15 sec) Patient 12 (30 sec)
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Patient 13 (30 sec) Patient 14 (30 sec)
Patient 15 (30 sec) Patient 16 (30 sec)
Patient 17 (30 sec) Patient 18 (30 sec)
Patient 19 (30 sec) Patient 20 (30 sec)

Patient 21 (30 sec)
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Non-allergic control serum N_1 (30 sec) Non-allergic control serum N_2 (30 sec)

Figure A20: IgE immunodetection of Gly m 5.03 peptides usin g soybean-allergic, soybean-tolerant and control
sera.

Peptides representing Gly m 5.0301 and Gly m 5.0302 were spotted inquadruplicate and analyzed for their IgE
binding using sera from soybean-allergic children (A), soybean-sensitized but téerant children (B) and control sera
(C). The exposure times are shown in parentheses and ranged from & secto 30 sec. Numbers written behind control

serum represent the respective developed X-ray film.

7.1.4.6 Gly m 8 multipeptide microarray
A

Patient 1 (30 sec) Patient 2 (30 sec)
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Patient 3 (30 sec)

Patient 4 (30 sec)

Patient 5 (30 sec)

Patient 6 (30 sec)

Patient 7 (30 sec)

Patient 8 (30 sec)

Patient 9 (30 sec)

Patient 10 (30 sec)

Patient 11 (15 sec)

Patient 12 (30 sec)

Patient 13 (30 sec)

Patient 14 (30 sec)
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Patient 15 (30 sec) Patient 16 (30 sec)
Patient 17 (30 sec) Patient 18 (30 sec)
Patient 19 (30 sec) Patient 20 (30 sec)

Patient 21 (30 sec)

Non-allergic control serum N_1 (30 sec) Non-allergic control serum N_2 (30 sec)

Figure A21: Spotting layout and IgE immunodetection of Gly m 8 peptides using soybean-allergic, soybean-
tolerant and control sera.

(A) Spotting layout of Gly m 8 multipeptide microarray. For simplification, only the left segment of the multipeptide
microarray is shown. Full-length sequence of Gly m 8 is represented by 3 peptides that were spotted (each 0.04 U M
in duplicate on each segment leading to quadruplicate peptide presatation on the whole array. Biotinylated control
peptides BCCSFWJBUFE CZ Bed bhwuplt&sSih differéht/dilutions (top left and bottom right on e ach
array element) and were used as position markers. Gray empty spots represg blank spots composed of peptide
printing buffer (DMSO). Blue empty spots represent internal control peptides not relevant for peptide analysis. (B)
IgE immunodetection of soybean-allergic children, (C) of soybean-tolerant diildren and (D) of control sera. The

exposure times are shown in parentheses and ranged from 15 set 30 sec.
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7.1.5 Calculated Z-scores of patients and controls

7.1.5.1 Calculated Z-scores of Ara h 1 peptides

Table Al: Calculated Z-scores of Ara h 1 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 1 for each peanut-adirgic patient (patients 1-7) are listed. Identified
candidate diagnostic peptides are highlighted in light blue.
Patient No. : 1 2 3 4 5 6 7
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score Z-score

1 K-S-S-P-Y-Q-K-K-T-E-N-P-C-A-Q -0.43249 | -1.18966 | -3.05334 | -0.09238 | -0.65726 | 7.716425 | -0.86427
2 Y-Q-K-K-T-E-N-P-C-A-Q-R-C-L-Q -0.2293 | -0.97681 | -2.40181 | 1.058556 | -0.65098 | 8.98971 | 0.126512
3 T-E-N-P-C-A-Q-R-C-L-Q-5-C-Q-Q 0.153717 | -0.62976 | -2.5701 | 1.477649 | -0.69201 | 2.972944 | -0.59167
4 C-A-Q-R-C-L-Q-S-C-Q-Q-E-P-D-D 0.563348 | -1.05131 | -2.33272 | 1.088213 | -0.49084 | 8.195964 | -0.71917
5 C-L-Q-S-C-Q-Q-E-P-D-D-L-K-Q-K 1.443808 | -0.28428 | -1.65926 | 2.21333 | -0.8318 | 1.848827 | -1.26008
6 C-Q-Q-E-P-D-D-L-K-Q-K-A-C-E-S -0.66379 | 2.051137 | -3.33817 | -0.41734 | -1.50153 | 1.121159 | -1.41863
7 P-D-D-L-K-Q-K-A-C-E-S-R-C-T-K -0.14799 | -1.12187 | -2.29136 | 1.653279 | -0.87354 | 4.04668 | -0.69242
8 K-Q-K-A-C-E-S-R-C-T-K-L-E-Y-D 0.48681 | -0.99994 | -2.88187 | 5.476836 | -0.88659 | 0.771805 | -0.81759
9 C-E-S-R-C-T-K-L-E-Y-D-P-R-C-V 0.534612 | 1.138048 | -1.91411 | 3.82531 | -0.68819 | 0.306613 | -0.65364
10 C-T-K-L-E-Y-D-P-R-C-V-Y-D-P-R 0.655743 | -0.8854 | -2.34763 | 4.414928 | -1.11059 | 1.005971 | -0.74646
11 E-Y-D-P-R-C-V-Y-D-P-R-G-H-T-G 0.634182 | -0.91976 | -1.6751 | 0.439552 | -0.53513 | -0.24683 | -0.91261
12 R-C-V-Y-D-P-R-G-H-T-G-T-T-N-Q 0.284124 | -1.60874 | -2.96043 | 0.435003 | -1.51376 | 6.293259 | -1.44391
13 D-P-R-G-H-T-G-T-T-N-Q-R-S-P-P 2.609384 | -0.6158 | -1.68992 | 0.874976 | -0.93787 | 1.920053 | -0.29025
14 H-T-G-T-T-N-Q-R-S-P-P-G-E-R-T 1.816218 | -1.21229 | -2.31373 | 1.663906 | -1.08872 | 3.696066 | 0.102456
15 T-N-Q-R-S-P-P-G-E-R-T-R-G-R-Q 1.216094 | -2.00447 | -2.11337 | 2.492032 | -2.00506 | 6.960738 | -0.93245
16 S-P-P-G-E-R-T-R-G-R-Q-P-G-D-Y 4178911 | -1.64683 | -2.83959 | 1.789947 | -1.60216 | 67.89797 | -1.43876
17 E-R-T-R-G-R-Q-P-G-D-Y-D-D-D-R 10.12458 | -1.28711 | -2.23356 | 0.344458 | -0.8324 | 81.6531 | -0.84989
18 G-R-Q-P-G-D-Y-D-D-D-R-R-Q-P-R 0.499342 | -1.14904 | -2.52441 | 8.420034 | -1.62162 | -0.07544 | -1.38884
19 G-D-Y-D-D-D-R-R-Q-P-R-R-E-E-G 0.645933 | -0.97055 | -3.05236 | 2.786423 | -1.81955 | -0.31908 | -1.49194
20 D-D-R-R-Q-P-R-R-E-E-G-G-R-W-G -0.85795 | -0.57554 | -3.17097 | 1.561276 | -0.9283 | 3.664378 | -0.76688
21 Q-P-R-R-E-E-G-G-R-W-G-P-A-G-P -1.06165 | -1.46187 | -3.35184 | 0.753237 | -1.44382 | 76.18538 | -1.50043
22 E-E-G-G-R-W-G-P-A-G-P-R-E-R-E -0.40662 | -0.95559 | -2.55054 | -0.51915 | -0.97002 | 81.88536 | -0.6107
23 R-W-G-P-A-G-P-R-E-R-E-R-E-E-D 0.429307 | -0.68273 | -2.33809 | 0.260981 | -0.41173 | 7.670801 | -0.626
24 A-G-P-R-E-R-E-R-E-E-D-W-R-Q-P -1.40584 | -2.09736 | -3.83454 | 2.92855 | -1.56015 | 5.770623 | -1.53188
25 E-R-E-R-E-E-D-W-R-Q-P-R-E-D-W -0.71285 | -0.88072 | -2.60752 | 1.588496 | -0.71774 | 59.90033 | -0.60705
26 E-E-D-W-R-Q-P-R-E-D-W-R-R-P-S -0.98825 | -1.48975 | -3.26446 | -0.27369 | -1.26383 | 60.52137 | -1.21396
27 R-Q-P-R-E-D-W-R-R-P-S-H-Q-Q-P -0.75524 | -1.13707 | -2.65027 | 0.466622 | -0.96579 | 53.11317 | -0.52431
28 E-D-W-R-R-P-S-H-Q-Q-P-R-K-I-R 4.940022 | -0.99485 | -0.36389 | 1.985738 | -0.51119 | 78.19949 | 2.075901
29 R-P-S-H-Q-Q-P-R-K-I-R-P-E-G-R 2265152 | -1.04701 | -1.68812 | 4.222064 | -1.18299 | 28.881 |0.111065
30 Q-Q-P-R-K-I-R-P-E-G-R-E-G-E-Q 1.034502 | -0.75841 | -1.71815 | 3.888645 | -0.75447 | 38.68586 | -0.30765
31 K-I-R-P-E-G-R-E-G-E-Q-E-W-G-T -0.65872 | -1.05522 | -2.82396 | 7.031268 | -1.39863 | 4.558378 | -0.05905
32 E-G-R-E-G-E-Q-E-W-G-T-P-G-S-H -0.06651 | -0.80743 | -2.30485 | 1.767797 | -0.63977 | 8.899734 | -0.39689
33 G-E-Q-E-W-G-T-P-G-S-H-V-R-E-E -0.02294 | -0.94347 | -2.71136 | 2.738762 | -1.23242 | 7.549486 | -0.63765
34 W-G-T-P-G-S-H-V-R-E-E-T-S-R-N 1.628933 | -0.62304 | -2.10483 | 1.045301 | -0.80641 | 5.973505 | -0.33938
35 G-S-H-V-R-E-E-T-S-R-N-N-P-F-Y 0.636331 | -0.47137 | -1.82097 | 0.279929 | -0.40971 | 3.96377 | -0.06044
36 R-E-E-T-S-R-N-N-P-F-Y-F-P-S-R 2.021754 | -1.21388 | -2.28538 | 1.723476 | -1.21498 | 6.878459 | 0.359025
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37 S-R-N-N-P-F-Y-F-P-S-R-R-F-S-T -1.61488 -3.90439 | 1.386388 | -0.10317 -4.13888 | 2.741538 | 5.037962
38 P-F-Y-F-P-S-R-R-F-S-T-R-Y-G-N -3.6408 -5.25917 -4.80843 | 0.253403 | -5.55455 -1.36342 | 2.386002
39 P-S-R-R-F-S-T-R-Y-G-N-Q-N-G-R 0.64892 -1.69285 -0.25422 | 7.108303 | -2.46291 -1.47748 | -0.03432
40 F-S-T-R-Y-G-N-Q-N-G-R-I-R-V-L -1.00631 -5.05172 -2.73662 | 14.43878 | -5.58905 | 1.131453 | -3.24344
41 Y-G-N-Q-N-G-R-I-R-V-L-Q-R-F-D -2.5026 -4.52551 -2.23956 | 7.177587 | -4.36578 -1.71137 | -2.06414
42 N-G-R-I-R-V-L-Q-R-F-D-Q-R-S-R -1.54719 -2.4935 0.936244 | 0.204262 | -2.45237 | 1.437799 | 6.335763
43 R-V-L-Q-R-F-D-Q-R-S-R-Q-F-Q-N 0.271093 | -0.70221 -2.83464 | 0.730639 | -1.49754 | 2.598513 | -1.27939
44 R-F-D-Q-R-S-R-Q-F-Q-N-L-Q-N-H -0.34418 -0.84256 -3.47266 | 1.224827 | -1.25758 14.0627 -0.93492
45 R-S-R-Q-F-Q-N-L-Q-N-H-R-I-V-Q -0.94922 -2.2791 -4.09536 | 9.261045 | -2.78771 0.6901 -0.64
46 F-Q-N-L-Q-N-H-R-I-V-Q-I-E-A-K -1.66267 -2.39744 -4.48915 | 5.254972 -3.1985 -0.78143 | -0.75585
a7 Q-N-H-R-I-V-Q-I-E-A-K-P-N-T-L 0.321422 | -0.22564 -1.83485 | 0.184521 | -0.70741 3.47718 | -0.15816
48 1-V-Q-I-E-A-K-P-N-T-L-V-L-P-K 0.795895 | -0.72068 -2.32937 | 5.107443 | -1.13325 | 4.954379 | -0.51515
49 E-A-K-P-N-T-L-V-L-P-K-H-A-D-A 0.969916 | -1.22504 -2.65041 | 3.547122 | -1.23345 | 30.48927 | 0.175025
50 N-T-L-V-L-P-K-H-A-D-A-D-N-I-L 0.203866 | -0.99771 -2.49364 | 2.809642 | -0.67304 13.3791 | -0.49408
51 L-P-K-H-A-D-A-D-N-I-L-V-I-Q-Q 0.594593 -1.6771 -2.82755 12.739 -1.78432 16.81422 | -0.01487
52 A-D-A-D-N-I-L-V-I-Q-Q-G-Q-A-T -1.32498 -2.92181 -4.15424 | 7.809956 | -3.21609 10.47864 | -1.55307
53 N-I-L-V-I-Q-Q-G-Q-A-T-V-T-V-A 0.301779 | 0.108303 | -1.96744 | 3.858029 | -1.20503 | 15.00025 | 0.098984
54 1-Q-Q-G-Q-A-T-V-T-V-A-N-G-N-N 1.666052 | -0.89511 -2.61061 | 8.318539 | -1.97238 | 6.707803 | -0.39158
55 Q-A-T-V-T-V-A-N-G-N-N-R-K-S-F -0.40526 -3.13219 -3.45844 | 22.60138 | -3.93254 | 8.712123 | -1.77557
56 T-V-A-N-G-N-N-R-K-S-F-N-L-D-E 2.110252 | -1.19142 -2.95207 | 9.664301 | -1.84787 15.97225 | 0.406638
57 G-N-N-R-K-S-F-N-L-D-E-G-H-A-L -0.04463 -3.27968 -4.6761 16.18581 | -4.00906 | 7.527263 | -1.70687
58 K-S-F-N-L-D-E-G-H-A-L-R-I-P-S 0.951784 | -0.39681 -2.24812 | 7.449546 | -0.95312 | 2.657548 | 0.436556
59 L-D-E-G-H-A-L-R-I-P-S-G-F-I-S 0.354827 | -0.84085 -0.75271 -0.33647 -0.87988 | 5.476149 | 0.185419
60 H-A-L-R-I-P-S-G-F-I-S-Y-I-L-N 1.27983 -0.34013 -1.90229 | 4.789845 | -0.69278 | 3.275921 | -0.19787
61 I-P-S-G-F-I-S-Y-I-L-N-R-H-D-N -1.44875 -2.2778 -3.48475 | 5.888362 | -2.59275 -1.22461 | -0.60346
62 F-I-S-Y-I-L-N-R-H-D-N-Q-N-L-R -0.56413 -3.99176 -3.09968 4.02033 -4.35063 | 2.003851 | 0.121354
63 I-L-N-R-H-D-N-Q-N-L-R-V-A-K-I| -0.29482 -2.41932 -4.8978 7.745597 | -3.48009 -1.30032 | -1.52099
64 H-D-N-Q-N-L-R-V-A-K-I-S-M-P-V 0.763553 | -2.10075 -3.1747 9.112189 -2.6302 1.556026 | -0.03869
65 N-L-R-V-A-K-1-S-M-P-V-N-T-P-G 1.762748 | -0.65806 -1.54009 | 1.387809 | -1.26901 | 4.943701 | -0.14482
66 A-K-1-S-M-P-V-N-T-P-G-Q-F-E-D 0.097679 | -2.00263 -2.70565 | 2.404973 | -2.45659 | 3.865393 | -2.0749
67 M-P-V-N-T-P-G-Q-F-E-D-F-F-P-A 2.081545 | -1.66788 -3.16714 | 7.203564 -2.6671 -1.41603 | -2.08979
68 T-P-G-Q-F-E-D-F-F-P-A-S-S-R-D 2.276861 -0.7278 -3.8584 7.067924 | -2.77275 | 7.948578 | -1.18195
69 F-E-D-F-F-P-A-S-S-R-D-Q-S-S-Y 1.174604 | -3.72272 -6.29759 | 20.07324 | -5.30457 -1.65357 | -1.29931
70 F-P-A-S-S-R-D-Q-S-S-Y-L-Q-G-F 1.6363 -1.74259 -3.67252 | 7.208388 | -2.34978 | 1.939091 | -0.43325
71 S-R-D-Q-S-S-Y-L-Q-G-F-S-R-N-T 0.003564 | -0.53398 -1.91013 2.44172 -0.73358 | 5.228478 | 0.554209
72 S-S-Y-L-Q-G-F-S-R-N-T-L-E-A-A 1.343762 | -1.98017 -1.80987 | 6.121739 | -2.19501 | 46.65005 | -0.26445
73 Q-G-F-S-R-N-T-L-E-A-A-F-N-A-E 1.023823 | -0.90585 -1.99593 | 2.139241 | -0.94896 | 19.84758 | -0.1404
74 R-N-T-L-E-A-A-F-N-A-E-F-N-E-I 0.487275 -0.8667 -2.31442 | 5.184757 | -0.82155 | 18.61958 | 0.406454
75 E-A-A-F-N-A-E-F-N-E-I-R-R-V-L -2.26439 -3.50915 -4.63532 | 6.326209 | -3.96216 | 84.79687 | -0.81812
76 N-A-E-F-N-E-I-R-R-V-L-L-E-E-N -1.97503 -2.73207 -3.96148 | 4.349267 | -3.12254 | 17.50704 | -1.02198
77 N-E-I-R-R-V-L-L-E-E-N-A-G-G-E 1.019229 | -0.27111 -0.96504 | 3.539903 | -0.76229 | 4.903384 | 0.877217
78 R-V-L-L-E-E-N-A-G-G-E-Q-E-E-R -0.39796 -1.09535 -2.21322 | 15.47838 | -1.34488 | 2.734498 | -0.15986
79 E-E-N-A-G-G-E-Q-E-E-R-G-Q-R-R -0.27188 -2.13181 -3.10937 | 7.975181 | -2.59953 82.8984 | 0.016161
80 G-G-E-Q-E-E-R-G-Q-R-R-W-S-T-R -1.18236 -0.83977 -3.09828 | 4.938107 | -1.36916 | 71.03789 | -0.18467
81 E-E-R-G-Q-R-R-W-S-T-R-S-S-E-N -0.88357 -1.12268 -2.95214 | 3.641478 | -1.90443 | 1.887181 | -1.37766

196 Appendix



82 Q-R-R-W-S-T-R-S-S-E-N-N-E-G-V 0.010135 -0.57115 -2.16878 6.035965 -1.05423 3.055322 -0.5497
83 S-T-R-S-S-E-N-N-E-G-V-I-V-K-V 0.349271 -0.71599 -2.16071 0.067494 -0.6455 4.35222 -0.54183
84 S-E-N-N-E-G-V-I-V-K-V-S-K-E-H 0.619446 -0.64471 -2.0279 0.867102 -0.57462 3.853674 | -0.07418
85 E-G-V-I-V-K-V-S-K-E-H-V-E-E-L 0.176544 | -0.95783 | -2.69025 | 2578179 | -1.09293 | 4.65444 | -0.6995
86 V-K-V-S-K-E-H-V-E-E-L-T-K-H-A 1.029564 | -0.73646 | -1.99448 | 578152 | -0.7728 | 3.759325 | 0.359229
87 K-E-H-V-E-E-L-T-K-H-A-K-S-V-S 1.60631 -0.60872 -1.65484 1.650923 -0.48078 2.590366 | -0.13638
88 E-E-L-T-K-H-AK-S-V-S-K-K-G-S 4.137314 | -1.84453 | -1.87632 | 12.86526 | -3.04345 | 7.045041 | 0.083039
89 K-H-A-K-S-V-S-K-K-G-S-E-E-E-G 0.620582 -1.14283 -2.26767 0.840543 -1.05761 1.924737 | -0.46654
90 S-V-S-K-K-G-S-E-E-E-G-D--T-N 0.943515 | -1.08291 | -2.35526 | 1550687 | -1.44285 | 1.899378 | -0.94539
91 K-G-S-E-E-E-G-D-I-T-N-P-I-N-L 1.974438 -2.46689 -3.80354 2.726453 -3.45365 | 41.15605 | -3.09655
92 E-E-G-D-I-T-N-P-I-N-L-R-E-G-E 0.22862 -0.62852 -3.16838 | 4.254572 -1.46068 79.51409 | -0.95017
93 I-T-N-P-I-N-L-R-E-G-E-P-D-L-S 0.363528 -0.60529 -2.73898 1.296163 -1.11378 15.28644 | -0.85971
94 I-N-L-R-E-G-E-P-D-L-S-N-N-F-G -1.22606 -2.38749 -4.7741 5.363796 -3.81699 3.868038 | -2.57686
95 E-G-E-P-D-L-S-N-N-F-G-K-L-F-E 0.69008 | -0.18977 | -1.78817 | 0.455686 | -0.32037 | 23.86536 | -0.04119
96 D-L-S-N-N-F-G-K-L-F-E-V-K-P-D 0.095137 -1.33558 -2.82432 3.57121 -1.46772 71.06849 | -0.03759
97 N-F-G-K-L-F-E-V-K-P-D-K-K-N-P 0.286455 | -0.33365 | -1.52579 | 0.120074 | -0.1989 | 87.98348 | 0.597717
98 L-F-E-V-K-P-D-K-K-N-P-Q-L-Q-D 0.985374 -0.23446 -1.40196 0.416865 -0.5247 33.65645 | -0.05545
99 K-P-D-K-K-N-P-Q-L-Q-D-L-D-M-M -0.29081 | -0.96209 | -2.08834 | 1.909313 | -0.52197 | 34.5097 | -0.05699
100 K-N-P-Q-L-Q-D-L-D-M-M-L-T-C-V -0.23861 -0.8442 -1.73651 0.38165 -0.62912 11.72243 | -0.43121
101 L-Q-D-L-D-M-M-L-T-C-V-E-I-K-E 0.065326 -0.2387 -1.04457 1.169097 -0.49752 1.17193 -0.1127
102 D-M-M-L-T-C-V-E-I-K-E-G-A-L-M 052351 | 0.005215 | -1.46727 | 0.730989 | -0.52578 | 7.882506 | 0.078658
103 T-C-V-E-I-K-E-G-A-L-M-L-P-H-F 0.390627 | -0.4551 | -1.47642 | 0.445399 | -0.25364 | 10.56739 | -0.10895
104 I-K-E-G-A-L-M-L-P-H-F-N-S-K-A 0.678282 -0.24142 -1.89884 1.928522 -0.34137 5.38557 | 0.928582
105 A-L-M-L-P-H-F-N-S-K-A-M-V-I-V 1.10833 -0.59734 -1.70139 0.535054 -0.63438 14.95519 | 0.626058
106 P-H-F-N-S-K-A-M-V-I-V-V-V-N-K 0.224611 -0.55107 -1.52634 0.202799 -0.70191 0.916232 | 0.094881
107 S-K-A-M-V-1-V-V-V-N-K-G-T-G-N 0.929518 | -0.83905 | -1.78553 | -0.42105 | -0.58485 | 7.496838 | -0.50099
108 V-I-V-V-V-N-K-G-T-G-N-L-E-L-V 1.103849 | 0.010972 -1.53444 | 0.860202 -0.21427 2.499031 | 0.296273
109 V-N-K-G-T-G-N-L-E-L-V-A-V-R-K 1476227 | -0.3665 | -1.61933 | -0.15819 | -0.90177 | 5.014058 | -0.41616
110 T-G-N-L-E-L-V-A-V-R-K-E-Q-Q-Q 0.812081 | -1.00644 | -2.01111 | 1.745129 | -0.83667 | 8.070343 | -0.01603
111 E-L-V-A-V-R-K-E-Q-Q-Q-R-G-R-R 0.306754 | -1.29848 | -0.50695 | 1.555976 | -1.61355 | 22.57317 | 0.803256
112 V-R-K-E-Q-Q-Q-R-G-R-R-E-E-E-E 0.078815 -0.80032 -2.77954 4.94899 -1.70217 3.583848 | -1.90107
113 Q-Q-Q-R-G-R-R-E-E-E-E-D-E-D-E 1.158755 | -0.4896 | -1.79243 | 2.329585 | -0.96563 | 0.448798 | -0.30257
114 G-R-R-E-E-E-E-D-E-D-E-E-E-E-G 0.150689 -0.81422 -2.54762 -0.08744 -1.45023 -0.96502 | -1.56727
115 E-E-E-D-E-D-E-E-E-E-G-S-N-R-E 1.672738 -1.59803 -3.12167 3.3619 -2.04558 -1.28224 | -1.93551
116 E-D-E-E-E-E-G-S-N-R-E-V-R-R-Y -1.16297 | -2.06335 | -4.02093 | 1.705248 | -2.59788 | 3.063667 | -1.50236
117 E-E-G-S-N-R-E-V-R-R-Y-T-A-R-L -0.75254 | -1.55481 | -3.60538 | 0.118237 | -2.69302 | 5.949141 | 0.456818
118 N-R-E-V-R-R-Y-T-A-R-L-K-E-G-D -1.92506 | -2.85343 | -4.8028 | -0.62052 | -4.11738 | 10.09974 | -1.58336
119 R-R-Y-T-A-R-L-K-E-G-D-V-F-I-M -1.76455 -2.34967 -3.61761 1.666245 -2.62181 12.91177 | -0.40054
120 A-R-L-K-E-G-D-V-F-I-M-P-A-A-H -0.18742 -0.66667 -1.92492 1.311712 -0.47342 8.499678 | -0.16121
121 E-G-D-V-F-I-M-P-A-A-H-P-V-A-| 0.34946 -0.50288 -1.66923 -0.0182 -0.36326 13.05531 | 0.204164
122 F-I-M-P-A-A-H-P-V-A-I-N-A-S-S 1.25892 -0.60374 -1.87249 -0.73392 -0.67999 17.804 -0.61094
123 A-A-H-P-V-A--N-A-S-S-E-L-H-L 1.245033 | -0.29496 | -1.47561 | 0.488373 | -0.39192 | 9.969459 | -0.27587
124 V-A-I-N-A-S-S-E-L-H-L-L-G-F-G 0.905583 -0.35988 -2.10398 1.256405 -0.9979 2.617616 | -0.51217
125 A-S-S-E-L-H-L-L-G-F-G-I-N-A-E 0721812 | -0.68413 | -0.73892 | 5.691862 | -0.93617 | 1.93768 | 0.801827
126 L-H-L-L-G-F-G-I-N-A-E-N-N-H-R -0.18883 -0.35492 -1.08954 1.70115 -0.94341 1.156267 | 2.945872
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127 G-F-G-I-N-A-E-N-N-H-R-I-F-L-A 0.859069 | -1.03097 -1.37157 | 4.770907 | -1.28904 | 5.671551 | 1.244614
128 N-A-E-N-N-H-R-I-F-L-A-G-D-K-D 1.811148 | -0.05654 -1.71842 | 1.193345 | -0.89886 | 41.52316 | 0.340664
129 N-H-R-I-F-L-A-G-D-K-D-N-V-I-D 0.689382 | -0.93498 -2.56878 | 6.038987 | -1.64294 | 34.07875 | -0.12066
130 F-L-A-G-D-K-D-N-V-I-D-Q-I-E-K -0.86229 -1.16338 -3.08074 1.12141 -2.24074 | 3.813532 | -1.53249
131 D-K-D-N-V-I-D-Q-I-E-K-Q-A-K-D 0.601287 | -0.84525 -2.34227 0.4441 -1.01161 | 3.196559 | -0.2558
132 V-I-D-Q-I-E-K-Q-A-K-D-L-A-F-P 0.426946 0.2044 -1.31044 | 0.142505 | -0.10134 | 12.89432 | -0.04939
133 I-E-K-Q-A-K-D-L-A-F-P-G-S-G-E 1.395817 | -0.13212 -1.37324 0.28643 -0.41136 | 32.46964 | -0.20266
134 A-K-D-L-A-F-P-G-S-G-E-Q-V-E-K 4.439058 | 0.345446 | -1.45834 | 0.167279 | -0.44265 | 56.61579 | -0.31642
135 A-F-P-G-S-G-E-Q-V-E-K-L-I-K-N 1.561207 | -0.57819 -1.84461 -0.16999 -1.69778 | 8.622022 | -1.04232
136 S-G-E-Q-V-E-K-L-I-K-N-Q-K-E-S 0.727859 | -0.76574 -1.89778 | 2.558091 | -1.46236 | 10.53836 | -0.67414
137 V-E-K-L-I-K-N-Q-K-E-S-H-F-V-S 1.527385 | -1.00239 -2.06928 | 1.337903 -1.4349 2.36331 | -1.27941
138 I-K-N-Q-K-E-S-H-F-V-S-A-R-P-Q 1.403968 | -1.02841 -2.32454 | 1.391209 -1.3102 6.293002 | -0.49962
139 K-E-S-H-F-V-S-A-R-P-Q-S-Q-S-Q 0.653673 | -0.58107 -2.68351 -0.61288 -0.9825 2.940888 | -0.73043
140 F-V-S-A-R-P-Q-S-Q-S-Q-S-P-S-S 1.62329 -0.69575 -2.2226 0.772396 | -1.25317 | 6.354181 | -0.86096
141 R-P-Q-S-Q-S-Q-S-P-S-S-P-E-K-E 1.29013 -3.78136 -5.68413 | 8.070539 | -5.28954 | 0.126745 | -3.70254
142 Q-S-Q-S-P-S-S-P-E-K-E-S-P-E-K -0.16997 -1.35748 -3.23488 | 1.399295 | -2.44152 | 5.067135 | -0.3413
143 P-S-S-P-E-K-E-S-P-E-K-E-D-Q-E -0.4096 -0.66911 -2.1105 1.671941 -1.1692 1.26978 | 0.644171
144 E-K-E-S-P-E-K-E-D-Q-E-E-E-N-Q -0.14961 -0.4581 -1.50818 | 1.138381 | -0.75974 | 0.698105 | -0.5293
145 P-E-K-E-D-Q-E-E-E-N-Q-G-G-K-G 0.106742 | -0.36948 -1.19924 -0.40625 -0.38914 | 5.165898 | -0.05509
146 D-Q-E-E-E-N-Q-G-G-K-G-P-L-L-S 0.560885 | -0.68346 -1.61258 | 1.074246 | -0.65625 | 11.72104 | -0.29255
147 E-N-Q-G-G-K-G-P-L-L-S-I-L-K-A -0.90939 -1.30346 -1.1399 0.047233 | -1.83448 | 13.87053 | 0.385225
148 Q-G-G-K-G-P-L-L-S-I-L-K-A-F-N 0.456469 | -0.45187 -1.2362 1.783823 | -0.87363 | 3.187916 | 0.243678
m (blanks) 12892.3 12559.93 | 13066.22 | 11346.16 12750 12111.35 | 13386.11
s (blanks) 431.2739 | 445.7373 | 676.0718 511.396 505.1061 | 521.3369 | 590.8274

Table A2: Calculated Z-scores of Ara h 1 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 1 for each peanut-adirgic patient (patients 8-14) are listed.

Identified candidate diagnostic peptides are highlighted in light blue.

Patient No. : 8 9 10 11 12 13 14
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score Z-score
1 K-S-S-P-Y-Q-K-K-T-E-N-P-C-A-Q -1.95659 -0.9748 28.32213 | -1.02056 | 3.154055 -1.3093 -0.95876
2 Y-Q-K-K-T-E-N-P-C-A-Q-R-C-L-Q -1.70399 -0.72228 27.98061 -0.96722 15.07417 -1.29529 -0.54623
3 T-E-N-P-C-A-Q-R-C-L-Q-S-C-Q-Q -1.90137 | -0.92278 | 30.25642 | -1.32067 | 5.405221 -1.42 -0.41925
4 C-A-Q-R-C-L-Q-S-C-Q-Q-E-P-D-D -2.22736 -0.88858 24.55488 -0.74194 8.777184 -1.15074 -0.16411
5 C-L-Q-S-C-Q-Q-E-P-D-D-L-K-Q-K -2.68886 | -1.13065 | 30.47329 | -1.04345 54.6107 -1.62027 | -0.20494
6 C-Q-Q-E-P-D-D-L-K-Q-K-A-C-E-S -2.96386 | -1.53973 | 4.569288 | -1.99576 36.5301 -2.26513 | -1.21718
7 P-D-D-L-K-Q-K-A-C-E-S-R-C-T-K -3.06115 -1.21949 29.04902 -1.44213 | 4.512134 -1.74131 -0.30216
8 K-Q-K-A-C-E-S-R-C-T-K-L-E-Y-D -2.50033 -1.02714 15.88542 -1.16613 3.087929 -1.6131 -0.25352
9 C-E-S-R-C-T-K-L-E-Y-D-P-R-C-V -2.0122 -0.63176 | 9.339628 | -1.05525 | 1.836523 | -1.48725 | 0.04713
10 C-T-K-L-E-Y-D-P-R-C-V-Y-D-P-R -3.13689 -0.90988 24.98933 -1.43512 4.969902 -1.79121 -0.24999
11 E-Y-D-P-R-C-V-Y-D-P-R-G-H-T-G -1.65627 | -0.76646 | 4.96319 -0.95284 | 0.437485 | -1.46187 | 0.035702
12 R-C-V-Y-D-P-R-G-H-T-G-T-T-N-Q -3.76779 | -1.40395 | 20.80713 | -1.86595 | 8.541282 | -2.18965 | -0.79305
13 D-P-R-G-H-T-G-T-T-N-Q-R-S-P-P -2.72852 -1.01334 32.48072 -1.19182 20.23727 -1.89416 -0.11027
14 H-T-G-T-T-N-Q-R-S-P-P-G-E-R-T -3.04365 -1.14844 20.47111 -1.67933 27.20273 -1.8419 -0.14598
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15 T-N-Q-R-S-P-P-G-E-R-T-R-G-R-Q -4.35739 -1.76217 31.43215 | -2.22998 | 67.17763 -2.5868 -1.03452
16 S-P-P-G-E-R-T-R-G-R-Q-P-G-D-Y -4.60482 -1.61098 | 43.95711 | -2.17648 | 40.16761 -2.47917 -0.43438
17 E-R-T-R-G-R-Q-P-G-D-Y-D-D-D-R -4.27141 -0.89645 | 44.84097 | -1.75723 62.55321 -1.8174 0.151566
18 G-R-Q-P-G-D-Y-D-D-D-R-R-Q-P-R -4.92826 | -2.26625 | 40.27803 | -2.31852 | 2.922465 | -3.20201 | -1.0525
19 G-D-Y-D-D-D-R-R-Q-P-R-R-E-E-G -4.30468 -2.01768 33.4155 -1.56813 | 4.812093 -2.24927 -2.15071
20 D-D-R-R-Q-P-R-R-E-E-G-G-R-W-G -3.84646 -0.77439 | 40.84421 | -0.79981 | 4.347127 -1.15198 -1.63586
21 Q-P-R-R-E-E-G-G-R-W-G-P-A-G-P -4.08243 | -1.30404 | 39.99965 | -1.09358 | 42.02121 | -1.68646 | -157333
22 E-E-G-G-R-W-G-P-A-G-P-R-E-R-E -3.20261 -0.9118 38.09706 | -0.81459 56.07108 -1.31945 -1.10252
23 R-W-G-P-A-G-P-R-E-R-E-R-E-E-D 21785 | -0.13587 | 28.48982 | -0.83454 | 10.54478 | -0.82855 | -1.06853
24 A-G-P-R-E-R-E-R-E-E-D-W-R-Q-P -4.01635 -1.67219 27.05348 | -1.36109 11.67284 | -2.45914 -2.01368
25 E-R-E-R-E-E-D-W-R-Q-P-R-E-D-W -2.34874 -0.74291 20.3634 -0.81399 13.07171 -1.07726 -0.63446
26 E-E-D-W-R-Q-P-R-E-D-W-R-R-P-S -2.43097 -1.25448 | 31.45863 | -1.69233 56.73027 -1.71155 -1.18392
27 R-Q-P-R-E-D-W-R-R-P-S-H-Q-Q-P -2.42284 -0.88603 27.67624 | -1.34498 | 48.56553 -1.37356 -1.07931
28 E-D-W-R-R-P-5-H-Q-Q-P-R-K-I-R -1.7439 | -0.75816 | 39.15998 | -0.84611 | 51.25444 | -0.98538 | -0.02562
29 R-P-S-H-Q-Q-P-R-K-I-R-P-E-G-R -1.55411 -1.34788 | 41.66455 -1.2656 64.91187 -1.60245 -0.11078
30 Q-Q-P-R-K-I-R-P-E-G-R-E-G-E-Q -2.41992 -0.74356 40.1034 -1.11412 26.24605 -1.55143 -0.56376
31 K-I-R-P-E-G-R-E-G-E-Q-E-W-G-T -3.6755 -1.47951 | 26.54775 | -1.52008 6.79105 -1.6782 -0.47748
32 E-G-R-E-G-E-Q-E-W-G-T-P-G-S-H -3.22131 | -0.75038 | 41.81443 | -0.97398 | 64.54864 | -1.03388 | -0.18995
33 G-E-Q-E-W-G-T-P-G-S-H-V-R-E-E -3.49618 -1.16457 34.43459 | -1.58677 32.8207 -1.75933 -0.39217
34 W-G-T-P-G-S-H-V-R-E-E-T-S-R-N -2.78312 -0.70042 31.02987 -1.14687 12.60519 -1.37668 -0.2298
35 G-S-H-V-R-E-E-T-S-R-N-N-P-F-Y -1.88367 | -0.39236 | 24.06783 | -0.7242 | 7.009681 | -0.87195 | 0.118452
36 R-E-E-T-S-R-N-N-P-F-Y-F-P-S-R -3.04226 -1.28867 28.31891 | -1.42375 | 38.86193 -1.70589 -0.51971
37 S-R-N-N-P-F-Y-F-P-S-R-R-F-S-T -5.26766 | -4.13936 | 19.39534 | -4.62836 | 44.0612 | -4.31022 | -3.28579
38 P-F-Y-F-P-S-R-R-F-S-T-R-Y-G-N -6.76174 -5.29454 -1.0646 -5.86614 | 42.61004 -6.57917 -4.86849
39 P-S-R-R-F-S-T-R-Y-G-N-Q-N-G-R -5.01532 -2.61147 11.58551 | -2.51812 66.81428 | -3.15281 -0.97199
40 F-S-T-R-Y-G-N-Q-N-G-R-I-R-V-L -9.74517 | -5.95433 | 23.02381 | -6.23201 | 8.94139 | -6.80864 | -3.89949
41 Y-G-N-Q-N-G-R-I-R-V-L-Q-R-F-D -7.63284 | -4.66225 | 8.338671 | -5.01255 | 3.68042 | -5.58776 | -3.2951
42 N-G-R-I-R-V-L-Q-R-F-D-Q-R-S-R -4.33543 | -2.67799 | 8.863296 | -3.26766 | -0.76943 | -3.54223 | -1.45271
43 R-V-L-Q-R-F-D-Q-R-5-R-Q-F-Q-N -3.67881 | -1.49484 | 31.49582 | -1.6495 | 4.079253 | -1.77369 | -2.56039
44 R-F-D-Q-R-S-R-Q-F-Q-N-L-Q-N-H -3.54523 -1.20429 | 38.92599 -1.0706 11.6329 -1.93416 -2.38623
45 R-S-R-Q-F-Q-N-L-Q-N-H-R-I-V-Q 428232 | -2.5037 | 2127771 | -2.60691 | 2570334 | -2.92144 | -2.43714
46 F-Q-N-L-Q-N-H-R-I-V-Q-I-E-A-K -4.67516 -3.37761 10.424 -2.14983 | 6.189928 | -3.43808 -2.45735
47 Q-N-H-R-1-V-Q-I-E-A-K-P-N-T-L -2.08582 | -0.39765 | 26.67359 | -0.78134 | 29.03791 | -0.8685 | -1.22068
48 I-V-Q-I-E-A-K-P-N-T-L-V-L-P-K -2.72193 -1.26749 | 29.14652 | -0.23567 36.90959 -1.22451 -1.32635
49 E-A-K-P-N-T-L-V-L-P-K-H-A-D-A -2.40047 -1.03821 | 38.93817 | -1.28687 37.0244 -1.53828 -1.55528
50 N-T-L-V-L-P-K-H-A-D-A-D-N-I-L -2.30965 -0.88346 | 21.02735 | -1.08714 11.17291 | -1.50525 -0.8377
51 L-P-K-H-A-D-A-D-N-I-L-V-I-Q-Q -3.06083 -1.75711 26.34838 | -1.69477 11.04157 -1.99793 -1.41468
52 A-D-A-D-N-I-L-V-I-Q-Q-G-Q-A-T -4.32171 -3.35 31.99103 | -2.46565 | 8.986276 -3.03584 -2.08664
53 N-I-L-V-I-Q-Q-G-Q-A-T-V-T-V-A -2.71195 -0.88165 | 31.87971 | -1.18715 26.16084 | -1.77105 -0.70725
54 1-Q-Q-G-Q-A-T-V-T-V-A-N-G-N-N -4.36631 -2.03965 | 36.56951 | -1.28325 | 8.660403 -2.52724 -1.57681
55 Q-A-T-V-T-V-A-N-G-N-N-R-K-S-F -6.15323 -3.8656 31.65103 | -3.26051 8.065576 -4.49434 -3.39188
56 T-V-A-N-G-N-N-R-K-S-F-N-L-D-E -3.93427 -2.02134 | 38.35496 | -1.80216 32.68206 -2.21638 -0.6439
57 G-N-N-R-K-S-F-N-L-D-E-G-H-A-L -6.24716 -3.5042 21.3057 -3.82783 7.128677 -4.47682 -1.90784
58 K-S-F-N-L-D-E-G-H-A-L-R-I-P-S -3.42325 -0.8617 14.97481 | -0.98083 12.95737 -1.28267 -0.08034
59 L-D-E-G-H-A-L-R-I-P-S-G-F-I-S -2.82814 -0.90822 17.84863 | -1.13912 16.41646 -1.16782 -0.01704
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60 H-A-L-R-I-P-S-G-F-I-S-Y-I-L-N -3.03754 -0.89264 | 11.49409 | -0.88715 | 10.95521 | -1.27717 -0.18422
61 |-P-S-G-F-I-S-Y-I-L-N-R-H-D-N -5.26312 -2.50612 | 4.403284 -2.8269 10.44105 | -3.06633 -1.90367
62 F-I-S-Y-I-L-N-R-H-D-N-Q-N-L-R -6.55293 -4.33353 | 7.972951 | -4.43163 20.7229 -5.02993 -3.62711
63 I-L-N-R-H-D-N-Q-N-L-R-V-A-K-| -6.56412 -3.93581 | 23.73727 | -3.55423 | 10.24125 | -4.14117 -2.6765

64 H-D-N-Q-N-L-R-V-A-K-I-S-M-P-V -6.97025 -3.12334 | 14.49116 | -2.98602 | 9.581601 | -3.26115 -1.23369
65 N-L-R-V-A-K-1-S-M-P-V-N-T-P-G -4.32774 -1.44849 | 24.12757 | -1.63928 | 10.58732 | -1.66871 -0.25848
66 A-K-I-S-M-P-V-N-T-P-G-Q-F-E-D -5.79621 -2.9769 17.66403 | -3.03783 | 5.944445 | -3.59615 -1.07006
67 M-P-V-N-T-P-G-Q-F-E-D-F-F-P-A -5.57132 -3.06898 | 4.990334 | -2.07883 -1.90449 -3.01951 -4.14832
68 T-P-G-Q-F-E-D-F-F-P-A-S-S-R-D -4.90563 -2.56269 | 28.01848 | -1.57662 | 46.17325 | -2.92654 -3.37069
69 F-E-D-F-F-P-A-S-S-R-D-Q-S-S-Y -8.26829 -5.83556 | 18.40411 | -6.03988 | 20.54574 | -6.32858 -6.45383
70 F-P-A-S-S-R-D-Q-S-S-Y-L-Q-G-F -4.78177 -2.05902 | 34.02838 | -1.52097 | 35.56388 | -2.60334 -1.49791
71 S-R-D-Q-S-S-Y-L-Q-G-F-S-R-N-T -2.43575 -0.64598 | 27.28941 | -0.92118 | 69.60847 | -1.26575 -1.35977
72 S-S-Y-L-Q-G-F-S-R-N-T-L-E-A-A -3.76234 -2.12827 | 39.24736 | -2.39171 | 68.22886 | -2.88902 -2.68849
73 Q-G-F-S-R-N-T-L-E-A-A-F-N-A-E -2.30039 -0.71307 | 18.39498 | -0.95202 | 61.99179 | -1.31067 -1.43398
74 R-N-T-L-E-A-A-F-N-A-E-F-N-E-I -2.56312 -0.92668 16.1269 -0.97779 | 29.32206 | -1.19154 -0.84236
75 E-A-A-F-N-A-E-F-N-E-I-R-R-V-L -5.58834 -4.00334 | 15.92522 | -4.17499 | 60.79135 | -4.24091 -3.95547
76 N-A-E-F-N-E-I-R-R-V-L-L-E-E-N -5.47853 -3.47741 | 15.02592 | -3.13435 26.7283 -3.56129 -2.6173

7 N-E-I-R-R-V-L-L-E-E-N-A-G-G-E -2.10309 -1.19695 | 20.36413 | -0.62934 | 7.936962 | -1.13886 -0.02144
78 R-V-L-L-E-E-N-A-G-G-E-Q-E-E-R -3.67445 -1.46928 | 14.95988 | -1.40336 | 1.582423 | -2.09503 -0.47297
79 E-E-N-A-G-G-E-Q-E-E-R-G-Q-R-R -4.90388 -2.75702 | 20.55115 | -2.39546 | 8.796237 | -3.02114 -2.12181
80 G-G-E-Q-E-E-R-G-Q-R-R-W-S-T-R -4.41715 -1.09659 18.1262 -1.34526 | 62.41933 | -1.61712 -1.04978
81 E-E-R-G-Q-R-R-W-S-T-R-S-S-E-N -4.20101 -1.67343 | 22.86455 | -2.03128 | 57.77568 | -1.93389 -0.78342
82 Q-R-R-W-S-T-R-S-S-E-N-N-E-G-V -3.97633 -0.92561 17.6941 -0.59024 | 13.55107 | -1.24286 -0.13821
83 S-T-R-S-S-E-N-N-E-G-V-I-V-K-V -2.83874 -0.58951 | 18.41104 | -0.88999 | 9.166118 | -1.09391 | 0.073327
84 S-E-N-N-E-G-V-I-V-K-V-S-K-E-H -2.39698 -0.53751 | 13.92797 | -0.81565 | 9.493182 | -1.00714 | 0.017886
85 E-G-V-I-V-K-V-S-K-E-H-V-E-E-L -3.83701 -1.16178 | 7.494784 | -1.35485 | 16.82802 | -1.80667 -0.66811
86 V-K-V-S-K-E-H-V-E-E-L-T-K-H-A -4.26815 -0.98531 | 15.01437 | -0.92839 | 68.73451 | -1.35001 -0.3372

87 K-E-H-V-E-E-L-T-K-H-A-K-S-V-S -3.39306 -0.75574 | 14.43885 | -0.79939 | 21.02147 | -1.13556 | 0.243638
88 E-E-L-T-K-H-A-K-S-V-S-K-K-G-S -5.93593 -2.81133 | 11.59875 | -3.22317 | 17.22047 | -3.54828 -1.6943

89 K-H-A-K-S-V-S-K-K-G-S-E-E-E-G -4.13459 -1.55797 4.91766 -1.72304 | 0.923406 | -1.83939 0.16838
90 S-V-S-K-K-G-S-E-E-E-G-D-I-T-N -4.46371 -1.63945 11.7039 -1.36741 | 5.777961 | -1.97402 -0.50117
91 K-G-S-E-E-E-G-D-I-T-N-P-I-N-L -6.37508 -2.9604 29.18696 | -3.41948 | 7.741442 | -3.54009 -4.81018
92 E-E-G-D-I-T-N-P-I-N-L-R-E-G-E -4.33165 -1.3087 23.90777 | -1.21587 | 51.32941 | -1.94206 -2.74132
93 I-T-N-P-I-N-L-R-E-G-E-P-D-L-S -3.70798 -0.98746 | 37.48644 -1.3126 14.57472 | -1.46316 -1.79034
94 I-N-L-R-E-G-E-P-D-L-S-N-N-F-G -6.54988 -4.28538 | 30.71264 | -3.89925 | 9.437336 | -4.58642 -4.3245

95 E-G-E-P-D-L-S-N-N-F-G-K-L-F-E -1.46864 -0.18839 | 28.65561 | -0.62818 | 36.15118 -0.6046 -1.05615
96 D-L-S-N-N-F-G-K-L-F-E-V-K-P-D -3.32656 -1.4513 17.49017 | -1.81756 | 68.98493 | -1.91991 -2.17652
97 N-F-G-K-L-F-E-V-K-P-D-K-K-N-P -1.34616 -0.24934 | 43.79128 | -0.40151 | 71.75407 | -0.36747 -1.09402
98 L-F-E-V-K-P-D-K-K-N-P-Q-L-Q-D -1.88738 -0.31497 | 25.41027 | -0.19021 49.6988 -0.51912 -0.68788
99 K-P-D-K-K-N-P-Q-L-Q-D-L-D-M-M -3.34328 -0.83561 22.1567 -0.72622 | 22.46037 | -0.97099 -0.99947
100 K-N-P-Q-L-Q-D-L-D-M-M-L-T-C-V -3.00073 -0.93314 | 32.93555 | -0.69971 | 14.14359 | -0.83271 -0.80638
101 L-Q-D-L-D-M-M-L-T-C-V-E-I-K-E -2.16061 -0.75852 | 18.61924 -0.6068 8.41766 -0.90694 0.00928
102 D-M-M-L-T-C-V-E-I-K-E-G-A-L-M -1.75093 -0.52462 | 35.61738 | -0.57673 | 12.83006 | -1.01601 -0.25256
103 T-C-V-E-I-K-E-G-A-L-M-L-P-H-F -2.06488 -0.45057 | 30.74046 | -0.55748 | 9.895376 | -0.77067 -0.17947
104 I-K-E-G-A-L-M-L-P-H-F-N-S-K-A -2.68508 -0.61064 | 16.36029 | -0.43815 | 11.84385 | -0.79197 -0.31379
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105 A-L-M-L-P-H-F-N-S-K-A-M-V-I-V -1.95496 -0.63669 27.3953 -0.99294 | 33.78562 -1.02833 -0.58665
106 P-H-F-N-S-K-A-M-V-1-V-V-V-N-K -1.95991 | -0.45497 | 3.332093 | -0.60686 | 4.327043 | -0.67126 | -0.05001
107 S-K-A-M-V-I-V-V-V-N-K-G-T-G-N -2.34644 -0.68172 22.68506 | -0.88156 21.24308 -1.07402 -0.34188
108 VA-VAVV-N-K-G-T-G-N-L-E-L-V -1.63305 | -0.46442 | 20.19798 | -0.57221 | 12.88336 | -0.65924 | 0.154055
109 V-N-K-G-T-G-N-L-E-L-V-A-V-R-K -2.61686 -0.78952 12.16114 | -0.93539 14.26844 | -1.21454 -0.09956
110 T-G-N-L-E-L-V-A-V-R-K-E-Q-Q-Q -3.4309 -1.03309 22.7292 -1.01179 28.42642 -1.34545 -0.49917
111 E-L-V-A-V-R-K-E-Q-Q-Q-R-G-R-R -4.28453 | -1.46861 | 9.242728 | -1.90113 | 15.69295 | -1.89389 | -1.03123
112 V-R-K-E-Q-Q-Q-R-G-R-R-E-E-E-E -5.42357 -2.23325 | 3.134943 | -2.15699 5.698975 -3.14783 -1.2912
113 Q-Q-Q-R-G-R-R-E-E-E-E-D-E-D-E -4.28854 | -1.31728 | 11.02947 | -1.10987 | 2.351958 | -1.79373 | 0.007391
114 G-R-R-E-E-E-E-D-E-D-E-E-E-E-G -4.44486 -1.6407 5.843318 | -1.54489 | 0.559364 -2.0747 0.238667
115 E-E-E-D-E-D-E-E-E-E-G-S-N-R-E -5.19245 -1.75737 13.16345 | -1.48821 | 0.230413 -1.85686 -3.66614
116 E-D-E-E-E-E-G-S-N-R-E-V-R-R-Y -5.97016 | -2.66847 | 26.06144 | -2.5327 | 2.02125 | -3.18929 | -4.57536
117 E-E-G-S-N-R-E-V-R-R-Y-T-A-R-L -5.46785 -2.66487 | 36.82831 | -2.73539 | 8.177685 -2.67505 -3.19838
118 N-R-E-V-R-R-Y-T-A-R-L-K-E-G-D -6.1529 | -4.11179 | 33.40749 | -3.81633 | 28.26598 | -4.74945 | -4.95809
119 R-R-Y-T-A-R-L-K-E-G-D-V-F-I-M -4.73953 -2.52389 | 26.24127 | -2.65123 21.76096 -3.10391 -3.59705
120 A-R-L-K-E-G-D-V-F-I-M-P-A-A-H -2.40236 | -0.68516 | 36.23816 | -0.82042 | 69.34375 | -0.66402 | -1.4244
121 E-G-D-V-F-I-M-P-A-A-H-P-V-A-| -1.98684 | -0.5432 | 20.86549 | -0.47905 | 68.33136 | -0.68841 | -0.91844
122 F-1-M-P-A-A-H-P-V-A-I-N-A-S-S -2.03051 | -0.81399 | 35.63426 | -0.91636 | 26.31066 | -0.92685 | -1.04279
123 A-A-H-P-V-A--N-A-S-S-E-L-H-L -1.90041 | -0.4741 | 32.66196 | -0.4481 | 26.87225 | -0.80488 | -0.41288
124 V-A-I-N-A-S-S-E-L-H-L-L-G-F-G -2.77697 -0.9404 41.33419 -1.1193 62.21924 | -1.39702 -0.58982
125 A-S-S-E-L-H-L-L-G-F-G-I-N-A-E -2.83207 | -1.36229 | 44.24118 | -0.32327 | 68.95564 | -1.03879 | -1.0403
126 L-H-L-L-G-F-G-I-N-A-E-N-N-H-R -1.74127 -1.19878 | 32.87419 | -1.18007 26.69934 -1.1841 -0.98672
127 G-F-G-1-N-A-E-N-N-H-R-|-F-L-A -2.65212 -1.02887 17.48057 | -0.67573 15.64811 -1.17244 -0.71563
128 N-A-E-N-N-H-R-I-F-L-A-G-D-K-D -2.45861 -0.82349 | 38.11183 | -0.57664 | 33.53718 -1.11492 -0.77901
129 N-H-R-I-F-L-A-G-D-K-D-N-V-I-D -3.07595 -1.49049 25.4557 -1.26836 15.31328 -1.87731 -1.27826
130 F-L-A-G-D-K-D-N-V-I-D-Q-I-E-K -3.75404 -1.73834 14.19805 | -1.85314 16.94452 -2.1449 -1.53697
131 D-K-D-N-V-I-D-Q-I-E-K-Q-A-K-D -3.02897 -1.04999 9.62185 -0.80391 67.30114 | -1.37824 -0.7272
132 V-I-D-Q-I-E-K-Q-A-K-D-L-A-F-P 2.00311 | -0.1268 | 16.79361 | -0.21957 | 10.28472 | -0.45562 | 0.350361
133 I-E-K-Q-A-K-D-L-A-F-P-G-S-G-E -1.94985 | -0.34616 | 19.72019 | -0.39259 | 17.80648 | -0.73441 | 0.028981
134 A-K-D-L-A-F-P-G-S-G-E-Q-V-E-K -2.55642 -0.45477 39.2377 -0.48013 70.46387 -0.69394 -0.14828
135 A-F-P-G-S-G-E-Q-V-E-K-L--K-N -3.97308 | -1.49994 | 21.19931 | -1.74397 | 60.38143 | -2.01956 | -0.51783
136 S-G-E-Q-V-E-K-L-I-K-N-Q-K-E-S -3.9641 -1.57241 | 21.44991 | -1.46967 13.61802 -1.87466 -0.40943
137 V-E-K-L--K-N-Q-K-E-S-H-F-V-S -4.40277 | -1.68464 | 2355864 | -154123 | 12.12174 | -2.20248 | -0.22919
138 I-K-N-Q-K-E-S-H-F-V-S-A-R-P-Q -4.23144 -2.0294 18.97533 | -1.44276 | 2.129672 -2.1406 -0.88678
139 K-E-S-H-F-V-S-A-R-P-Q-S-Q-S-Q -3.49273 | -0.72007 | 29.49061 | -0.90466 | 3.473776 | -0.87857 | -2.35523
140 F-V-S-A-R-P-Q-S-Q-S-Q-S-P-S-S -3.95662 | -1.28279 | 34.0999 | -0.10611 | 9.606716 | -1.1403 | -2.93057
141 R-P-Q-5-Q-S-Q-S-P-S-S-P-E-K-E -8.85093 | -6.37182 | 17.50627 | -5.97246 | -0.31476 | -5.48508 | -7.30835
142 Q-S-Q-S-P-S-S-P-E-K-E-S-P-E-K -4.40123 -2.39583 | 24.36413 | -1.48408 | 4.115392 -2.28942 -2.64742
143 P-S-S-P-E-K-E-S-P-E-K-E-D-Q-E -2.63767 | -0.93368 | 9.101563 | -0.86804 | 2.84826 | -1.25326 | -1.30512
144 E-K-E-S-P-E-K-E-D-Q-E-E-E-N-Q -2.69051 -0.74105 6.020583 | -0.53462 5.785766 -0.82766 -1.586
145 P-E-K-E-D-Q-E-E-E-N-Q-G-G-K-G -2.06127 -0.52956 | 8.681872 | -0.59942 13.28093 -0.58481 -1.36498
146 D-Q-E-E-E-N-Q-G-G-K-G-P-L-L-S -2.60921 -1.17338 | 22.88251 | -1.05474 17.46192 -1.03748 -1.39874
147 E-N-Q-G-G-K-G-P-L-L-S-I-L-K-A -4.25013 -1.7635 28.03346 | -1.66148 15.51753 -2.11536 -2.26971
148 Q-G-G-K-G-P-L-L-S-I-L-K-A-F-N -3.64914 -0.99271 | 22.94198 | -0.51518 14.53463 -1.07225 -1.21109
m (blanks) 20519.35 | 13674.02 | 11670.57 | 11374.72 | 11569.74 | 12656.75 | 11931.75
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‘ s (blanks) ‘ 805.9902 ‘ 491.9029 ‘ 1013.109 ‘ 509.6116 ‘ 658.8546 ‘ 490.372 ‘ 397.9312 ‘

Table A3: Calculated Z-scores of Ara h 1 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 1 for each panut-allergic patient (patients 15-21) are listed .

Identified candidate diagnostic peptides are highlighted in light blue.

Patient No. : 15 16 17 18 19 20 21
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score Z-score
1 K-S-S-P-Y-Q-K-K-T-E-N-P-C-A-Q 0.758263 -1.66117 8.686188 | 14.59167 -1.79666 -1.9845 14.8168
2 Y-Q-K-K-T-E-N-P-C-A-Q-R-C-L-Q 6.650542 -1.59004 14.27505 | 50.21214 -1.56814 -1.99411 18.17452
3 T-E-N-P-C-A-Q-R-C-L-Q-S-C-Q-Q 5.617234 -1.67897 7.590709 | 79.50092 -1.67817 -1.94595 6.551018
4 C-A-Q-R-C-L-Q-S-C-Q-Q-E-P-D-D 1.000938 | -0.92755 | 10.06951 | 31.98972 | -1.41009 -1.36392 17.70244
5 C-L-Q-S-C-Q-Q-E-P-D-D-L-K-Q-K 0.812902 | -1.12838 | 11.98374 | 19.47551 | -1.89848 -1.86399 10.61772
6 C-Q-Q-E-P-D-D-L-K-Q-K-A-C-E-S -1.58772 -2.00222 7.512719 | 26.87851 -1.89182 -1.54865 16.95777
7 P-D-D-L-K-Q-K-A-C-E-S-R-C-T-K -1.59696 -1.29049 | 4.578547 | 30.83419 | -1.40282 -1.63588 | 27.68044
8 K-Q-K-A-C-E-S-R-C-T-K-L-E-Y-D -0.6145 -1.04544 4.210649 | 7.300528 -1.78057 -1.59691 6.014428
9 C-E-S-R-C-T-K-L-E-Y-D-P-R-C-V 1.217389 | -0.81995 | 8.846369 | 2.930048 | -1.40647 -1.18977 | 6.974979
10 C-T-K-L-E-Y-D-P-R-C-V-Y-D-P-R -0.43066 -1.26932 | 15.71256 | 3.578001 -2.0053 -1.45402 1.970958
11 E-Y-D-P-R-C-V-Y-D-P-R-G-H-T-G -1.67995 -0.90905 5.737663 | 2.477852 -1.32823 -0.85221 1.602457
12 R-C-V-Y-D-P-R-G-H-T-G-T-T-N-Q -0.04374 -1.32199 | 6.651678 | 14.41312 | -2.64247 -1.83133 | 5.322504
13 D-P-R-G-H-T-G-T-T-N-Q-R-S-P-P 5.233717 -0.86873 10.14217 | 31.00757 -1.51666 -1.07005 5.380502
14 H-T-G-T-T-N-Q-R-S-P-P-G-E-R-T 5.05205 -0.92656 13.80843 | 50.37398 | -1.37656 -0.98748 | 13.61322
15 T-N-Q-R-S-P-P-G-E-R-T-R-G-R-Q 5.396772 -0.96323 23.84259 | 47.59736 -2.26482 -1.91054 15.21628
16 S-P-P-G-E-R-T-R-G-R-Q-P-G-D-Y 101.6422 -1.54412 138.9754 | 75.73122 -2.21237 -1.5714 34.37273
17 E-R-T-R-G-R-Q-P-G-D-Y-D-D-D-R 94.74203 | -0.78214 | 156.2092 | 79.27746 | -1.69849 -0.65665 | 35.48695
18 G-R-Q-P-G-D-Y-D-D-D-R-R-Q-P-R 4.39623 -1.13399 | 128.5906 | 38.32581 -2.8064 -1.78989 | 33.40966
19 G-D-Y-D-D-D-R-R-Q-P-R-R-E-E-G -1.70135 -3.26375 10.27734 | 12.89541 -4.55987 -4.30123 12.14392
20 D-D-R-R-Q-P-R-R-E-E-G-G-R-W-G -1.30447 -2.61614 5510301 | 23.62639 -3.12526 -2.60206 31.50405
21 Q-P-R-R-E-E-G-G-R-W-G-P-A-G-P -1.63822 -2.68659 | 4.044611 | 33.37429 | -3.34322 -3.11166 | 32.74187
22 E-E-G-G-R-W-G-P-A-G-P-R-E-R-E -0.71288 -2.13091 10.18315 | 20.60521 -2.31348 -2.38675 9.042681
23 R-W-G-P-A-G-P-R-E-R-E-R-E-E-D 0.279429 | -1.69453 | 7.663261 | 14.33005 | -1.79531 -1.67325 | 3.067443
24 A-G-P-R-E-R-E-R-E-E-D-W-R-Q-P -1.69042 -1.97168 4.2548 10.70637 | -3.57795 -3.28326 | 5.536934
25 E-R-E-R-E-E-D-W-R-Q-P-R-E-D-W 5.472416 -1.74171 24.31029 38.3183 -1.67231 -1.68774 34.68093
26 E-E-D-W-R-Q-P-R-E-D-W-R-R-P-S 104.7279 | -2.18768 | 119.0229 55.6263 -2.29825 -2.45572 12.731
27 R-Q-P-R-E-D-W-R-R-P-S-H-Q-Q-P 101.061 -1.35483 121.8896 | 77.30616 -1.71439 -1.68078 20.01693
28 E-D-W-R-R-P-S-H-Q-Q-P-R-K-I-R 13.94241 | -1.01535 | 32.19087 | 71.18853 | -0.04886 -1.36856 | 35.38292
29 R-P-S-H-Q-Q-P-R-K-I-R-P-E-G-R 5.028631 -1.58021 72.42044 77.746 -1.29973 -1.65364 35.61126
30 Q-Q-P-R-K-I-R-P-E-G-R-E-G-E-Q 3.2592 -0.924 143.969 67.49117 -1.47808 -1.6132 36.21804
31 K-I-R-P-E-G-R-E-G-E-Q-E-W-G-T -1.39417 -1.12085 11.92243 | 13.38672 -1.99567 -2.01372 35.45769
32 E-G-R-E-G-E-Q-E-W-G-T-P-G-S-H 0.423326 | -0.79234 | 12.94582 | 50.46335 | -1.40024 -0.98384 | 28.57079
33 G-E-Q-E-W-G-T-P-G-S-H-V-R-E-E 2.268558 -1.39609 19.65561 | 47.14635 -2.10994 -1.5474 15.32433
34 W-G-T-P-G-S-H-V-R-E-E-T-S-R-N 1.668563 -1.06294 14.38033 | 31.02177 -1.47751 -1.16937 14.78174
35 G-S-H-V-R-E-E-T-S-R-N-N-P-F-Y 1.904169 | -0.47352 12.29089 | 13.00512 | -0.78828 -0.31569 | 6.951695
36 R-E-E-T-S-R-N-N-P-F-Y-F-P-S-R 0.664725 -1.01146 15.3664 37.84777 -2.14992 -1.574 20.1949
37 S-R-N-N-P-F-Y-F-P-S-R-R-F-S-T 2.879661 | -3.86148 | 10.53053 | 25.83632 | -3.82639 -4.72186 | 6.020433
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38 P-F-Y-F-P-S-R-R-F-S-T-R-Y-G-N -2.91062 -4.77006 12.3355 9.294225 | -5.42918 -5.68308 2.134125
39 P-S-R-R-F-S-T-R-Y-G-N-Q-N-G-R 2.06314 -1.88039 10.47544 | 22.99433 -2.29209 -2.45767 11.51753
40 F-S-T-R-Y-G-N-Q-N-G-R-I-R-V-L 6.12271 -4.46206 12.66561 | 28.57142 -6.01261 -6.00344 11.45757
41 Y-G-N-Q-N-G-R-I-R-V-L-Q-R-F-D 6.982778 | -4.67576 15.49696 | 27.14248 | -4.67084 -4.99741 | 4.887234
42 N-G-R-I-R-V-L-Q-R-F-D-Q-R-S-R 1429 | -2.08553 | 1262039 | 13.28132 | -1.57377 | -2.43191 | 6.710459
43 R-V-L-Q-R-F-D-Q-R-S-R-Q-F-Q-N 0.558192 -2.76385 | 3.506153 | 7.233424 | -3.43636 -3.68997 | 2.250496
44 R-F-D-Q-R-S-R-Q-F-Q-N-L-Q-N-H 1.333604 | -3.00143 | 6.608565 | 24.15817 | -3.00646 | -3.21478 | 11.20161
45 R-S-R-Q-F-Q-N-L-Q-N-H-R-I-V-Q -0.19648 -3.6533 9.781506 | 5.598545 -3.90371 -4.48453 | 4.733501
46 F-Q-N-L-Q-N-H-R-I-V-Q-I-E-A-K 275446 | -2.65648 | 3.76666 | -2.57496 | -4.54842 | -4.58893 | -2.43703
a7 Q-N-H-R-I-V-Q-I-E-A-K-P-N-T-L -0.00045 -1.76773 | 3.098764 | 2.529633 -1.5295 -2.06496 -0.46991
48 I-V-Q-I-E-A-K-P-N-T-L-V-L-P-K 2.034737 -1.03758 | 8.143733 8.81598 -2.60707 -2.67854 | 8.303972
49 E-A-K-P-N-T-L-V-L-P-K-H-A-D-A 10.7752 | -1.93522 | 44.02096 | 55.05688 | -2.42544 | -2.46962 | 24.95336
50 N-T-L-V-L-P-K-H-A-D-A-D-N-I-L 12.15944 | -1.21048 11.46783 | 5.907945 -1.5587 -2.06046 7.32343
51 L-P-K-H-A-D-A-D-N-I-L-V--Q-Q 8.132508 | -1.47981 | 14.64615 | 18.9476 | -2.65497 | -2.86101 | 11.98281
52 A-D-A-D-N-I-L-V-I-Q-Q-G-Q-A-T 0.384171 -1.50346 12.15213 20.1544 -3.68035 -3.92887 13.79111
53 N-I-L-V-I-Q-Q-G-Q-A-T-V-T-V-A 1.146884 -1.58 19.91124 | 44.68331 -1.94136 -2.24317 | 23.43433
54 1-Q-Q-G-Q-A-T-V-T-V-A-N-G-N-N 0.646232 | -0.94669 | 12.89486 | 28.10026 | -2.63433 | -2.48739 | 25.28107
55 Q-A-T-V-T-V-A-N-G-N-N-R-K-S-F -0.16656 -0.53616 26.61677 | 49.27365 -4.83482 -4.99781 | 24.33136
56 T-V-A-N-G-N-N-R-K-S-F-N-L-D-E 5625827 | -1.80621 | 34.79922 | 58.66269 | -2.57394 | -2.43726 | 24.25644
57 G-N-N-R-K-S-F-N-L-D-E-G-H-A-L -0.93051 | -2.00036 | 20.56977 | 28.62635 | -4.86913 | -4.70138 | 10.34225
58 K-S-F-N-L-D-E-G-H-A-L-R-I-P-S 0.761425 | -0.43665 | 13.33631 | 18.27332 | -1.38584 | -1.30039 | 10.85536
59 L-D-E-G-H-A-L-R-I-P-S-G-F-I-S -0.43787 -0.89598 | 7.611756 12.01 -0.25115 -0.92492 8.041904
60 H-A-L-R-I-P-S-G-F-I-S-Y-I-L-N 0.80846 -0.73437 7.771843 | 21.93277 -1.58461 -1.32308 11.7051
61 I-P-S-G-F-I-S-Y-I-L-N-R-H-D-N 201283 | -2.6487 | 4.323331 | 1578383 | -2.74889 | -2.83217 | 4.163405
62 F-I-S-Y-I-L-N-R-H-D-N-Q-N-L-R -1.05096 -3.94832 3.66708 44.18075 -3.96186 -4.61132 6.74679
63 I-L-N-R-H-D-N-Q-N-L-R-V-A-K-| -2.03015 -2.86501 | 4.514404 | 48.54251 -4.01368 -3.76003 14.79915
64 H-D-N-Q-N-L-R-V-A-K-I-S-M-P-V 0.492965 | -1.23841 | 6.410253 33.1103 -2.80141 -3.09216 12.40274
65 N-L-R-V-A-K-I-S-M-P-V-N-T-P-G 1927388 | -0.2128 | 6.415708 | 33.53159 | -1.01998 | -0.84067 | 10.85406
66 A-K-I-S-M-P-V-N-T-P-G-Q-F-E-D -0.56915 | -2.21226 | 3.383392 | 10.25419 | -3.38119 | -2.44618 | 8.161963
67 M-P-V-N-T-P-G-Q-F-E-D-F-F-P-A -2.73412 -0.83921 | 3.414023 | 7.067644 -5.42976 -5.5943 3.51444
68 T-P-G-Q-F-E-D-F-F-P-A-S-S-R-D 0.003539 | -2.97657 | 7.355956 | 19.83838 -4.51405 -3.93523 13.97264
69 F-E-D-F-F-P-A-S-S-R-D-Q-S-S-Y 256025 | -3.61569 | 1.103913 | -1.23681 | -8.14269 | -7.09461 | -0.55163
70 F-P-A-5-S-R-D-Q-S-S-Y-L-Q-G-F 0273181 | -1.86596 | 3.170334 | 2.11726 | -3.59848 | -3.87715 | 6.816776
71 S-R-D-Q-S-S-Y-L-Q-G-F-S-R-N-T 0.483109 -1.8368 4.734895 | 1.604163 -1.272 -1.89775 7.356824
72 S-S-Y-L-Q-G-F-S-R-N-T-L-E-A-A 13.79686 | -2.54002 | 33.5449 | 53.80098 | -3.62127 | -3.9157 | 23.86414
73 Q-G-F-S-R-N-T-L-E-A-A-F-N-A-E 6.05654 | -166962 | 9.89048 | 32.18801 | -1.84125 | -2.42823 | 18.38054
74 R-N-T-L-E-A-A-F-N-A-E-F-N-E-I 1.693399 | -1.26993 7.10495 14.35592 -1.19494 -2.16781 11.12055
75 E-A-A-F-N-AE-F-N-E--R-R-V-L -0.18233 | -3.84404 | 8502414 | 30.03316 | -4.18012 | -4.99315 | 16.58696
76 N-A-E-F-N-E-I-R-R-V-L-L-E-E-N 157072 | -3.36625 | 3.041913 | 6.82938 | -3.60753 | -3.96153 | 9.596066
7 N-E-I-R-R-V-L-L-E-E-N-A-G-G-E 1.18188 -0.72909 7.626726 | 28.32934 | -1.16322 -1.70779 10.59939
78 R-V-L-L-E-E-N-A-G-G-E-Q-E-E-R 0.525892 -0.19888 | 9.526839 7.32294 -1.86918 -2.10006 9.251623
79 E-E-N-A-G-G-E-Q-E-E-R-G-Q-R-R -0.63483 -2.14629 12.10787 | 18.16466 -2.78963 -3.32912 | 9.912691
80 G-G-E-Q-E-E-R-G-Q-R-R-W-S-T-R -0.89763 -1.65671 3.746807 | 14.21608 -1.81044 -1.79885 7.126158
81 E-E-R-G-Q-R-R-W-S-T-R-S-S-E-N -1.10001 -0.94261 7.70673 21.05212 -1.95703 -2.14538 10.27823
82 Q-R-R-W-S-T-R-S-S-E-N-N-E-G-V -0.47445 -0.87996 13.98661 | 24.92618 -1.0377 -1.30231 9.42649
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83 S-T-R-S-S-E-N-N-E-G-V-I-V-K-V 2.255613 | -0.81844 | 10.58789 | 20.18157 | -0.09821 -0.75039 | 9.731262
84 S-E-N-N-E-G-V-I-V-K-V-S-K-E-H 0.565426 | -0.73057 | 5.916941 | 46.82522 | -0.44573 -0.65583 | 14.34043
85 E-G-V-I-V-K-V-S-K-E-H-V-E-E-L 0.884226 | -0.91452 | 3.777985 | 45.11822 | -1.40306 -1.27132 5.23246
86 V-K-V-S-K-E-H-V-E-E-L-T-K-H-A 3.125025 | -1.12302 | 2.574044 | 81.98156 | -1.29007 -1.05787 | 8.149425
87 K-E-H-V-E-E-L-T-K-H-A-K-S-V-S 1.175013 | -0.53455 | 3.898684 55.2159 -0.76822 -0.43064 | 11.73383
88 E-E-L-T-K-H-A-K-S-V-S-K-K-G-S 3.28455 -2.1558 6.100641 | 50.40856 | -3.18763 -3.32008 | 13.61296
89 K-H-A-K-S-V-S-K-K-G-S-E-E-E-G 2.144801 | -0.50534 | 4.945178 | 32.94093 | -1.44733 -1.26846 | 9.146233
90 S-V-S-K-K-G-S-E-E-E-G-D-I-T-N 2.688383 | -1.00897 | 4.365974 | 7.171135 | -2.14077 -1.07131 | 6.719895
91 K-G-S-E-E-E-G-D-I-T-N-P-I-N-L 0.491442 | -4.80469 | 7.024659 | 74.00956 | -6.05139 -5.6899 1.529855
92 E-E-G-D-I-T-N-P-I-N-L-R-E-G-E -0.42248 -3.32133 | 2.326791 | 76.37315 | -3.29246 -3.37135 | 1.949524
93 I-T-N-P-I-N-L-R-E-G-E-P-D-L-S 0.628915 | -2.37774 | 3.768603 | 26.45127 | -2.40402 -2.71449 | 4.619271
94 I-N-L-R-E-G-E-P-D-L-S-N-N-F-G -2.65711 -4.29953 | 2.007046 | 0.177289 | -6.36404 -6.26035 -0.19891
95 E-G-E-P-D-L-S-N-N-F-G-K-L-F-E 0.56958 -1.66373 | 3.039817 | 10.21795 | -0.70784 -1.67639 | 12.80745
96 D-L-S-N-N-F-G-K-L-F-E-V-K-P-D 0.032812 | -2.36724 | 6.813636 | 25.79338 -2.5476 -2.90486 | 27.23237
97 N-F-G-K-L-F-E-V-K-P-D-K-K-N-P 1.609543 | -1.20808 | 12.22713 | 77.75274 | -0.55716 -1.53234 | 35.79457
98 L-F-E-V-K-P-D-K-K-N-P-Q-L-Q-D 0.765632 | -0.99479 | 6.988228 | 46.77289 | -0.61071 -1.45534 | 25.73757
99 K-P-D-K-K-N-P-Q-L-Q-D-L-D-M-M -0.15602 -1.24799 | 3.475558 | 42.35868 | -1.16042 -1.55434 | 16.10788
100 K-N-P-Q-L-Q-D-L-D-M-M-L-T-C-V -1.15822 -1.23646 | 3.834192 | 39.20188 | -0.91974 -1.54106 | 19.10049
101 L-Q-D-L-D-M-M-L-T-C-V-E-I-K-E 0.40628 -0.94894 | 2.228946 | 17.13975 | -0.89563 -1.45728 | 10.31285
102 D-M-M-L-T-C-V-E-I-K-E-G-A-L-M 1.584321 | -0.97945 9.13937 32.26898 -0.3729 -0.94917 | 17.72444
103 T-C-V-E-I-K-E-G-A-L-M-L-P-H-F 0.051058 | -0.87718 | 9.682749 | 24.31602 | -0.27534 -0.7372 21.23833
104 I-K-E-G-A-L-M-L-P-H-F-N-S-K-A 0.37463 -0.63113 | 11.92178 | 25.77038 | -1.02924 -0.8116 13.20649
105 A-L-M-L-P-H-F-N-S-K-A-M-V-I-V 3.693317 | -1.08289 | 21.74644 | 53.20744 -0.763 -0.74342 | 19.65838
106 P-H-F-N-S-K-A-M-V-I-V-V-V-N-K -0.19588 -0.64352 | 4.091794 | 15.73264 | -0.19166 -0.43107 | 4.960995
107 S-K-A-M-V-I-V-V-V-N-K-G-T-G-N 8.948462 | -0.74749 | 11.82183 32.8327 -0.00316 -0.66073 | 16.42641
108 V-1-V-V-V-N-K-G-T-G-N-L-E-L-V 2.815637 | -0.45061 | 4.906719 23.7942 -0.33195 -0.28351 | 8.258819
109 V-N-K-G-T-G-N-L-E-L-V-A-V-R-K 1.821475 | -0.58334 | 5.060639 | 49.27519 | -0.93315 -0.6153 11.52114
110 T-G-N-L-E-L-V-A-V-R-K-E-Q-Q-Q 5.755026 | -0.88687 | 3.964197 | 64.76099 | -1.52764 -0.89039 | 7.946722
111 E-L-V-A-V-R-K-E-Q-Q-Q-R-G-R-R 2.779256 | -1.00459 | 4.556745 41.7388 -1.20761 -1.70708 | 13.79276
112 V-R-K-E-Q-Q-Q-R-G-R-R-E-E-E-E -0.7306 -1.98496 | 3.032085 | 10.82474 | -2.44588 -2.40121 | 5.486927
113 Q-Q-Q-R-G-R-R-E-E-E-E-D-E-D-E 0.555561 | -0.48839 | 4.599313 | 8.327343 | -1.52843 -1.18192 | 6.675725
114 G-R-R-E-E-E-E-D-E-D-E-E-E-E-G 1.050436 | -1.03798 | 3.225533 | 4.970776 | -2.36082 -1.48068 | 6.291722
115 E-E-E-D-E-D-E-E-E-E-G-S-N-R-E -0.45226 -2.9844 -0.23085 | 13.62784 | -4.68556 -4.2184 -2.52201
116 E-D-E-E-E-E-G-S-N-R-E-V-R-R-Y -1.27293 -4.5817 1.620135 | 11.40208 | -5.13086 -4.66275 | 6.718442
117 E-E-G-S-N-R-E-V-R-R-Y-T-A-R-L 3.225142 | -2.48539 | 6.775563 20.7375 -4.11099 -4.56352 | 9.505198
118 N-R-E-V-R-R-Y-T-A-R-L-K-E-G-D 3.510736 | -4.35489 | 9.855619 | 21.48321 | -6.15202 -6.24847 | 4.563558
119 R-R-Y-T-A-R-L-K-E-G-D-V-F-I-M 0.324324 | -3.75013 | 3.189184 | -0.57566 -4.29187 -4.1765 0.816455
120 A-R-L-K-E-G-D-V-F-I-M-P-A-A-H -1.43321 -1.59552 | 2.133976 | 3.466246 -1.76 -1.77813 | 3.551298
121 E-G-D-V-F-I-M-P-A-A-H-P-V-A-l -0.05351 -1.16201 | 5.430812 | 22.62657 -1.06 -1.72718 | 17.24154
122 F-I-M-P-A-A-H-P-V-A-I-N-A-S-S 5.311083 | -1.01477 | 5.096779 | 63.83618 | -0.65664 -1.05178 21.005

123 A-A-H-P-V-A-I-N-A-S-S-E-L-H-L 3.994565 | -0.93738 3.8405 57.62347 | -0.62674 -0.56993 | 19.36232
124 V-A-I-N-A-S-S-E-L-H-L-L-G-F-G 0.534335 | -1.19033 | 7.733454 25.0588 -1.40539 -0.9957 14.76579
125 A-S-S-E-L-H-L-L-G-F-G-I-N-A-E 0.233382 | -1.36833 | 4.427056 | 18.77328 | -1.74252 -2.08845 | 17.93215
126 L-H-L-L-G-F-G-I-N-A-E-N-N-H-R -0.22166 -1.31261 | 3.604658 | 7.857842 | -0.48333 -1.49514 | 13.12782
127 G-F-G-I-N-A-E-N-N-H-R-I-F-L-A 4.420579 | -0.97226 | 5.452588 | 15.31423 | -1.13986 -1.38603 | 13.30913
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128 N-A-E-N-N-H-R-I-F-L-A-G-D-K-D 4.385259 | -1.13582 | 23.78885 | 64.98063 | -0.85484 -1.23699 | 26.38865
129 N-H-R-I-F-L-A-G-D-K-D-N-V-I-D 2.498449 | -1.54271 | 19.18897 | 32.11885 | -1.83682 -1.90744 | 11.06618
130 F-L-A-G-D-K-D-N-V-I-D-Q-I-E-K 0.385411 | -1.60956 8.70718 29.24332 -2.4132 -2.14689 | 11.66448
131 D-K-D-N-V-I-D-Q-I-E-K-Q-A-K-D 2.048915 | -1.15672 5.30862 20.75059 | -1.45906 -1.1998 8.205495
132 V-1-D-Q-I-E-K-Q-A-K-D-L-A-F-P 0.116513 | -0.21955 | 2.449824 | 17.38991 | -0.25684 -0.31871 | 12.18103
133 I-E-K-Q-A-K-D-L-A-F-P-G-S-G-E 1.688853 | -0.52652 | 6.992434 | 39.47771 | -0.62198 -0.36719 | 24.75003
134 A-K-D-L-A-F-P-G-S-G-E-Q-V-E-K 4.887313 | -0.17504 | 4.629524 | 63.67664 | -0.65469 -0.32236 | 35.01905
135 A-F-P-G-S-G-E-Q-V-E-K-L-I-K-N 3.416727 | 0.543476 | 4.537165 | 36.67111 | -1.80814 -1.28883 | 15.65822
136 S-G-E-Q-V-E-K-L-I-K-N-Q-K-E-S 1.690728 | -0.80209 | 4.977953 | 46.95641 | -1.18723 -1.1018 13.63121
137 V-E-K-L-I-K-N-Q-K-E-S-H-F-V-S 0.292926 | -1.20195 | 3.360106 | 20.01658 | -1.63476 -1.39449 | 9.531064
138 I-K-N-Q-K-E-S-H-F-V-S-A-R-P-Q 0.627639 | -0.99542 | 5.973301 | 33.24773 | -2.36784 -1.30785 | 10.80822
139 K-E-S-H-F-V-S-A-R-P-Q-S-Q-S-Q -1.19089 -2.22065 | 0.752184 | 14.13455 -3.3484 -3.08824 | 9.134007
140 F-V-S-A-R-P-Q-S-Q-S-Q-S-P-S-S 0.743476 | -2.27155 | 3.920178 12.2823 -3.59278 -3.11468 | 5.145278
141 R-P-Q-S-Q-S-Q-S-P-S-S-P-E-K-E -1.61278 -5.61425 | 5.185441 | -3.20812 -9.15315 -8.08324 -1.83727
142 Q-S-Q-S-P-S-S-P-E-K-E-S-P-E-K -1.10026 -2.35776 | 1.590671 | 16.48993 | -3.90891 -3.96924 | 3.160473
143 P-S-S-P-E-K-E-S-P-E-K-E-D-Q-E -0.98098 -1.81189 | 0.530596 | 2.398958 | -2.78423 -2.37454 -0.11548
144 E-K-E-S-P-E-K-E-D-Q-E-E-E-N-Q -1.9921 -0.63426 -0.31813 | 1.260656 | -1.92195 -1.93519 | 0.402007
145 P-E-K-E-D-Q-E-E-E-N-Q-G-G-K-G -0.62386 -1.30003 | 1.226884 | 8.736883 | -1.25358 -1.54171 | 12.43007
146 D-Q-E-E-E-N-Q-G-G-K-G-P-L-L-S -0.30523 -1.6141 5.276036 | 22.68592 | -1.86188 -2.1375 16.86427
147 E-N-Q-G-G-K-G-P-L-L-S-I-L-K-A 1.091935 | -2.28209 | 6.756705 | 46.14077 | -2.84575 -2.61573 | 16.91618
148 Q-G-G-K-G-P-L-L-S-I-L-K-A-F-N 0.050847 | -1.14198 | 2.290236 | 39.98288 | -2.13063 -1.81654 | 15.93818

m (blanks) 13064.72 | 11944.52 | 11980.02 | 11826.06 | 30213.72 | 12411.71 | 13647.98

s (blanks) 405.2419 | 496.9434 | 279.4139 | 579.7481 12783.8 440.7967 | 1229.712

Table A4: Calculated Z-scores of Ara h 1 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 1 for each peanut-allerig patient (patients 22-23) and tolerant

patient (24-28) are listed. Identified candidate diagnostic peptides are highlighted in light blue.

Patient No. : 22 23 24 25 26 27 28
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score Z-score
1 K-S-S-P-Y-Q-K-K-T-E-N-P-C-A-Q -0.96593 -1.88741 -1.9334 -5.48229 -1.16104 -1.24353 -1.89544
2 Y-Q-K-K-T-E-N-P-C-A-Q-R-C-L-Q -0.22367 | -1.29926 | -1.76534 -5.1789 -0.75234 | -1.18467 | -1.54099
3 T-E-N-P-C-A-Q-R-C-L-Q-S-C-Q-Q -1.1109 -0.63789 -1.86761 -5.43652 -1.19922 -1.23916 -1.7233
4 C-A-Q-R-C-L-Q-S-C-Q-Q-E-P-D-D -0.9305 4.028964 -1.65366 -4.28096 -0.55941 -0.5893 -1.30832
5 C-L-Q-S-C-Q-Q-E-P-D-D-L-K-Q-K -0.94482 | 73.39521 | -1.95855 | -4.67359 | -1.09063 | -0.73853 | -1.78404
6 C-Q-Q-E-P-D-D-L-K-Q-K-A-C-E-S -2.01721 | 105.5123 -2.3351 -4.37118 | -1.06265 -1.3399 -1.67991
7 P-D-D-L-K-Q-K-A-C-E-S-R-C-T-K -1.76552 | 3.469808 | -1.70308 -3.8795 -0.76011 | -0.67009 -1.2161
8 K-Q-K-A-C-E-S-R-C-T-K-L-E-Y-D -1.36655 -0.96888 -1.96856 -4.84412 -1.24488 -0.12082 -1.13246
9 C-E-S-R-C-T-K-L-E-Y-D-P-R-C-V -0.6769 -1.90235 -1.41533 -4.81263 -0.86405 -0.41627 -0.73189
10 C-T-K-L-E-Y-D-P-R-C-V-Y-D-P-R -1.36556 -2.6392 -1.99698 -5.17975 -1.18146 -0.47228 -1.16717
11 E-Y-D-P-R-C-V-Y-D-P-R-G-H-T-G -1.31096 -1.63034 -1.3407 -3.39335 -0.2387 0.039489 -0.43825
12 R-C-V-Y-D-P-R-G-H-T-G-T-T-N-Q -1.25763 -1.1982 -2.04591 -6.10252 -1.8111 -0.42561 -1.28305
13 D-P-R-G-H-T-G-T-T-N-Q-R-S-P-P -0.47983 | 0.156837 | -1.57647 | -4.30831 | -0.67615 | 0.417156 | -0.50098
14 H-T-G-T-T-N-Q-R-S-P-P-G-E-R-T -0.66363 2.51993 -1.65629 -3.93559 -1.1396 0.609136 -0.25981
15 T-N-Q-R-S-P-P-G-E-R-T-R-G-R-Q -1.10583 | 0.800835 | -2.08916 | -5.66977 | -2.26942 | 0.244989 | -1.03663
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16 S-P-P-G-E-R-T-R-G-R-Q-P-G-D-Y -0.71889 | 68.87155 | -1.84813 -6.58955 -2.13665 -0.05873 -0.53409
17 E-R-T-R-G-R-Q-P-G-D-Y-D-D-D-R 2.213756 | 76.82545 | -1.31895 -6.90829 -1.20418 | 0.849557 | 0.241959
18 G-R-Q-P-G-D-Y-D-D-D-R-R-Q-P-R -1.1273 8.727532 | -2.01196 -7.3864 -2.28928 | 0.138119 | -0.66491
19 G-D-Y-D-D-D-R-R-Q-P-R-R-E-E-G -2.74601 -4.90397 -3.46436 -7.90928 -4.20499 -3.72737 -4.28444
20 D-D-R-R-Q-P-R-R-E-E-G-G-R-W-G -2.43837 -3.4936 -2.25873 -8.00302 -2.64256 | -2.30754 -2.70192
21 Q-P-R-R-E-E-G-G-R-W-G-P-A-G-P -2.96305 -3.62384 -2.88056 -8.06445 -2.69409 -2.91109 -2.73536
22 E-E-G-G-R-W-G-P-A-G-P-R-E-R-E -1.61768 -2.82585 -2.3444 -6.5753 -1.92236 | -2.05578 -2.42958
23 R-W-G-P-A-G-P-R-E-R-E-R-E-E-D -0.88741 -0.67394 -1.99686 -5.67864 -1.07129 -1.52214 -1.70827
24 A-G-P-R-E-R-E-R-E-E-D-W-R-Q-P -1.96477 -2.47122 -3.2808 -7.34573 -2.73166 -2.02215 -2.87608
25 E-R-E-R-E-E-D-W-R-Q-P-R-E-D-W 1.587921 | 4.444458 | -1.63233 -5.29603 -1.37911 -1.44882 -1.60814
26 E-E-D-W-R-Q-P-R-E-D-W-R-R-P-S -1.82889 -0.42065 -2.10399 -5.62975 -1.57063 -1.78652 -1.89796
27 R-Q-P-R-E-D-W-R-R-P-S-H-Q-Q-P -0.57374 | 1.736924 | -1.88224 -4.98528 | -0.92097 -1.21297 -1.54323
28 E-D-W-R-R-P-S-H-Q-Q-P-R-K-I-R -0.66931 | 99.26503 | -1.44464 -2.9662 -0.31777 -0.31715 -1.20496
29 R-P-S-H-Q-Q-P-R-K-I-R-P-E-G-R -0.10115 103.67 -1.74402 -4.11382 -0.62705 -0.6785 -1.44666
30 Q-Q-P-R-K-I-R-P-E-G-R-E-G-E-Q -0.64085 61.2642 -1.56681 -3.61118 -0.75149 -0.63052 -1.40217
31 K-I-R-P-E-G-R-E-G-E-Q-E-W-G-T -0.94825 -0.36632 -2.31787 -5.20441 -1.64788 -1.16359 -1.69845
32 E-G-R-E-G-E-Q-E-W-G-T-P-G-S-H -1.00753 | 1.050155 | -1.26259 -5.39806 -0.7756 -0.23816 -0.60607
33 G-E-Q-E-W-G-T-P-G-S-H-V-R-E-E -1.00291 | 2.974034 | -1.58262 -5.89941 -1.15947 -0.37596 -1.20982
34 W-G-T-P-G-S-H-V-R-E-E-T-S-R-N -0.42901 | 0.343593 | -1.55681 -4.93593 | -0.73769 -0.19858 -0.67666
35 G-S-H-V-R-E-E-T-S-R-N-N-P-F-Y -0.51856 -0.56572 -0.71089 -4.22168 | 0.179986 0.6312 0.010161
36 R-E-E-T-S-R-N-N-P-F-Y-F-P-S-R 0.130909 | 0.802006 | -1.74933 -5.85427 -1.22835 -0.25625 -1.0514

37 S-R-N-N-P-F-Y-F-P-S-R-R-F-S-T -1.37067 | 0.952129 | -4.91258 -5.3611 -4.21586 -1.87428 -4.11434
38 P-F-Y-F-P-S-R-R-F-S-T-R-Y-G-N -2.84609 -3.60192 -6.14402 -7.83549 -5.97018 -2.69523 -4.94688
39 P-S-R-R-F-S-T-R-Y-G-N-Q-N-G-R -1.48485 -2.36242 -3.10558 -5.86693 -2.89298 | -0.75458 -1.35295
40 F-S-T-R-Y-G-N-Q-N-G-R-I-R-V-L -3.17611 -3.98037 -6.35998 -10.7655 -7.11584 -2.46929 -4.90415
41 Y-G-N-Q-N-G-R-I-R-V-L-Q-R-F-D -3.62562 -3.40967 -5.22683 -10.0711 -5.43696 -2.39852 -3.83078
42 N-G-R-I-R-V-L-Q-R-F-D-Q-R-S-R -2.20673 -1.4678 -2.84051 -7.3006 -2.8337 -0.72208 -0.81155
43 R-V-L-Q-R-F-D-Q-R-S-R-Q-F-Q-N -3.25074 -3.78535 -3.17762 -8.48035 -3.83661 -3.06263 -3.49398
44 R-F-D-Q-R-S-R-Q-F-Q-N-L-Q-N-H -2.77069 -3.70588 -2.73329 -6.78921 -3.27117 -2.97671 -3.14436
45 R-S-R-Q-F-Q-N-L-Q-N-H-R-I-V-Q -2.95689 -5.37591 -4.27938 -7.89753 -3.90011 -3.88248 -4.46512
46 F-Q-N-L-Q-N-H-R-1-V-Q-I-E-A-K -2.88042 -6.06893 -4.93681 -7.77337 -4.53564 -4.27985 -4.66242
47 Q-N-H-R-I-V-Q-I-E-A-K-P-N-T-L -1.77684 -1.81969 -2.07833 -4.39299 -1.64245 | -1.60165 -1.95572
48 1-V-Q-I-E-A-K-P-N-T-L-V-L-P-K -0.2137 0.157028 | -2.91585 -6.1498 -2.86155 -2.09678 -2.52997
49 E-A-K-P-N-T-L-V-L-P-K-H-A-D-A 0.80656 8.397982 -2.4134 -5.41115 -2.39937 -1.51247 -2.43391
50 N-T-L-V-L-P-K-H-A-D-A-D-N-I-L -1.01459 | 0.016104 | -1.83741 -4.96782 -1.80415 -1.44871 -1.81019
51 L-P-K-H-A-D-A-D-N-I-L-V-I-Q-Q 1.32399 2.546529 | -2.74966 -5.65179 -2.92503 -0.97919 -2.86152
52 A-D-A-D-N-I-L-V-I-Q-Q-G-Q-A-T -1.60849 | 6.666821 -3.9495 -6.02428 | -3.63972 -2.53526 -3.88086
53 N-I-L-V-I-Q-Q-G-Q-A-T-V-T-V-A -0.63796 8.94339 -2.17572 -4.63878 -1.83868 -0.94452 -2.03524
54 1-Q-Q-G-Q-A-T-V-T-V-A-N-G-N-N -0.21328 | 2.742649 | -2.63951 -4.8146 -2.77781 -0.72892 -2.38194
55 Q-A-T-V-T-V-A-N-G-N-N-R-K-S-F -2.02488 -2.74472 -5.07179 -7.42406 -5.23848 -2.90401 -4.51457
56 T-V-A-N-G-N-N-R-K-S-F-N-L-D-E -0.39295 | 1.547072 -2.2155 -6.3912 -2.79791 -0.61471 -1.84534
57 G-N-N-R-K-S-F-N-L-D-E-G-H-A-L -2.05016 -3.50132 -4.7703 -8.22817 -5.14956 -2.39285 -4.38543
58 K-S-F-N-L-D-E-G-H-A-L-R-I-P-S -0.25904 -1.79172 -1.7461 -5.27804 -1.38826 -0.26538 -0.91124
59 L-D-E-G-H-A-L-R-I-P-S-G-F-I-S -0.87128 -0.76361 -1.28544 -3.05431 -0.46119 | 0.026135 | -0.37126
60 H-A-L-R-I-P-S-G-F-I-S-Y-I-L-N 0.045053 | -0.72693 -1.17563 -6.00307 -1.81202 | 0.050173 | -0.68295
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61 |-P-S-G-F-1-S-Y-I-L-N-R-H-D-N -2.15687 -3.28503 -2.81353 -6.62933 -3.01534 -1.04473 -1.8101
62 F-I-S-Y-I-L-N-R-H-D-N-Q-N-L-R -2.90558 -3.84163 -4.74124 -7.4773 -4.96383 -2.56415 -3.71703
63 I-L-N-R-H-D-N-Q-N-L-R-V-A-K-| -1.03532 -3.44675 -4.38729 -8.68597 -4.51924 -1.98556 -2.84062
64 H-D-N-Q-N-L-R-V-A-K-I-S-M-P-V -0.88733 | -1.90299 | -2.87013 | -8.60814 | -3.8618 | -0.8994 | -1.98835
65 N-L-R-V-A-K-|-S-M-P-V-N-T-P-G -0.64355 | -1.32081 | -1.40693 | -7.39942 | -1.74408 | 0.555563 | -0.16868
66 A-K-I-S-M-P-V-N-T-P-G-Q-F-E-D -2.35598 -3.34461 -3.46685 -9.69208 -3.98484 | 0.008007 -1.66147
67 M-P-V-N-T-P-G-Q-F-E-D-F-F-P-A 279829 | -6.1347 | -5.02035 | -8.69216 | -6.38315 | -3.08785 | -5.28328
68 T-P-G-Q-F-E-D-F-F-P-A-S-S-R-D -3.57138 -4.77384 -4.48884 -8.66395 -5.05552 -3.31468 -4.62915
69 F-E-D-F-F-P-A-S-S-R-D-Q-S-S-Y -3.94157 | -8.96239 | -8.01268 | -12.0841 | -8.64472 | -5.90745 | -8.16398
70 F-P-A-S-S-R-D-Q-S-S-Y-L-Q-G-F -2.01852 -3.86933 -3.94799 -7.31701 -4.12451 -2.9561 -4.0892
71 S-R-D-Q-S-S-Y-L-Q-G-F-S-R-N-T -1.06273 0.333018 | -2.12839 -4.14836 -2.20852 -1.52996 -2.15398
72 S-S-Y-L-Q-G-F-S-R-N-T-L-E-A-A 3.597006 | 39.95089 | -4.20983 -6.26647 -4.17238 -2.59155 -4.02274
73 Q-G-F-S-R-N-T-L-E-A-A-F-N-A-E -0.52198 | 47.08792 -2.10013 -4.85823 -2.11863 -1.54834 -2.14014
74 R-N-T-L-E-A-A-F-N-A-E-F-N-E-I 0.069256 | 16.20381 -1.80885 -6.77821 -2.079 -1.01855 -1.73
75 E-A-A-F-N-A-E-F-N-E--R-R-V-L -1.78469 | 9.029146 | -4.88754 | -6.46461 | -5.26286 | -3.79904 | -4.76696
76 N-A-E-F-N-E-I-R-R-V-L-L-E-E-N -2.31255 | 0.660755 | -4.40296 -6.54036 -4.19647 -2.85777 -3.84284
77 N-E-I-R-R-V-L-L-E-E-N-A-G-G-E 0.069005 | 3.842076 | -1.81044 -3.23003 -1.40076 -0.5564 -1.43547
78 R-V-L-L-E-E-N-A-G-G-E-Q-E-E-R -0.07618 -0.13095 -2.25377 -4.15397 -2.71525 -1.07257 -2.15288
79 E-E-N-A-G-G-E-Q-E-E-R-G-Q-R-R 14575 | -2.31006 | -3.52853 | -5.12545 | -3.34151 | -2.09516 | -2.89655
80 G-G-E-Q-E-E-R-G-Q-R-R-W-S-T-R -1.01058 -1.70582 -1.76681 -5.56822 -2.20975 -0.73135 -1.30343
81 E-E-R-G-Q-R-R-W-S-T-R-S-S-E-N -0.87961 | -1.95928 | -2.17875 | -4.59396 | -2.49261 | -0.92536 | -1.8309
82 Q-R-R-W-S-T-R-S-S-E-N-N-E-G-V -0.12028 -1.67085 -1.74452 -4.28946 -1.70393 -0.15521 -0.91505
83 S-T-R-5-S-E-N-N-E-G-V-I-V-K-V -0.68781 | 0.031608 | -0.93823 | -2.55198 | -0.20397 | 0.471262 | -0.0969
84 S-E-N-N-E-G-V-I-V-K-V-S-K-E-H 0.097479 | 0.417683 | -0.82879 | -3.60745 | -0.6192 | 0.595277 | -0.01427
85 E-G-V-I-V-K-V-S-K-E-H-V-E-E-L -0.51303 | -1.63809 | -1.44765 | -5.02007 | -1.48957 | 0.166225 | -0.52785
86 V-K-V-S-K-E-H-V-E-E-L-T-K-H-A -0.59467 -0.99365 -1.44338 -5.13499 -1.37344 | 0.226367 | -0.17213
87 K-E-H-V-E-E-L-T-K-H-A-K-S-V-S 0.16758 | 0.865034 | -0.90147 | -5.30604 | -0.91029 | 0.852171 | 0.330606
88 E-E-L-T-K-H-A-K-5-V-S-K-K-G-S -1.82794 | -2.95619 | -3.90883 | -8.48398 | -4.10911 | 1.347697 | -2.4566
89 K-H-A-K-S-V-S-K-K-G-S-E-E-E-G 12882 | -1.55618 | -1.63232 | -8.18078 | -1.98714 | -0.01677 | -0.32277
90 S-V-S-K-K-G-S-E-E-E-G-D-I-T-N -1.44028 -0.01346 -1.49709 -8.54417 -2.47469 | 0.757111 -0.04766
91 K-G-S-E-E-E-G-D-I-T-N-P-I-N-L -1.76289 | -6.15943 | -5.39685 | -9.94773 | -6.62282 | -4.36613 | -5.42499
92 E-E-G-D-I-T-N-P-I-N-L-R-E-G-E -1.91574 -3.88243 -3.19721 -7.22899 -3.94755 -2.82767 -3.34837
93 I-T-N-P-I-N-L-R-E-G-E-P-D-L-S -1.68446 | -2.13366 | -2.70067 | -6.33934 | -2.95605 | -2.55337 | -2.79313
94 I-N-L-R-E-G-E-P-D-L-S-N-N-F-G -4.10653 -5.1647 -6.17546 -9.29722 -6.79894 -3.85684 -6.22619
95 E-G-E-P-D-L-S-N-N-F-G-K-L-F-E -0.43904 10.14929 | -1.68286 -3.17693 -1.535 -1.31479 -1.702
96 D-L-S-N-N-F-G-K-L-F-E-V-K-P-D -1.09976 | 98.7807 | -2.96299 | -4.76067 | -3.15548 | -2.3293 | -2.97098
97 N-F-G-K-L-F-E-V-K-P-D-K-K-N-P -0.43547 109.2173 | -1.23506 -2.86099 -1.12575 -0.84298 -1.16425
98 L-F-E-V-K-P-D-K-K-N-P-Q-L-Q-D 0.552438 | 93.36322 -1.18874 -3.94505 -1.44728 -0.81265 -1.19686
99 K-P-D-K-K-N-P-Q-L-Q-D-L-D-M-M -0.60961 | 42.15726 | -1.63249 -4.16139 -1.7959 -0.80002 -1.19815
100 K-N-P-Q-L-Q-D-L-D-M-M-L-T-C-V -0.89098 11.42406 | -1.44017 -3.32093 -2.01379 -0.59575 -1.26307
101 L-Q-D-L-D-M-M-L-T-C-V-E-I-K-E -0.07294 | 3.784291 | -1.26922 -3.28153 -1.54154 -0.53136 -0.74456
102 D-M-M-L-T-C-V-E-I-K-E-G-A-L-M -0.51002 | 1546282 | -0.94538 | -3.30079 | -0.93388 | -0.34005 | -0.5694
103 T-C-V-E-I-K-E-G-A-L-M-L-P-H-F -0.16756 -0.43497 -1.04727 -4.17986 -0.89873 -0.24061 -0.45506
104 |-K-E-G-A-L-M-L-P-H-F-N-S-K-A -0.00764 -0.71608 -1.20391 -4.82348 -1.48337 0.513301 -0.42273
105 A-L-M-L-P-H-F-N-S-K-A-M-V-I-V 0.064219 | 1.607191 -1.19854 -3.07983 -1.08471 0.023127 -0.29375
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106 P-H-F-N-S-K-A-M-V-I-V-V-V-N-K -0.45085 -1.40921 -0.95869 -2.31421 -0.83743 | 0.247611 | -0.37433
107 S-K-A-M-V-I-V-V-V-N-K-G-T-G-N -0.19941 -0.46304 -0.97818 -3.04711 -0.65044 | 0.629788 | -0.22597
108 V-I-V-V-V-N-K-G-T-G-N-L-E-L-V -0.10304 | 0.046326 | -0.73713 -3.02069 -0.54341 | 0.792302 | 0.171513
109 V-N-K-G-T-G-N-L-E-L-V-A-V-R-K 0.023356 | -0.23746 -0.97552 -3.25464 | -1.05292 | 0.443865 | -0.09766
110 T-G-N-L-E-L-V-A-V-R-K-E-Q-Q-Q -0.22143 | 0.846341 | -1.22364 -5.16306 -1.38398 0.31351 0.070047
111 E-L-V-A-V-R-K-E-Q-Q-Q-R-G-R-R -0.01233 1.70455 -2.00781 -6.60302 -2.22503 | 0.533122 | -0.80269
112 V-R-K-E-Q-Q-Q-R-G-R-R-E-E-E-E -1.43443 -2.02255 -2.5771 -8.28375 -3.2421 -0.75711 -1.44138
113 Q-Q-Q-R-G-R-R-E-E-E-E-D-E-D-E -0.2868 -2.06331 -1.58545 -8.34046 -2.37237 | 0.265208 | -0.33481
114 G-R-R-E-E-E-E-D-E-D-E-E-E-E-G -1.36932 -1.50447 -1.66291 -8.83286 -2.81345 | 0.725189 | -0.42721
115 E-E-E-D-E-D-E-E-E-E-G-S-N-R-E -3.89408 -5.2525 -3.71621 -7.61443 -4.98856 -3.81668 -4.52105
116 E-D-E-E-E-E-G-S-N-R-E-V-R-R-Y -1.19888 -5.26656 -4.57091 -7.95208 -5.55482 -4.16882 -4.61318
117 E-E-G-S-N-R-E-V-R-R-Y-T-A-R-L -1.82031 -3.969 -4.57504 -7.61459 -5.21431 -3.56644 -4.36858
118 N-R-E-V-R-R-Y-T-A-R-L-K-E-G-D -1.64969 -5.83612 -5.99515 -8.94103 -6.81823 -4.62704 -6.15757
119 R-R-Y-T-A-R-L-K-E-G-D-V-F-I-M -3.30176 -2.94949 -4.24546 -4.74492 -4.61798 -3.73769 -4.34381
120 A-R-L-K-E-G-D-V-F-I-M-P-A-A-H -1.24071 | 4.240484 | -1.91398 | 5.975579 | -2.07006 -1.4699 -1.83221
121 E-G-D-V-F-I-M-P-A-A-H-P-V-A-| -0.46455 | 22.44662 | -1.33396 -3.00896 -1.58091 -1.07645 -1.45141
122 F-I-M-P-A-A-H-P-V-A-I-N-A-S-S -0.20312 | 1.916798 | -1.11275 -3.8424 -0.99729 -0.1043 -0.43932
123 A-A-H-P-V-A-I-N-A-S-S-E-L-H-L 0.29908 0.881559 | -0.71629 -3.56839 -0.60245 | 0.180781 -0.242
124 V-A-I-N-A-S-S-E-L-H-L-L-G-F-G -0.78204 -0.80642 -1.46373 -4.05807 -1.47796 -0.2122 -0.61168
125 A-S-S-E-L-H-L-L-G-F-G-I-N-A-E -0.28197 -0.68726 -2.1274 -1.78915 -2.28071 -1.14109 -1.65696
126 L-H-L-L-G-F-G-I-N-A-E-N-N-H-R -0.72338 -0.71928 -1.78729 -1.7079 -1.4751 -0.85817 -1.33199
127 G-F-G-I-N-A-E-N-N-H-R-I-F-L-A 0.021241 | -1.85202 -1.60154 -3.65235 -1.71196 -0.37891 -1.26089
128 N-A-E-N-N-H-R-I-F-L-A-G-D-K-D 0.597911 | 0.698823 | -1.05483 -3.95982 -1.4164 0.041232 | -0.55475
129 N-H-R-I-F-L-A-G-D-K-D-N-V-I-D 0.353081 -1.0316 -1.8242 -4.32249 -2.14159 -0.77481 -1.15323
130 F-L-A-G-D-K-D-N-V-I-D-Q-I-E-K -0.68109 -1.89161 -2.71347 -4.91345 -2.4049 -1.38392 -1.78431
131 D-K-D-N-V-I-D-Q-I-E-K-Q-A-K-D 0.026234 | -1.50698 -1.6048 -3.24169 -1.51328 -0.34256 -0.73462
132 V-I-D-Q-I-E-K-Q-A-K-D-L-A-F-P -0.09504 0.0538 -0.53057 -1.50892 -0.47197 | 1.114052 | 0.341803
133 I-E-K-Q-A-K-D-L-A-F-P-G-S-G-E -0.06977 | 1.582521 | -0.51844 | 9.373499 | -0.60908 | 0.575843 | 0.228411
134 A-K-D-L-A-F-P-G-S-G-E-Q-V-E-K 0.537195 | 28.85953 | -0.62821 -0.59609 -1.00759 | 0.851699 | 0.456705
135 A-F-P-G-S-G-E-Q-V-E-K-L-I-K-N -0.2464 4.745072 | -1.89834 -6.72622 -2.48935 | 0.429462 | -0.53325
136 S-G-E-Q-V-E-K-L-I-K-N-Q-K-E-S -0.4134 -0.67259 -1.6125 -6.84798 -2.04693 | 0.298238 | -0.53982
137 V-E-K-L-I-K-N-Q-K-E-S-H-F-V-S -0.13159 -1.34983 -1.69171 -8.03865 -2.37266 0.39802 -0.38793
138 I-K-N-Q-K-E-S-H-F-V-S-A-R-P-Q -0.31254 -0.83526 -1.51017 -8.75554 -2.51362 | 0.273687 | 0.008129
139 K-E-S-H-F-V-S-A-R-P-Q-S-Q-S-Q -2.62867 -2.59702 -2.4771 -6.96425 | -3.47161 -2.53391 -2.7745
140 F-V-S-A-R-P-Q-S-Q-S-Q-S-P-S-S -2.36492 -3.30074 -2.8715 -7.24818 -3.83652 -2.69975 -3.11195
141 R-P-Q-S-Q-S-Q-S-P-S-S-P-E-K-E -4.98134 -9.04071 -7.28264 -11.4012 -9.40041 -5.87239 -8.62151
142 Q-S-Q-S-P-S-S-P-E-K-E-S-P-E-K -3.11686 -4.01253 -3.84125 -7.43564 -4.39026 -2.6927 -3.83887
143 P-S-S-P-E-K-E-S-P-E-K-E-D-Q-E -2.45398 -2.09637 -2.58219 -5.40626 -3.05632 -2.3048 -2.59593
144 E-K-E-S-P-E-K-E-D-Q-E-E-E-N-Q -1.68344 -0.7066 -2.10358 -3.94709 -2.29124 | -1.49827 -2.04934
145 P-E-K-E-D-Q-E-E-E-N-Q-G-G-K-G -1.50593 | 1.313218 | -1.63151 -3.75374 -1.95518 -1.37046 -1.51578
146 D-Q-E-E-E-N-Q-G-G-K-G-P-L-L-S -1.13567 | 3.263379 | -1.74451 -4.74822 -2.42087 -1.43382 -1.89263
147 E-N-Q-G-G-K-G-P-L-L-S-I-L-K-A -0.87581 | 0.331808 | -3.01931 -5.80164 -3.8935 -2.14828 -2.74216
148 Q-G-G-K-G-P-L-L-S-I-L-K-A-F-N -0.33289 -0.13049 -1.8276 -4.37701 -2.81068 -1.17849 -1.48254
m (blanks) 13089.69 | 12093.18 | 13360.35 | 33476.14 | 26609.57 | 13484.05 | 12349.44
s (blanks) 476.6536 | 439.4543 | 499.9719 | 2886.569 | 9751.287 | 375.3086 | 414.1513

208 Appendix



Table A5: Calculated Z-scores of Ara h 1 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 1 for each panut-tolerant patient (patients 29-35) are listed.

Identified candidate diagnostic peptides are highlighted in light blue.

Patient No. : 29 30 31 32 33 34 35
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score Z-score
1 K-S-S-P-Y-Q-K-K-T-E-N-P-C-A-Q -1.96098 | -2.40195 | -0.81397 | -1.78074 | -1.69102 | -2.00107 | -2.50144
2 Y-Q-K-K-T-E-N-P-C-A-Q-R-C-L-Q -1.71713 -1.85872 -0.68889 -1.71758 -1.36501 -1.0472 -2.40786
3 T-E-N-P-C-A-Q-R-C-L-Q-S-C-Q-Q -1.83232 | -2.32718 | -1.07615 | -2.05178 | -1.80273 | -1.57224 | -2.71814
4 C-A-Q-R-C-L-Q-S-C-Q-Q-E-P-D-D -1.16849 -1.94313 -0.09479 -1.48779 -1.36059 -0.43869 -2.00044
5 C-L-Q-S-C-Q-Q-E-P-D-D-L-K-Q-K -2.00628 | -2.11968 | -0.69619 | -1.96348 | -2.07297 | -0.52157 | -2.71761
6 C-Q-Q-E-P-D-D-L-K-Q-K-A-C-E-S -1.95992 | -2.29368 | -0.88767 | -2.12455 | -2.12152 -1.2312 -2.75647
7 P-D-D-L-K-Q-K-A-C-E-S-R-C-T-K -1.19909 -1.74503 -0.37792 -1.64453 -1.44126 | 0.390454 -1.99683
8 K-Q-K-A-C-E-S-R-C-T-K-L-E-Y-D -1.36374 -1.55097 -0.39419 -1.65111 -1.78716 0.278091 -2.146
9 C-E-S-R-C-T-K-L-E-Y-D-P-R-C-V -0.80363 -1.10953 0.455956 -1.24625 -1.1528 1.490519 -1.55207
10 C-T-K-L-E-Y-D-P-R-C-V-Y-D-P-R -1.19466 | -1.59953 | -0.52083 | -1.64188 | -1.47003 | 0.782012 | -2.23772
11 E-Y-D-P-R-C-V-Y-D-P-R-G-H-T-G -0.43086 | -0.77084 | -0.04499 | -0.82984 | -0.98366 | 1.848603 | -1.40551
12 R-C-V-Y-D-P-R-G-H-T-G-T-T-N-Q -1.08522 -1.5556 -0.81931 | -1.84505 | -1.80461 | 0.613636 | -2.50472
13 D-P-R-G-H-T-G-T-T-N-Q-R-S-P-P -0.40748 -0.81841 0.43405 -1.10117 -0.52077 2.272838 -1.45777
14 H-T-G-T-T-N-Q-R-S-P-P-G-E-R-T -0.16359 | -0.53245 | 0.468962 | -1.00479 | -0.58585 | 2.471696 | -1.28467
15 T-N-Q-R-S-P-P-G-E-R-T-R-G-R-Q -1.09609 | -1.34363 | -0.25253 | -1.78121 | -1.51069 | 1.513614 | -2.27749
16 S-P-P-G-E-R-T-R-G-R-Q-P-G-D-Y -0.67311 -1.11558 0.125521 -1.37477 -1.25372 1.064519 -1.91362
17 E-R-T-R-G-R-Q-P-G-D-Y-D-D-D-R 0.192743 -0.0466 1.006891 | -0.79795 -0.3607 1.836339 | -0.99402
18 G-R-Q-P-G-D-Y-D-D-D-R-R-Q-P-R -0.667 -0.9999 -0.00244 | -1.67302 | -1.39058 2.22806 -2.14727
19 G-D-Y-D-D-D-R-R-Q-P-R-R-E-E-G -4.48229 -4.55056 -3.27029 -4.23338 -4.2206 -3.31441 -4.76474
20 D-D-R-R-Q-P-R-R-E-E-G-G-R-W-G -2.82402 -3.155 -1.84359 -2.61513 -2.90935 -2.53401 -3.14969
21 Q-P-R-R-E-E-G-G-R-W-G-P-A-G-P -3.12714 -3.46375 -2.10791 -2.90911 -3.09689 -3.1318 -3.20343
22 E-E-G-G-R-W-G-P-A-G-P-R-E-R-E -2.58628 | -2.88043 | -1.57822 | -2.34018 | -2.46505 | -2.17455 | -2.85083
23 R-W-G-P-A-G-P-R-E-R-E-R-E-E-D -1.83231 -2.25652 -0.96241 -1.66278 -1.6223 -2.45344 -2.425
24 A-G-P-R-E-R-E-R-E-E-D-W-R-Q-P -3.27316 -3.81312 -2.15165 -3.2158 -3.14433 -3.64954 -3.78977
25 E-R-E-R-E-E-D-W-R-Q-P-R-E-D-W -1.98915 | -2.31693 | -0.83361 -1.5388 -1.64667 | -1.73639 | -2.48978
26 E-E-D-W-R-Q-P-R-E-D-W-R-R-P-S -1.98414 -2.69081 -1.26301 -1.94332 -2.05191 -1.6568 -2.61789
27 R-Q-P-R-E-D-W-R-R-P-S-H-Q-Q-P -1.61314 | -2.37918 | -0.88226 | -1.72193 | -1.66359 | -1.00035 | -2.45924
28 E-D-W-R-R-P-S-H-Q-Q-P-R-K-I-R -1.26404 -1.62897 -0.50543 -1.65135 -1.47052 2.772519 -1.93226
29 R-P-S-H-Q-Q-P-R-K-I-R-P-E-G-R -1.24047 | -1.84867 | -0.76907 | -1.60093 | -1.80348 | 0.679832 | -2.20327
30 Q-Q-P-R-K-I-R-P-E-G-R-E-G-E-Q -1.49654 | -1.85575 | -0.43065 | -1.56617 | -1.59888 | 1.073113 | -2.19143
31 K-I-R-P-E-G-R-E-G-E-Q-E-W-G-T -1.78499 -2.21226 -0.92722 -2.06017 -2.19764 -0.78581 -2.77595
32 E-G-R-E-G-E-Q-E-W-G-T-P-G-S-H -0.80859 | -0.92786 | 0.083089 | -1.02481 | -0.89604 | -0.74084 | -1.51788
33 G-E-Q-E-W-G-T-P-G-S-H-V-R-E-E -1.12135 | -1.32287 | -0.59095 | -1.59858 | -1.42527 | -0.84743 | -2.07836
34 W-G-T-P-G-S-H-V-R-E-E-T-S-R-N -0.53332 -1.14455 -0.05914 -1.20476 -1.06486 0.978097 -1.55899
35 G-S-H-V-R-E-E-T-S-R-N-N-P-F-Y -0.01043 | -0.09614 | 0.440311 | -0.50006 | -0.32543 | 1.134864 | -1.18208
36 R-E-E-T-S-R-N-N-P-F-Y-F-P-S-R -0.82036 | -1.40932 -0.1763 -1.5243 -1.43969 | 2.120055 | -1.95952
37 S-R-N-N-P-F-Y-F-P-S-R-R-F-S-T -3.44752 -3.95816 -3.20639 -4.74483 -4.20258 6.11492 -5.01601
38 P-F-Y-F-P-S-R-R-F-S-T-R-Y-G-N -5.06892 -5.32476 -3.69021 -5.54657 -5.54197 1.857467 -5.87802
39 P-S-R-R-F-S-T-R-Y-G-N-Q-N-G-R -1.46638 -1.85275 -0.93971 -2.6365 -2.08728 5.462969 -2.87961
40 F-S-T-R-Y-G-N-Q-N-G-R-I-R-V-L -5.51754 -4.9093 -3.59513 | -6.07071 | -5.54662 | 1.951398 -6.1746
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41 Y-G-N-Q-N-G-R-I-R-V-L-Q-R-F-D -3.80173 -4.28143 -3.51195 -4.77467 -4.53855 | 1.637606 | -4.99667
42 N-G-R-I-R-V-L-Q-R-F-D-Q-R-S-R -1.05402 -1.4463 -0.37499 -2.09876 -1.85343 | 8.269298 | -2.47961
43 R-V-L-Q-R-F-D-Q-R-S-R-Q-F-Q-N -3.77368 -4.26005 -2.81649 -3.46217 -3.76985 -3.08607 -3.81267
44 R-F-D-Q-R-S-R-Q-F-Q-N-L-Q-N-H -3.51472 -3.76369 -2.65536 -3.32275 -3.37184 -1.93313 -3.75799
45 R-S-R-Q-F-Q-N-L-Q-N-H-R-I-V-Q -4.65688 -5.20262 -3.67376 -4.37583 -4.3852 -2.9254 -4.83482
46 F-Q-N-L-Q-N-H-R-I-V-Q-I-E-A-K -4.96953 -5.19897 -4.1249 -4.81221 -5.01963 -3.5504 -5.15906
47 Q-N-H-R-I-V-Q-I-E-A-K-P-N-T-L -1.84435 -2.61608 -1.24135 -1.99534 | -1.85301 -0.89474 -2.3293
48 1-V-Q-I-E-A-K-P-N-T-L-V-L-P-K -2.79282 -3.19444 -2.12935 | -2.79919 -2.76277 -1.42306 -3.56109
49 E-A-K-P-N-T-L-V-L-P-K-H-A-D-A -2.58609 -2.53274 -1.5097 -2.47911 -2.36149 -0.87698 -2.99702
50 N-T-L-V-L-P-K-H-A-D-A-D-N-I-L -2.03782 -2.43916 -1.10017 -1.73145 -1.60425 | 0.241955 -2.379

51 L-P-K-H-A-D-A-D-N-I-L-V-I-Q-Q -2.81641 -3.7833 -2.41846 -3.1225 -3.30017 | 1.703604 | -3.77154
52 A-D-A-D-N-I-L-V-I-Q-Q-G-Q-A-T -4.19235 -4.3313 -3.26534 -4.09327 -4.33864 -1.00651 -4.652

53 N-I-L-V-I-Q-Q-G-Q-A-T-V-T-V-A -2.16774 -2.13731 -1.27606 -2.39048 -2.42897 | 0.209174 | -2.64583
54 1-Q-Q-G-Q-A-T-V-T-V-A-N-G-N-N -2.68989 -2.60579 -1.90558 -2.87914 | -2.90811 | 0.692469 | -3.47579
55 Q-A-T-V-T-V-A-N-G-N-N-R-K-S-F -4.75025 -4.47719 -3.99292 -4.88241 -4.93557 -0.46567 -5.21174
56 T-V-A-N-G-N-N-R-K-S-F-N-L-D-E -1.86184 -2.27533 -1.75553 -2.35259 -2.23456 -0.76586 -2.87459
57 G-N-N-R-K-S-F-N-L-D-E-G-H-A-L -4.56008 -4.34359 -3.16136 -4.98688 -4.90878 -1.51123 -5.22503
58 K-S-F-N-L-D-E-G-H-A-L-R-I-P-S -0.91191 -1.43548 -0.23171 -1.45091 -1.47296 | 1.616476 | -1.88548
59 L-D-E-G-H-A-L-R-I-P-S-G-F-I-S -0.43649 -0.7397 0.05526 -0.8411 -0.93607 | 4.109905 | -1.36711
60 H-A-L-R-I-P-S-G-F-I-S-Y-I-L-N -0.78396 -1.15791 -0.0508 -1.23558 -1.25632 | 2.256282 | -1.51057
61 |-P-S-G-F-I-S-Y-I-L-N-R-H-D-N -1.84747 -2.13996 -1.55845 -2.59927 -2.38757 | 0.955149 | -2.88912
62 F-I-S-Y-I-L-N-R-H-D-N-Q-N-L-R -3.59099 -3.73401 -3.22023 -4.57768 -4.23679 | 1.134951 -4.7398
63 I-L-N-R-H-D-N-Q-N-L-R-V-A-K-I -2.88255 -3.44661 -2.73926 -3.77429 -3.67302 | 0.770051 | -4.28396
64 H-D-N-Q-N-L-R-V-A-K-I-S-M-P-V -1.97813 -2.0283 -0.98189 -2.95385 -2.59865 | 0.826378 | -2.94594
65 N-L-R-V-A-K-I-S-M-P-V-N-T-P-G -0.06683 -0.34011 | 0.182529 | -0.76292 -0.63256 | 1.861246 | -1.14492
66 A-K-1-S-M-P-V-N-T-P-G-Q-F-E-D -1.38379 -1.52475 -1.38817 -2.40464 -2.37183 | 0.172457 | -2.86822
67 M-P-V-N-T-P-G-Q-F-E-D-F-F-P-A -5.85822 -5.20927 -4.92427 -5.43 -5.6348 -3.79248 -6.03225
68 T-P-G-Q-F-E-D-F-F-P-A-S-S-R-D -5.12523 -4.7924 -3.86626 -4.76564 -5.0775 -2.74772 -5.17944
69 F-E-D-F-F-P-A-S-S-R-D-Q-S-S-Y -8.47565 -8.33525 -7.09172 -8.10856 -8.22756 -5.29794 -8.77113
70 F-P-A-S-S-R-D-Q-S-S-Y-L-Q-G-F -4.33994 -4.31495 | -3.36856 -4.21691 -4.08812 -2.66787 -4.6224
71 S-R-D-Q-S-S-Y-L-Q-G-F-S-R-N-T -2.16972 -2.79448 -1.40468 -2.20131 -2.2241 0.762336 | -2.67811
72 S-S-Y-L-Q-G-F-S-R-N-T-L-E-A-A -3.93724 -4.48038 -2.8885 -3.82911 -4.04678 -1.6196 -4.547

73 Q-G-F-S-R-N-T-L-E-A-A-F-N-A-E -2.27504 -2.51554 -1.50664 -2.20462 -2.19394 -1.11055 -2.65728
74 R-N-T-L-E-A-A-F-N-A-E-F-N-E-I -1.71356 -2.41752 -1.04764 -1.94978 | -1.85634 | 0.944732 -2.3838
75 E-A-A-F-N-A-E-F-N-E-I-R-R-V-L -5.03462 -5.35444 | -4.39359 -5.18735 -5.4194 -0.20395 -5.56858
76 N-A-E-F-N-E-I-R-R-V-L-L-E-E-N -4.20345 -4.0091 -3.27078 -4.39007 -4.33249 -1.61252 -4.49492
77 N-E-I-R-R-V-L-L-E-E-N-A-G-G-E -1.80583 -1.47294 -0.82549 -1.65952 -1.92247 | 2.170454 | -2.27343
78 R-V-L-L-E-E-N-A-G-G-E-Q-E-E-R -2.48007 -2.28278 -1.70954 -2.53663 -2.44476 -0.22067 -3.09094
79 E-E-N-A-G-G-E-Q-E-E-R-G-Q-R-R -3.02944 -3.03866 -2.4653 -3.39789 -3.43389 | 0.593273 | -3.55882
80 G-G-E-Q-E-E-R-G-Q-R-R-W-S-T-R -1.35112 -1.57238 -1.23478 -1.84748 -1.83559 -1.55267 -2.0053
81 E-E-R-G-Q-R-R-W-S-T-R-S-S-E-N -1.49783 -1.70226 -0.9506 -2.01922 -2.27405 | 0.053035 -2.4349
82 Q-R-R-W-S-T-R-S-S-E-N-N-E-G-V -0.57615 -1.05202 -0.32236 -1.23418 -1.45929 -0.29071 -1.84418
83 S-T-R-S-S-E-N-N-E-G-V-I-V-K-V -0.05901 -0.11086 | 0.316488 | -0.66801 -0.63321 | 1.758435 | -1.00417
84 S-E-N-N-E-G-V-I-V-K-V-S-K-E-H 0.28641 -0.1019 0.471391 -0.3614 -0.40723 | 1.853793 | -0.85168
85 E-G-V-I-V-K-V-S-K-E-H-V-E-E-L -0.16239 -0.48878 | 0.110208 | -1.08097 -0.87345 | 2.711468 | -1.40266
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86 V-K-V-S-K-E-H-V-E-E-L-T-K-H-A -0.1189 -0.44542 | 0.040216 | -0.89944 -0.81816 1.27644 -1.14074
87 K-E-H-V-E-E-L-T-K-H-A-K-S-V-S 0.543002 | 0.035546 | 0.846052 | -0.09278 | -0.12561 | 2.9907 | -0.68633
88 E-E-L-T-K-H-A-K-S-V-S-K-K-G-S -2.39508 -1.71374 -1.48004 -2.88311 -2.68003 1.902759 -3.7943
89 K-H-AK-S-V-S-K-K-G-S-E-E-E-G -0.23525 | -0.47456 | 0.065399 | -1.13809 | -0.94217 | 0.072079 | -1.13614
90 S-V-S-K-K-G-S-E-E-E-G-D-I-T-N 0.087879 | -0.37212 -0.06961 -1.00511 -0.35301 1.492912 | -1.13601
91 K-G-S-E-E-E-G-D-I-T-N-P-I-N-L -6.08251 -5.91936 -5.24423 -5.58883 -5.75125 -3.95706 -6.28482
92 E-E-G-D-I-T-N-P-I-N-L-R-E-G-E 358016 | -3.68533 | -3.07699 | -3.39914 | -3.65236 | -1.84062 | -3.90622
93 |-T-N-P-I-N-L-R-E-G-E-P-D-L-S -2.79064 -3.34776 -2.19172 -2.78314 -2.87749 -0.89131 -3.29161
94 I-N-L-R-E-G-E-P-D-L-S-N-N-F-G -6.46538 -6.59322 -5.76331 -6.44506 -6.59334 -5.55489 -6.89539
95 E-G-E-P-D-L-S-N-N-F-G-K-L-F-E -1.73921 -2.02205 -0.84639 -1.65204 -1.75084 | 0.267964 | -1.89913
96 D-L-S-N-N-F-G-K-L-F-E-V-K-P-D -3.22114 -3.63672 -2.60546 -3.10983 -3.162 -0.06525 -3.5238
97 N-F-G-K-L-F-E-V-K-P-D-K-K-N-P -1.31506 | -1.62981 | -0.25386 | -1.27443 | -1.1992 | 1523191 | -1.63908
98 L-F-E-V-K-P-D-K-K-N-P-Q-L-Q-D -1.17964 -1.62633 -0.52397 -1.20924 -1.17964 1.809375 -1.65344
99 K-P-D-K-K-N-P-Q-L-Q-D-L-D-M-M -1.48463 -1.8325 -0.78873 -1.67927 -1.74847 0.81194 -1.93796
100 K-N-P-Q-L-Q-D-L-D-M-M-L-T-C-V -1.1888 -1.33911 -0.83262 -1.49981 -1.53864 | 0.551244 | -1.77933
101 L-Q-D-L-D-M-M-L-T-C-V-E-I-K-E -1.07302 -1.24302 -0.4837 -1.36357 -1.35759 | 0.565644 -1.5592
102 D-M-M-L-T-C-V-E-I-K-E-G-A-L-M -0.75028 -0.82139 -0.13536 -1.16192 -0.99911 -0.0593 -1.44571
103 T-C-V-E-I-K-E-G-A-L-M-L-P-H-F -0.36114 | -0.85343 | 0.038987 | -0.9403 | -0.89087 | 0.028327 | -1.12037
104 I-K-E-G-A-L-M-L-P-H-F-N-S-K-A 055012 | -0.78821 | -0.50482 | -0.8001 | -1.06928 | 0.873289 | -1.20742
105 A-L-M-L-P-H-F-N-S-K-A-M-V-1-V -0.42655 | -0.58278 | -0.23174 | -1.01486 | -0.9662 | 0.99738 | -1.06592
106 P-H-F-N-S-K-A-M-V-1-V-V-V-N-K -0.0925 | -0.36752 | 0.200043 | -0.77501 | -0.59099 | 2.871109 | -0.95162
107 S-K-A-M-V-I-V-V-V-N-K-G-T-G-N 0.173235 | -0.35064 | 0.432994 | -0.73092 -0.69294 1.195947 | -1.14421
108 VA-V-V-V-N-K-G-T-G-N-L-E-L-V 0.537866 | 0.248393 | 0.824026 | -0.26237 | -0.21496 | 4.333803 | -0.61314
109 V-N-K-G-T-G-N-L-E-L-V-A-V-R-K 0.413391 -0.1447 0.535107 | -0.62545 -0.40154 | 2.190412 -0.8985
110 T-G-N-L-E-L-V-A-V-R-K-E-Q-Q-Q 0.18656 | -0.31804 | 0.49589 | -0.76449 | -0.32634 | 1.811087 | -0.96414
111 E-L-V-A-V-R-K-E-Q-Q-Q-R-G-R-R -0.68506 -0.6671 -0.12759 -1.34106 -1.52936 1.899978 -1.8767
112 V-R-K-E-Q-Q-Q-R-G-R-R-E-E-E-E -1.68546 -1.39896 -1.15009 -2.14635 -2.04733 -0.85528 -2.21273
113 Q-Q-Q-R-G-R-R-E-E-E-E-D-E-D-E 0.148499 | -0.35106 0.042775 | -0.94841 -0.77974 | 0.284108 -1.25717
114 G-R-R-E-E-E-E-D-E-D-E-E-E-E-G -0.12566 -0.38224 -0.02598 -1.18015 -0.95077 | 0.555771 -1.46751
115 E-E-E-D-E-D-E-E-E-E-G-S-N-R-E -4.43209 -4.32553 -3.83032 -4.17066 -4.47604 -2.46544 -4.92847
116 E-D-E-E-E-E-G-S-N-R-E-V-R-R-Y 517861 | -4.79219 | -4.63093 | -4.8571 | -5.13206 | -3.78025 | -5.18906
117 E-E-G-S-N-R-E-V-R-R-Y-T-A-R-L -4.67646 -4.65452 -3.95036 -4.76744 -4.70542 -1.22555 -4.86127
118 N-R-E-V-R-R-Y-T-A-R-L-K-E-G-D -6.32906 -6.18001 -5.61922 -6.39417 -6.36808 -3.57857 -6.41153
119 R-R-Y-T-A-R-L-K-E-G-D-V-F-I-M -4.64388 -4.75712 -3.79146 -4.41361 -4.24739 -1.12305 -4.74242
120 A-R-L-K-E-G-D-V-F-I-M-P-A-A-H -1.77888 -2.24825 -1.32342 -1.89917 -2.05783 -0.4094 -2.10347
121 E-G-D-V-F-I-M-P-A-A-H-P-V-A-| -1.63326 -1.51474 -0.89538 -1.24835 -1.39583 1.632756 -1.66071
122 F-I-M-P-A-A-H-P-V-A-I-N-A-S-S -0.24594 -0.73 -0.51764 -0.94672 -0.92693 -0.6024 -1.11852
123 A-A-H-P-V-A-I-N-A-S-S-E-L-H-L -0.0888 -0.42306 0.010493 | -0.77237 -0.70429 | 0.041462 -0.63688
124 V-A-I-N-A-S-S-E-L-H-L-L-G-F-G -0.69734 | -0.543 | -0.31077 | -1.19915 | -1.37762 | -0.18655 | -1.59389
125 A-S-S-E-L-H-L-L-G-F-G-I-N-A-E -1.77673 -1.84522 -1.55784 -2.20931 -2.2245 -0.80088 -2.3461
126 L-H-L-L-G-F-G-I-N-A-E-N-N-H-R -1.75273 -1.57223 -0.84303 -1.66117 -1.55857 2.041928 -2.294

127 G-F-G-I-N-A-E-N-N-H-R-I-F-L-A -1.26419 -1.58705 -1.01378 -1.83206 -1.6283 1.645773 -2.05492
128 N-A-E-N-N-H-R-I-F-L-A-G-D-K-D -0.79452 -0.83485 -0.7815 -1.2169 -1.10286 1.319537 -1.42178
129 N-H-R-I-F-L-A-G-D-K-D-N-V-I-D -1.44956 -1.44486 -1.18522 -1.84764 -2.06453 | 0.939484 | -2.30841
130 F-L-A-G-D-K-D-N-V-I-D-Q-I-E-K -1.969 -1.85691 -1.66995 -2.41359 -2.23676 1.542752 -2.67637
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131 D-K-D-N-V-I-D-Q-I-E-K-Q-A-K-D -0.38422 -0.96466 -0.75624 -1.27404 -1.36663 | 1.253026 | -1.39168
132 V-1-D-Q-I-E-K-Q-A-K-D-L-A-F-P 0.700561 | 0.343285 | 0.708647 | -0.20513 -0.14982 | 1.513708 | -0.46916
133 I-E-K-Q-A-K-D-L-A-F-P-G-S-G-E 0.745155 | 0.610842 | 1.853715 | -0.15906 -0.04367 | 0.885985 -0.4803
134 A-K-D-L-A-F-P-G-S-G-E-Q-V-E-K 0.689793 | 0.549704 | 4.461783 | -0.02356 -0.01489 3.67867 -0.17478
135 A-F-P-G-S-G-E-Q-V-E-K-L-I-K-N -0.53511 -0.76289 -0.17308 -1.17784 -1.33922 | 1.009453 | -1.58414
136 S-G-E-Q-V-E-K-L-I-K-N-Q-K-E-S -0.21969 -0.51256 | 0.012519 | -1.04923 -0.62634 -0.57752 -1.02176
137 V-E-K-L-I-K-N-Q-K-E-S-H-F-V-S -0.35575 -0.21945 -0.27371 -1.24861 -0.956 -1.15982 -1.51356
138 I-K-N-Q-K-E-S-H-F-V-S-A-R-P-Q 0.072311 -0.1279 0.000766 | -1.05071 -0.89162 -0.30476 -1.09003
139 K-E-S-H-F-V-S-A-R-P-Q-S-Q-S-Q -2.97073 -2.73124 -2.51785 -2.53422 -3.16457 -1.61284 -2.98804
140 F-V-S-A-R-P-Q-S-Q-S-Q-S-P-S-S -3.31237 -3.36941 -2.91323 -2.95238 | -3.36365 -2.42809 -3.44926
141 R-P-Q-S-Q-S-Q-S-P-S-S-P-E-K-E -8.82035 -8.58667 -7.81938 -8.4913 -8.71475 -6.16303 -8.08372
142 Q-S-Q-S-P-S-S-P-E-K-E-S-P-E-K -3.73943 -3.92663 -3.46774 -3.93155 -3.96514 -1.72332 -4.17279
143 P-S-S-P-E-K-E-S-P-E-K-E-D-Q-E -2.68931 -2.76318 -2.45208 -2.71261 -2.65349 -0.36627 -2.90363
144 E-K-E-S-P-E-K-E-D-Q-E-E-E-N-Q -2.02813 -2.48894 -1.48227 -2.12817 -2.16613 -0.01414 -2.26965
145 P-E-K-E-D-Q-E-E-E-N-Q-G-G-K-G -1.37895 -1.29748 -1.15837 -1.43399 -1.57587 -0.34633 -1.7935
146 D-Q-E-E-E-N-Q-G-G-K-G-P-L-L-S -1.94893 -1.87866 -1.67339 -1.94198 | -1.84066 -0.21488 -2.1844
147 E-N-Q-G-G-K-G-P-L-L-S-I-L-K-A -2.61285 -2.91023 -2.471 -3.03415 -3.09521 -0.77711 -3.30461
148 Q-G-G-K-G-P-L-L-S-I-L-K-A-F-N -1.60418 -1.7631 -1.47978 -2.18875 -1.87553 -0.31158 -2.13019
m (blanks) 12537.95 | 10771.03 | 12268.53 | 14071.12 | 13118.96 | 11883.05 | 11332.93
s (blanks) 353.6775 | 354.0388 | 363.7228 | 459.9209 | 431.5639 | 526.1645 | 436.8518

Table A6: Calculated Z-scores of Ara h 1 peptides of controls and derived maximum Z-score.
The calculated Z-scores of every peptide of Ara h 1 for each controand the maximum Z-score (Max.) of the controls

are listed. Numbers written behind control sera represent the respective developedX-ray film.

Control No. - N1 N_2 N_3 DLabZlSl_ DLab27181_ DLab;lSl_ Max.
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score Z-score
1 K-S-S-P-Y-Q-K-K-T-E-N-P-C-A-Q 1.070546 | 0.580083 | 2.082704 | 0.059552 | -0.05839 1.68182 2.082704
2 Y-Q-K-K-T-E-N-P-C-A-Q-R-C-L-Q 1.334444 | 0.563629 | 1.858645 | 0.212815 | 0.017896 | 1.723178 | 1.858645
3 T-E-N-P-C-A-Q-R-C-L-Q-S-C-Q-Q 1.981947 | 0.584197 | 1.996702 | 0.901739 | -0.01071 2.168927 | 2.168927
4 C-A-Q-R-C-L-Q-S-C-Q-Q-E-P-D-D 1.190252 | 0.376458 | 1.654955 -0.26518 -0.15185 1.461243 1.654955
5 C-L-Q-S-C-Q-Q-E-P-D-D-L-K-Q-K 1.462312 | 0.701436 | 2.195865 | 0.516306 | -0.01834 1.913885 | 2.195865
6 C-Q-Q-E-P-D-D-L-K-Q-K-A-C-E-S 0.287013 | 0.503981 | 2.200392 | -0.27732 -0.06793 | 0.838574 | 2.200392
7 P-D-D-L-K-Q-K-A-C-E-S-R-C-T-K 0.586279 | 0.765197 | 1.770379 -0.13316 -0.17473 1.116592 1.770379
8 K-Q-K-A-C-E-S-R-C-T-K-L-E-Y-D 1.350768 | 0.650015 | 1.937858 0.540585 0.206712 1.801299 1.937858
9 C-E-S-R-C-T-K-L-E-Y-D-P-R-C-V 1.290914 | 0.222197 | 1.428632 0.481404 -0.1137 1.309597 1.428632
10 C-T-K-L-E-Y-D-P-R-C-V-Y-D-P-R 1.323562 | 0.273617 | 1.924278 | 0.508718 -0.04886 1.54396 1.924278
11 E-Y-D-P-R-C-V-Y-D-P-R-G-H-T-G 0.371351 | 0.263333 | 1.233995 | 0.422224 -0.20716 1.072936 1.233995
12 R-C-V-Y-D-P-R-G-H-T-G-T-T-N-Q 2.349228 | 0.275674 1.75001 0.38884 -0.22051 0.742071 2.349228
13 D-P-R-G-H-T-G-T-T-N-Q-R-S-P-P 1.535768 | 0.724061 | 1.512371 1.102043 -0.09082 1.465839 1.535768
14 H-T-G-T-T-N-Q-R-S-P-P-G-E-R-T 1.122237 | 0.563629 | 1.591584 | 0.683226 0.021711 0.944267 1.591584
15 T-N-Q-R-S-P-P-G-E-R-T-R-G-R-Q 2.648494 | 0.861868 | 2.075914 1.457128 0.086556 1.872527 2.648494
16 S-P-P-G-E-R-T-R-G-R-Q-P-G-D-Y 2.259448 | 0.724061 | 1.295102 0.672604 0.212433 0.900611 2.259448
17 E-R-T-R-G-R-Q-P-G-D-Y-D-D-D-R 1.628269 | 0.818674 | 1.000883 | 0.985199 | 0.485167 | 1.155653 | 1.628269
18 G-R-Q-P-G-D-Y-D-D-D-R-R-Q-P-R 2.667538 | 1.244436 | 2.827305 2.099011 0.925735 2.649141 2.827305
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19 G-D-Y-D-D-D-R-R-Q-P-R-R-E-E-G 2.683862 | 1.546789 4.73973 1.939678 1.043983 4.069105 4.73973
20 D-D-R-R-Q-P-R-R-E-E-G-G-R-W-G 0.986207 | 1.371959 | 2.852201 -0.13772 0.797951 3.104081 | 3.104081
21 Q-P-R-R-E-E-G-G-R-W-G-P-A-G-P 0.869221 1.2033 3.189421 0.38277 0.456558 3.395886 | 3.395886
22 E-E-G-G-R-W-G-P-A-G-P-R-E-R-E 1.990109 | 0.728174 | 2.734513 | 0.951815 | 0.410785 | 2.761728 | 2.761728
23 R-W-G-P-A-G-P-R-E-R-E-R-E-E-D 1.195693 | 0.62122 | 2.112126 | 0.469265 | 0.391712 | 2.132165 | 2.132165
24 A-G-P-R-E-R-E-R-E-E-D-W-R-Q-P 1.709887 | 0.528663 | 3.522115 1.275033 0.136144 2.922565 | 3.522115
25 E-R-E-R-E-E-D-W-R-Q-P-R-E-D-W 0.825692 | 0.431992 | 1.901646 | 0.012511 | -0.02406 | 1.603699 | 1.901646
26 E-E-D-W-R-Q-P-R-E-D-W-R-R-P-S 0.967163 | 0.345606 | 1.575742 -0.23332 0.006453 2.2953 2.2953

27 R-Q-P-R-E-D-W-R-R-P-5-H-Q-Q-P 0.569955 | 0.512208 | 1.969543 | 0.276548 | -0.0069 | 1.904695 | 1.969543
28 E-D-W-R-R-P-S-H-Q-Q-P-R-K-I-R 0.915472 | 0.497811 | 1.611953 | 0.064104 -0.12705 1.580723 1.611953
29 R-P-S-H-Q-Q-P-R-K-I-R-P-E-G-R 1.538489 | 0.345606 | 1.933331 | 0.190053 -0.05076 1.25675 1.933331
30 Q-Q-P-RK--R-P-E-G-R-E-G-E-Q 0.959001 | 0.549231 | 1.768116 | 1.007961 | 0.046505 | 1504899 | 1.768116
31 K-I-R-P-E-G-R-E-G-E-Q-E-W-G-T 1.775181 0.85364 2.213971 | 1.337249 -0.12133 2.325169 | 2.325169
32 E-G-R-E-G-E-Q-E-W-G-T-P-G-S-H 0.414881 | 0.549231 | 1.215889 | -0.04667 | -0.1404 | 1.08902 | 1.215889
33 G-E-Q-E-W-G-T-P-G-S-H-V-R-E-E 1.323562 | 0.736402 | 1.747747 -0.02846 -0.05839 1.867932 1.867932
34 W-G-T-P-G-S-H-V-R-E-E-T-S-R-N 0.303336 | 0.092617 | 1.424106 | 0.736337 | -0.43602 | 1.254453 | 1.424106
35 G-S-H-V-R-E-E-T-S-R-N-N-P-F-Y 0.689662 | 0.201628 | 0.754191 | 0.498096 | -0.22814 | 0.691522 | 0.754191
36 R-E-E-T-S-R-N-N-P-F-Y-F-P-S-R 1.992829 | 0.450504 2.03065 1.478372 0.174289 1.236071 2.03065
37 S-R-N-N-P-F-Y-F-P-S-R-R-F-S-T 5.400904 | 1.773039 | 4502092 | 3.373673 | 0.710219 | 2.196499 | 5.409904
38 P-F-Y-F-P-S-R-R-F-S-T-R-Y-G-N 6.457335 | 1.038754 | 3.092103 1.894154 0.344032 1.71169 6.457335
39 P-S-R-R-F-S-T-R-Y-G-N-Q-N-G-R 2.784524 | 0.839243 | 3.442902 | 1542105 | 054429 | 2.134462 | 3.442902
40 F-S-T-R-Y-G-N-Q-N-G-R-I-R-V-L 7.129323 | 151388 | 4.196556 | 3.109635 | 0.830374 | 3.25343 | 7.129323
41 Y-G-N-Q-N-G-R-I-R-V-L-Q-R-F-D 5.894171 | 1.275289 2.78883 2.126325 0.710219 2.607783 | 5.894171
42 N-G-R-I-R-V-L-Q-R-F-D-Q-R-S-R 3.287835 | 1.828573 | 2.739039 | 1.883532 | 0.464187 | 1.849551 | 3.287835
43 R-V-L-Q-R-F-D-Q-R-S-R-Q-F-Q-N 0.450249 | 1.287629 | 3.182632 | 0.381252 1.22517 4.098974 | 4.098974
44 R-F-D-Q-R-S-R-Q-F-Q-N-L-Q-N-H 1.818711 | 1102516 | 3.698647 | 0.778825 | 0.813209 | 3.326956 | 3.698647
45 R-S-R-Q-F-Q-N-L-Q-N-H-R-1-V-Q 2.542391 | 1.232095 | 3.612644 | 2.479892 | 0.981045 | 5.038724 | 5.038724
46 F-Q-N-L-Q-N-H-R-I-V-Q-I-E-A-K 5.388139 | 0.617106 | 3.157736 | 2.79097 | 0.490888 | 3.726751 | 5.388139
47 Q-N-H-R-1-V-Q-I-E-A-K-P-N-T-L 0.929075 0.39497 1.96728 0.135425 0.227691 2.251644 | 2.251644
48 I-V-Q-I-E-A-K-P-N-T-L-V-L-P-K 3.089231 | 0.425822 | 3.101155 1.794002 0.326867 2.823765 | 3.101155
49 E-A-K-P-N-T-L-V-L-P-K-H-A-D-A 1.36165 0.538947 | 2.562508 | 0.757581 0.191454 2.676714 | 2.676714
50 N-T-L-V-L-P-K-H-A-D-A-D-N-I-L 1.144002 | 0.586254 | 1.697956 | 0.300827 0.126608 2.074723 | 2.074723
51 L-P-K-H-A-D-A-D-N-I-L-V--Q-Q 3.480998 | 0.62122 | 2.809199 | 2.795522 | 0.347846 | 3.232751 | 3.480998
52 A-D-A-D-N-I-L-V-1-Q-Q-G-Q-A-T 4.514826 | 0.499867 | 2.404082 | 2.109633 | 0.349754 | 2.633058 | 4.514826
53 N-I-L-V-1-Q-Q-G-Q-A-T-V-T-V-A 2.575038 | 0.518379 | 2.118916 | 0.678673 | 0.557641 | 2.336658 | 2.575038
54 1-Q-Q-G-Q-A-T-V-T-V-A-N-G-N-N 3.102834 | 0.62739 | 2.485558 | 1.435883 | 0.094185 | 2.139058 | 3.102834
55 Q-A-T-V-T-V-A-N-G-N-N-R-K-S-F 5.170491 | 0.806334 | 4.404773 2.71358 0.361197 5.443114 | 5.443114
56 T-V-A-N-G-N-N-R-K-S-F-N-L-D-E 2.732833 | 0.508095 | 2.218498 | 2.162744 0.263928 2.099997 | 2.732833
57 G-N-N-R-K-S-F-N-L-D-E-G-H-A-L 3.908132 | 0573913 | 2.17097 | 1.862288 | 0471816 | 5.323635 | 5.323635
58 K-S-F-N-L-D-E-G-H-A-L-R-I-P-S 0.572676 | 0.119356 | 1.297365 | 0.520858 -0.09654 1.709392 1.709392
59 L-D-E-G-H-A-L-R-I-P-S-G-F-I-S 0.746794 | 0.347663 1.18873 0.02465 -0.20716 0.542173 1.18873
60 H-A-L-R-I-P-S-G-F-I-S-Y-I-L-N 0.746794 | 0.619163 | 1.654955 | 1.149084 0.014082 1.491113 1.654955
61 |-P-S-G-F-I-S-Y-I-L-N-R-H-D-N 3.170849 | 0.512208 1.89712 1.058037 0.187639 0.969541 | 3.170849
62 F-I-S-Y-I-L-N-R-H-D-N-Q-N-L-R 5.140564 | 0.880379 | 2.684722 | 2.501136 | 0.20099 | 1.647355 | 5.140564
63 I-L-N-R-H-D-N-Q-N-L-R-V-A-K-I 4.604606 | 0.652072 | 2.152864 | 1.936643 0.246763 3.478602 | 4.604606
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64 H-D-N-Q-N-L-R-V-A-K-I-S-M-P-V 3.875485 | 0.979106 | 2.487821 | 2.668056 0.540476 3.005281 | 3.875485
65 N-L-R-V-A-K-1-S-M-P-V-N-T-P-G 1.930256 | 0.645902 1.89033 1.305382 0.481352 1.693309 | 1.930256
66 A-K-I-S-M-P-V-N-T-P-G-Q-F-E-D 3.674161 | 1.388414 | 3.144157 | 2.006446 0.832281 2.764025 | 3.674161
67 M-P-V-N-T-P-G-Q-F-E-D-F-F-P-A 5.311962 | 1.489198 | 5.405119 | 3.699925 1.593264 6.327719 | 6.327719
68 T-P-G-Q-F-E-D-F-F-P-A-S-S-R-D 5.023578 | 1.256777 | 5.178796 | 2.786418 1.175582 5.374184 | 5.374184
69 F-E-D-F-F-P-A-S-S-R-D-Q-S-S-Y 7.006896 | 2.019857 | 5.280641 | 2.828906 2.594557 9.078036 | 9.078036
70 F-P-A-S-S-R-D-Q-S-S-Y-L-Q-G-F 4.427767 0.89889 3.368216 | 3.871398 0.50996 4.549319 | 4.549319
71 S-R-D-Q-S-S-Y-L-Q-G-F-S-R-N-T 2.322022 | 0.752856 2.24113 0.754546 0.18001 2.483709 | 2.483709
72 S-S-Y-L-Q-G-F-S-R-N-T-L-E-A-A 4.53115 0.884493 | 3.311635 2.54059 0.714034 4.234537 4.53115
73 Q-G-F-S-R-N-T-L-E-A-A-F-N-A-E 2.22136 | 0.378515 | 2.467452 0.78186 0.159031 2.143653 | 2.467452
74 R-N-T-L-E-A-A-F-N-A-E-F-N-E-I 1.884005 | 0.489583 1.89033 0.44195 0.138052 2.132165 | 2.132165
75 E-A-A-F-N-A-E-F-N-E-I-R-R-V-L 5.458875 | 1.049038 | 3.064944 | 2.097493 0.50996 2.20569 5.458875
76 N-A-E-F-N-E-I-R-R-V-L-L-E-E-N 4.520267 | 0.545117 | 2.759408 | 0.957885 0.216248 2.950137 | 4.520267
77 N-E-I-R-R-V-L-L-E-E-N-A-G-G-E 1.737093 | 0.707606 | 1.747747 | 1.989754 0.141866 1.863337 | 1.989754
78 R-V-L-L-E-E-N-A-G-G-E-Q-E-E-R 1.514004 | 0.631504 2.31129 1.561832 0.33831 2.695095 | 2.695095
79 E-E-N-A-G-G-E-Q-E-E-R-G-Q-R-R 2.433567 | 0.489583 | 2.118916 | 1.479889 0.267743 3.54983 3.54983
80 G-G-E-Q-E-E-R-G-Q-R-R-W-S-T-R 2.058124 | 0.384685 | 1.451264 | 0.156669 0.035061 2.019579 | 2.058124
81 E-E-R-G-Q-R-R-W-S-T-R-S-S-E-N 1.843196 | 0.364117 | 1.360735 | 0.534515 -0.10989 2.332062 | 2.332062
82 Q-R-R-W-S-T-R-S-S-E-N-N-E-G-V 0.221718 | 0.154322 | 1.623269 | 0.375182 -0.1404 1.68182 1.68182
83 S-T-R-S-S-E-N-N-E-G-V-I-V-K-V -0.5727 0.345606 0.56408 0.839524 -0.28345 0.356062 | 0.839524
84 S-E-N-N-E-G-V-I-V-K-V-S-K-E-H 0.197233 | 0.043253 | 0.822088 | 0.193088 -0.22432 0.333085 | 0.822088
85 E-G-V-I-V-K-V-S-K-E-H-V-E-E-L 0.175468 | 0.285958 | 1.482949 | 0.127837 0.094185 0.581234 | 1.482949
86 V-K-V-S-K-E-H-V-E-E-L-T-K-H-A 0.763118 | 0.590367 | 1.566689 | 0.575486 0.046505 1.236071 | 1.566689
87 K-E-H-V-E-E-L-T-K-H-A-K-S-V-S -0.06939 | 0.545117 | 1.068779 | 0.715092 -0.01643 0.788025 | 1.068779
88 E-E-L-T-K-H-A-K-S-V-S-K-K-G-S 4.346149 0.85364 2.772988 | 2.913884 0.864704 3.513067 | 4.346149
89 K-H-A-K-S-V-S-K-K-G-S-E-E-E-G 2.033638 | 0.715833 | 1.702482 1.05045 0.454651 1.169439 | 2.033638
90 S-V-S-K-K-G-S-E-E-E-G-D-I-T-N 1.835035 | 1.026413 | 1.503319 1.64074 0.382176 2.072425 | 2.072425
91 K-G-S-E-E-E-G-D-I-T-N-P-I-N-L 2.964084 | 1.415152 | 4.698992 | 1.930573 1.351047 6.532212 | 6.532212
92 E-E-G-D-I-T-N-P-I-N-L-R-E-G-E 3.429307 | 1.184788 | 3.594539 | 1.187021 1.167953 4.018556 | 4.018556
93 I-T-N-P-I-N-L-R-E-G-E-P-D-L-S 0.303336 | 0.913288 | 3.246002 0.21585 0.828467 2.931756 | 3.246002
94 I-N-L-R-E-G-E-P-D-L-S-N-N-F-G 6.968808 | 1.084004 3.77786 3.032245 0.89522 4.85491 6.968808
95 E-G-E-P-D-L-S-N-N-F-G-K-L-F-E 1.337165 | 0.551288 | 1.906173 | 0.133907 0.260114 1.851848 | 1.906173
96 D-L-S-N-N-F-G-K-L-F-E-V-K-P-D 1.571136 0.48547 2.560245 0.794 0.502332 3.368314 | 3.368314
97 N-F-G-K-L-F-E-V-K-P-D-K-K-N-P 0.784883 | 0.224253 | 1.426369 | 0.373665 0.036969 1.270536 | 1.426369
98 L-F-E-V-K-P-D-K-K-N-P-Q-L-Q-D 0.265248 | 0.349719 | 1.372051 | 0.176396 0.103721 1.323383 | 1.372051
99 K-P-D-K-K-N-P-Q-L-Q-D-L-D-M-M 0.452969 | 0.318867 | 1.713798 | 0.083831 0.164753 1.44516 1.713798
100 K-N-P-Q-L-Q-D-L-D-M-M-L-T-C-V 0.216277 | 0.304469 | 1.573478 -0.15593 -0.01643 1.036174 | 1.573478
101 L-Q-D-L-D-M-M-L-T-C-V-E-I-K-E 0.205395 0.31681 1.317734 | 0.177913 -0.07937 1.378527 | 1.378527
102 D-M-M-L-T-C-V-E-I-K-E-G-A-L-M -0.20814 | 0.658242 | 0.939775 -0.08764 0.092278 1.024685 | 1.024685
103 T-C-V-E-I-K-E-G-A-L-M-L-P-H-F -0.30336 | 0.335322 | 0.946565 -0.12406 0.006453 0.719094 | 0.946565
104 I-K-E-G-A-L-M-L-P-H-F-N-S-K-A 1.051502 | 0.306526 | 1.141202 0.30538 0.069391 0.95116 1.141202
105 A-L-M-L-P-H-F-N-S-K-A-M-V-I-V 0.403999 | 0.279788 | 0.616134 | 0.103558 0.025525 1.079829 | 1.079829
106 P-H-F-N-S-K-A-M-V-I-V-V-V-N-K -0.66248 | 0.133753 | 0.889985 | 0.003406 -0.15375 0.838574 | 0.889985
107 S-K-A-M-V-I-V-V-V-N-K-G-T-G-N 0.915472 | 0.121412 | 0.751928 | 0.674121 -0.26437 0.443373 | 0.915472
108 V-1-V-V-V-N-K-G-T-G-N-L-E-L-V 0.518264 | 0.047367 0.55729 0.297792 -0.05458 0.590425 | 0.590425
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109 V-N-K-G-T-G-N-L-E-L-V-A-V-R-K -0.05306 | 0.183117 0.55729 0.252269 -0.04123 0.994815 | 0.994815
110 T-G-N-L-E-L-V-A-V-R-K-E-Q-Q-Q 0.959001 | 0.370288 | 1.396947 | 0.577004 | 0.193361 | 0.689225 | 1.396947
111 E-L-V-A-V-R-K-E-Q-Q-Q-R-G-R-R 2.243125 | 0.594481 | 1.550846 | 2.130877 0.14568 1.417588 | 2.243125
112 V-R-K-E-Q-Q-Q-R-G-R-R-E-E-E-E 3.048422 | 0.736402 | 1.858645 | 1.982167 | 040697 | 2.612379 | 3.048422
113 Q-Q-Q-R-G-R-R-E-E-E-E-D-E-D-E 1772461 | 0.637674 | 2.014807 | 171206 | 0.607229 | 2.028769 | 2.028769
114 G-R-R-E-E-E-E-D-E-D-E-E-E-E-G 2.232242 | 0.773424 | 1.247574 | 1.017066 0.7579 2.102295 | 2.232242
115 E-E-E-D-E-D-E-E-E-E-G-S-N-R-E 3.821073 | 1.334936 | 4.843839 | 2.780348 | 1.705791 | 4.983579 | 4.983579
116 E-D-E-E-E-E-G-S-N-R-E-V-R-R-Y 3.660558 | 1.262948 | 3.859336 1.448023 1.232799 5.498259 | 5.498259
117 E-E-G-S-N-R-E-V-R-R-Y-T-A-R-L 3.774823 | 0.80839 | 5106373 | 2.432851 | 0.838003 | 3.924351 | 5.106373
118 N-R-E-V-R-R-Y-T-A-R-L-K-E-G-D 6.737557 | 0.826902 5.16069 3.516313 0.956251 6.750491 | 6.750491
119 R-R-Y-T-A-R-L-K-E-G-D-V-F-I-M 4.680783 | 0.524549 | 2.417661 1.780345 0.529033 2.566425 | 4.680783
120 A-R-L-K-E-G-D-V-F-I-M-P-A-A-H 0.374072 | 0514265 | 2.053282 | 0.095971 | 0.273465 | 1.895504 | 2.053282
121 E-G-D-V-F-I-M-P-A-A-H-P-V-A-I 0.684221 | 0.127583 | 1.537267 | 0.338764 0.134237 1.491113 1.537267
122 F-1-M-P-A-A-H-P-V-A-1-N-A-S-S -0.14012 | 0.300356 | 0.43055 | 0.161221 | -0.17664 | 1.066043 | 1.066043
123 A-A-H-P-V-A--N-A-S-S-E-L-H-L -0.33873 | 0.125526 | 0.659136 | 0.004924 | -0.03932 | 0.815597 | 0.815597
124 V-A-I-N-A-S-S-E-L-H-L-L-G-F-G 0.202674 | 0.032969 | 0.91488 | 0.6984 | -0.35211 | 1.47503 | 1.47503
125 A-S-S-E-L-H-L-L-G-F-G-I-N-A-E 1.260988 | 0.503981 | 2.254709 1.572454 0.170474 2.244751 | 2.254709
126 L-H-L-L-G-F-G-I-N-A-E-N-N-H-R 1.258267 | 0.510151 | 1.806591 1.28262 0.057948 1.511792 1.806591
127 G-F-G-I-N-A-E-N-N-H-R-I-F-L-A 1.494959 | 0.448447 | 1.894856 | 0.731784 0.128515 1.688713 1.894856
128 N-A-E-N-N-H-R-I-F-L-A-G-D-K-D 0.199954 | 0.102901 | 1.26568 | 0.696883 | -0.00499 | 1.360146 | 1.360146
129 N-H-R-I-F-L-A-G-D-K-D-N-V-I-D 1.010693 | 0.179003 | 1.535004 | 0.854698 | 0.023618 | 2.173523 | 2.173523
130 F-L-A-G-D-K-D-N-V-I-D-Q-I-E-K 1.002531 | 0.037083 | 1.541793 | 0.957885 | -0.15757 | 2.63076 | 2.63076
131 D-K-D-N-V-I-D-Q-I-E-K-Q-A-K-D 1.552092 | -0.06987 | 0.980514 | 1.227992 -0.17283 1.213095 1.552092
132 V-I-D-Q-I-E-K-Q-A-K-D-L-A-F-P 0.31966 -0.03696 | 0.441866 0.13239 -0.3254 0.195224 | 0.441866
133 I-E-K-Q-A-K-D-L-A-F-P-G-S-G-E 0.360469 | -0.09044 | 0.195174 | 0.139977 | -0.07556 | 0.569746 | 0.569746
134 A-K-D-L-A-F-P-G-S-G-E-Q-V-E-K 0.749515 | 0.207799 | 0.525605 0.53148 0.027432 0.746667 | 0.749515
135 A-F-P-G-S-G-E-Q-V-E-K-L-I-K-N 2.101653 | 0.335322 | 0.923933 1.21737 0.206712 1.635867 | 2.101653
136 S-G-E-Q-V-E-K-L-I-K-N-Q-K-E-S 1.756137 | 0.477242 | 0.946565 1.907811 0.241042 1.082127 1.907811
137 V-E-K-L-I-K-N-Q-K-E-S-H-F-V-S 2.205036 | 0.769311 | 1.315471 | 2.03983 | 0.464187 | 1.605997 | 2.205036
138 I-K-N-Q-K-E-S-H-F-V-S-A-R-P-Q 2.161507 | 0.796049 | 1.152519 1.722682 0.889498 1.11889 2.161507
139 K-E-S-H-F-V-S-A-R-P-Q-5-Q-5-Q 1.862241 | 09318 | 2.582877 | -0.04515 | 1106922 | 3.338444 | 3.338444
140 F-V-S-A-R-P-Q-S-Q-S-Q-S-P-S-S 1.18209 | 0.855697 | 2.671143 | 0.270478 | 0.979138 | 3.634844 | 3.634844
141 R-P-Q-S-Q-S-Q-S-P-S-S-P-E-K-E 9.352054 | 2.063051 | 4.855155 | 3.540593 1.494089 9.156157 | 9.352054
142 Q-5-Q-S-P-S-S-P-E-K-E-S-P-E-K 2.379155 | 0.516322 | 2.415398 | 1.581559 | 0.54429 | 4.296575 | 4.296575
143 P-S-S-P-E-K-E-S-P-E-K-E-D-Q-E 2.90151 | 0.49164 | 2.322606 | 0.502649 | 0.361197 | 2.706583 | 2.90151
144 E-K-E-S-P-E-K-E-D-Q-E-E-E-N-Q 1.222899 | 0.36206 | 1.765853 | 0.71054 | 0.244856 | 2.214881 | 2.214881
145 P-E-K-E-D-Q-E-E-E-N-Q-G-G-K-G 0.472014 | 0.133753 | 1.541793 | 0.323589 | 0.014082 | 1.596806 | 1.596806
146 D-Q-E-E-E-N-Q-G-G-K-G-P-L-L-S 0.349587 | 0.382629 | 1.661744 | 0.393392 0.29063 2.06783 2.06783
147 E-N-Q-G-G-K-G-P-L-L-S-I-L-K-A 3.192614 | 0.493697 | 1.786222 1.80159 0.237227 2.66063 3.192614
148 Q-G-G-K-G-P-L-L-S-I-L-K-A-F-N 1.209296 | 0.343549 | 2.118916 | 0.828901 0.172382 1.932267 | 2.118916
m (blanks) 13069.5 12623.97 | 12097.76 12973.76 11876.62 12228.03
s (blanks) 367.5659 | 486.1874 | 441.8473 | 658.9983 524.322 435.2225
Appendix 215



Table A7: Calculated Z-scores of Ara h 1 IgE inhibition experiments.

The calculated Z-scores of serum pool 1 (peanut patients 10, 12, 18 and21) and serum pool 2 (peanut patients 6,
15, 17, 23) inhibited (+) and uninhibited (-) are listed. For inhibition 20 .5 pg rAra h 1 was preincubated with both
serum pools. As references, uninhibited serum pools preincubated with proteinbuffer without rAra h 1 were used.

Identified candidate diagnostic peptides are highlighted in light blue.

IgE inhibition experiment : Pool 1 - Pool 1 + Pool 2- Pool 2 +
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score
1 K-S-S-P-Y-Q-K-K-T-E-N-P-C-A-Q 3.201425 16.39898 1.118071 3.6101
2 Y-Q-K-K-T-E-N-P-C-A-Q-R-C-L-Q 3.004696 19.31349 0.345692 4.680069
3 T-E-N-P-C-A-Q-R-C-L-Q-S-C-Q-Q 12.18876 27.99487 0.491081 6.82209
4 C-A-Q-R-C-L-Q-S-C-Q-Q-E-P-D-D 3.406185 23.16972 1.530006 7.033583
5 C-L-Q-S-C-Q-Q-E-P-D-D-L-K-Q-K 2.775847 32.46468 1.414906 5.005123
6 C-Q-Q-E-P-D-D-L-K-Q-K-A-C-E-S 0.912937 9.100103 0.385068 1.082599
7 P-D-D-L-K-Q-K-A-C-E-S-R-C-T-K 2.950495 14.35437 0.860611 4.540462
8 K-Q-K-A-C-E-S-R-C-T-K-L-E-Y-D 2.029077 23.77553 1.193794 7.9952
9 C-E-S-R-C-T-K-L-E-Y-D-P-R-C-V 1.806251 22.37168 0.669788 4.580052
10 C-T-K-L-E-Y-D-P-R-C-V-Y-D-P-R 2.017032 23.0804 0.357808 1.781673
11 E-Y-D-P-R-C-V-Y-D-P-R-G-H-T-G 1.583424 13.22041 0.600122 1.968162
12 R-C-V-Y-D-P-R-G-H-T-G-T-T-N-Q 1.980898 15.19707 0.845466 2.563052
13 D-P-R-G-H-T-G-T-T-N-Q-R-S-P-P 0.939034 14.91164 0.575891 2.592224
14 H-T-G-T-T-N-Q-R-S-P-P-G-E-R-T 1.573387 11.88645 0.981769 1.791049
15 T-N-Q-R-S-P-P-G-E-R-T-R-G-R-Q 7.278548 18.35817 1.629961 3.709075
16 S-P-P-G-E-R-T-R-G-R-Q-P-G-D-Y 69.67598 20.86103 11.47703 4.894688
17 E-R-T-R-G-R-Q-P-G-D-Y-D-D-D-R 90.99506 26.06869 12.11311 4.538379
18 G-R-Q-P-G-D-Y-D-D-D-R-R-Q-P-R 61.25073 12.83401 2.011607 5.382268
19 G-D-Y-D-D-D-R-R-Q-P-R-R-E-E-G 5.760919 33.8763 1.224083 3.753874
20 D-D-R-R-Q-P-R-R-E-E-G-G-R-W-G 9.615215 33.33456 0.966624 3.652816
21 Q-P-R-R-E-E-G-G-R-W-G-P-A-G-P 15.21398 40.74995 2.387195 5.582301
22 E-E-G-G-R-W-G-P-A-G-P-R-E-R-E 11.97396 28.45117 1.77535 3.637188
23 R-W-G-P-A-G-P-R-E-R-E-R-E-E-D 3.990352 26.67645 0.80609 3.573636
24 A-G-P-R-E-R-E-R-E-E-D-W-R-Q-P 4.797345 42.96252 2.072186 6.035501
25 E-R-E-R-E-E-D-W-R-Q-P-R-E-D-W 3.633026 29.95599 2.753696 5.488536
26 E-E-D-W-R-Q-P-R-E-D-W-R-R-P-S 7.629851 28.00263 3.874403 6.090719
27 R-Q-P-R-E-D-W-R-R-P-S-H-Q-Q-P 11.23924 34.16756 4.374177 9.142265
28 E-D-W-R-R-P-S-H-Q-Q-P-R-K-I-R 22.73187 33.66271 3.695696 6.788751
29 R-P-S-H-Q-Q-P-R-K-I-R-P-E-G-R 39.80118 32.43167 4.240904 5.548963
30 Q-Q-P-R-K-I-R-P-E-G-R-E-G-E-Q 13.61605 36.15101 3.041445 4.726952
31 K-I-R-P-E-G-R-E-G-E-Q-E-W-G-T 8.03937 34.48017 1.218026 5.280168
32 E-G-R-E-G-E-Q-E-W-G-T-P-G-S-H 4.843516 25.42016 0.83638 3.067302
33 G-E-Q-E-W-G-T-P-G-S-H-V-R-E-E 3.450349 26.70169 1.420964 4.702989
34 W-G-T-P-G-S-H-V-R-E-E-T-S-R-N 2.723653 26.77159 0.569833 3.004792
35 G-S-H-V-R-E-E-T-S-R-N-N-P-F-Y 0.896878 18.64748 0.369923 4.644646
36 R-E-E-T-S-R-N-N-P-F-Y-F-P-S-R 3.741428 30.16958 2.308443 7.80246
37 S-R-N-N-P-F-Y-F-P-S-R-R-F-S-T 3.719346 30.28705 2.605278 7.304461
38 P-F-Y-F-P-S-R-R-F-S-T-R-Y-G-N 2.155546 37.53157 1.854102 8.224405
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39 P-S-R-R-F-S-T-R-Y-G-N-Q-N-G-R 3.01674 27.7871 2.305414 7.839966
40 F-S-T-R-Y-G-N-Q-N-G-R-I-R-V-L 5.353407 34.82482 2.617394 11.68227
41 Y-G-N-Q-N-G-R-I-R-V-L-Q-R-F-D 4.644779 31.5744 2.047954 8.143142
42 N-G-R-I-R-V-L-Q-R-F-D-Q-R-S-R 2.998673 16.42034 1.929826 4.236245
43 R-V-L-Q-R-F-D-Q-R-S-R-Q-F-Q-N 5.301214 4458288 1.296778 6.030292
44 R-F-D-Q-R-S-R-Q-F-Q-N-L-Q-N-H 11.44801 50.66528 1.230141 7.441984
45 R-S-R-Q-F-Q-N-L-Q-N-H-R-1-V-Q 4.080687 59.62141 1.678424 12.90226
46 F-Q-N-L-Q-N-H-R-I-V-Q-I-E-A-K 3.241574 61.86894 1.554238 4.495663
47 Q-N-H-R-1-V-Q-I-E-A-K-P-N-T-L 3.064919 39.12668 1.009029 8.996408
48 1-V-Q-I-E-A-K-P-N-T-L-V-L-P-K 7.368883 53.94483 2.414455 8.162937
49 E-A-K-P-N-T-L-V-L-P-K-H-A-D-A 10.11908 36.75391 2.393253 7.493034
50 N-T-L-V-L-P-K-H-A-D-A-D-N-I-L 4.729092 39.96161 2.102475 11.7927
51 L-P-K-H-A-D-A-D-N-I-L-V-I-Q-Q 5.110506 47.58573 2.166083 9.502741
52 A-D-A-D-N-I-L-V--Q-Q-G-Q-A-T 4.185074 48.48668 2.920288 15.91734
53 N--L-V-1-Q-Q-G-Q-A-T-V-T-V-A 3.594885 50.24199 2.069157 10.09138
54 1-Q-Q-G-Q-A-T-V-T-V-A-N-G-N-N 3.141202 60.37965 1.772321 17.75411
55 Q-A-T-V-T-V-A-N-G-N-N-R-K-S-F 3.484475 68.75909 2.705233 18.54486
56 T-V-A-N-G-N-N-R-K-S-F-N-L-D-E 5.285154 47.24011 2.920288 9.930937
57 G-N-N-R-K-S-F-N-L-D-E-G-H-A-L 4.072657 66.40768 2.590134 17.93955
58 K-S-F-N-L-D-E-G-H-A-L-R-I-P-S 3.20544 38.01602 1.848044 10.13722
59 L-D-E-G-H-A-L-R-I-P-S-G-F-I-S 0.740297 21.51344 0.615267 8.335882
60 H-A-L-R-I-P-S-G-F-I-S-Y-I-L-N 2.761795 30.74821 2.108533 14.3077
61 I-P-5-G-F-I-S-Y-I-L-N-R-H-D-N 2.085286 29.80454 2.668886 9.028705
62 F-I-S-Y-I-L-N-R-H-D-N-Q-N-L-R 2.087293 38.44611 1.91771 12.9033
63 I-L-N-R-H-D-N-Q-N-L-R-V-A-K-| 3.859868 34.21707 3.032359 16.25282
64 H-D-N-Q-N-L-R-V-A-K-I-S-M-P-V 2.797929 40.30433 1.969202 14.16705
65 N-L-R-V-A-K-I-S-M-P-V-N-T-P-G 1.950787 26.37354 1.996462 5.267666
66 AK-I-S-M-P-V-N-T-P-G-Q-F-E-D 2.326179 32.81321 2.450803 3.161068
67 M-P-V-N-T-P-G-Q-F-E-D-F-F-P-A 4.446042 60.45537 2.553787 17.99008
68 T-P-G-Q-F-E-D-F-F-P-A-S-S-R-D 10.91604 70.16294 2.478063 20.72387
69 F-E-D-F-F-P-A-S-S-R-D-Q-S-S-Y 6.475569 82.78211 2.917259 25.04594
70 F-P-A-S-S-R-D-Q-S-S-Y-L-Q-G-F 7.714163 55.39819 3.156545 8.778663
71 S-R-D-Q-S-S-Y-L-Q-G-F-S-R-N-T 14.46922 48.81095 2.138822 11.41347
72 S-S-Y-L-Q-G-F-S-R-N-T-L-E-A-A 40.57806 53.58367 2.272095 8.23274
73 Q-G-F-S-R-N-T-L-E-A-A-F-N-A-E 9.761758 37.38601 3.032359 8.032707
74 R-N-T-L-E-A-A-F-N-A-E-F-N-E-I 5.809097 43.06058 2.97178 11.48953
75 E-A-A-F-N-A-E-F-N-E-I-R-R-V-L 22.75997 52.10117 52.19503 13.47111
76 N-A-E-F-N-E-I-R-R-V-L-L-E-E-N 3.436297 45.73917 3.459439 8.626555
77 N-E-I-R-R-V-L-L-E-E-N-A-G-G-E 2.438596 44.9586 1.420964 12.88663
78 R-V-L-L-E-E-N-A-G-G-E-Q-E-E-R 2.834063 45.45179 1.947999 11.85417
79 E-E-N-A-G-G-E-Q-E-E-R-G-Q-R-R 6.19252 54.52248 9.126579 14.15455
80 G-G-E-Q-E-E-R-G-Q-R-R-W-S-T-R 4.96597 46.0945 2.705233 11.57183
81 E-E-R-G-Q-R-R-W-S-T-R-S-S-E-N 3.544699 58.4127 1.881363 9.089131
82 Q-R-R-W-S-T-R-S-S-E-N-N-E-G-V 2.906331 44.60521 1.445196 7.662854
83 S-T-R-S-S-E-N-N-E-G-V-I-V-K-V 0.991228 13.22429 0.006451 1.822305
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84 S-E-N-N-E-G-V-I-V-K-V-S-K-E-H 0.585724 16.3252 0.981769 3.416318
85 E-G-V-1-V-K-V-S-K-E-H-V-E-E-L 2.498819 28.42398 2.081272 6.987742
86 V-K-V-S-K-E-H-V-E-E-L-T-K-H-A 60.2972 23.90174 1.557266 9.595465
87 K-E-H-V-E-E-L-T-K-H-A-K-S-V-S 2.534953 28.83951 1.708713 8.038958
88 E-E-L-T-K-H-A-K-S-V-S-K-K-G-S 3.847823 43.12757 3.311021 13.67114
89 K-H-A-K-S-V-S-K-K-G-S-E-E-E-G 2.013017 31.41907 1.754147 8.847425
90 S-V-S-K-K-G-S-E-E-E-G-D-I-T-N 2.442611 23.27263 1.884392 8.42548
91 K-G-S-E-E-E-G-D-I-T-N-P-I-N-L 15.26417 53.5293 3.1414 7.682649
92 E-E-G-D-I-T-N-P-I-N-L-R-E-G-E 20.33297 52.64388 5.264685 11.5187
93 I-T-N-P-I-N-L-R-E-G-E-P-D-L-S 5.907462 43.25863 2.038867 8.325463
94 I-N-L-R-E-G-E-P-D-L-S-N-N-F-G 4.014441 67.38824 2.750667 12.95019
95 E-G-E-P-D-L-S-N-N-F-G-K-L-F-E 3.77957 30.50938 1.184707 5.800046
96 D-L-S-N-N-F-G-K-L-F-E-V-K-P-D 9.223763 42.11885 5.061746 8.6974

97 N-F-G-K-L-F-E-V-K-P-D-K-K-N-P 62.96108 36.97527 49.20547 8.225447
98 L-F-E-V-K-P-D-K-K-N-P-Q-L-Q-D 5.829172 40.54218 2.438687 9.619427
99 K-P-D-K-K-N-P-Q-L-Q-D-L-D-M-M 3.293768 44.71492 2.175169 8.276497
100 K-N-P-Q-L-Q-D-L-D-M-M-L-T-C-V 6.612076 41.71498 2.414455 8.607802
101 L-Q-D-L-D-M-M-L-T-C-V-E-I-K-E 3.645071 42.80136 1.851073 8.528622
102 D-M-M-L-T-C-V-E-I-K-E-G-A-L-M 4.468124 31.77537 1.896507 6.232409
103 T-C-V-E-I-K-E-G-A-L-M-L-P-H-F 1.764094 23.70952 0.727338 4.457115
104 I-K-E-G-A-L-M-L-P-H-F-N-S-K-A 3.528639 40.1752 1.857131 8.824504
105 A-L-M-L-P-H-F-N-S-K-A-M-V-|-V 3.482468 24.14834 1.260431 4.309174
106 P-H-F-N-S-K-A-M-V-I-V-V-V-N-K 2.587147 25.85122 1.039318 3.880978
107 S-K-A-M-V-I-V-V-V-N-K-G-T-G-N 1.689819 11.05152 0.024625 1.803551
108 V-1-V-V-V-N-K-G-T-G-N-L-E-L-V 2.424544 21.60665 1.505775 5.404147
109 V-N-K-G-T-G-N-L-E-L-V-A-V-R-K 2.119412 24.70561 1.611787 7.822255
110 T-G-N-L-E-L-V-A-V-R-K-E-Q-Q-Q 4.652809 31.23558 2.123678 7.431566
111 E-L-V-A-V-R-K-E-Q-Q-Q-R-G-R-R 3.974292 34.31707 2.468976 13.53987
112 V-R-K-E-Q-Q-Q-R-G-R-R-E-E-E-E 3.396148 29.36377 2.68706 7.476365
113 Q-Q-Q-R-G-R-R-E-E-E-E-D-E-D-E 2.488782 25.05124 2.484121 9.695482
114 G-R-R-E-E-E-E-D-E-D-E-E-E-E-G 1.679781 22.40663 2.335703 5.356222
115 E-E-E-D-E-D-E-E-E-E-G-S-N-R-E 4.670876 58.0962 2.45989 4.14248
116 E-D-E-E-E-E-G-S-N-R-E-V-R-R-Y 7.172153 60.87575 3.117169 8.570296
117 E-E-G-S-N-R-E-V-R-R-Y-T-A-R-L 8.173869 67.4795 3.365542 13.25961
118 N-R-E-V-R-R-Y-T-A-R-L-K-E-G-D 6.52977 61.5903 2.132764 12.25736
119 R-R-Y-T-A-R-L-K-E-G-D-V-F-I-M 4.273401 45.4916 1.678424 11.29054
120 A-R-L-K-E-G-D-V-F-I-M-P-A-A-H 19.09839 41.4276 1.417935 8.031665
121 E-G-D-V-F-I-M-P-A-A-H-P-V-A-| 15.73391 34.54813 2.820333 6.184484
122 F-1-M-P-A-A-H-P-V-A-1-N-A-S-S 8.13372 13.26895 1.287691 1.745208
123 A-A-H-P-V-A-I-N-A-S-S-E-L-H-L 10.34994 18.10575 1.381588 2.301551
124 V-A-I-N-A-S-S-E-L-H-L-L-G-F-G 48.96416 38.79465 2.362964 5.432277
125 A-S-S-E-L-H-L-L-G-F-G-I-N-A-E 44.57589 69.1785 2.290269 12.55846
126 L-H-L-L-G-F-G-I-N-A-E-N-N-H-R 4.146932 38.46844 2.063099 9.510034
127 G-F-G-I-N-A-E-N-N-H-R-I-F-L-A 2.629303 48.80707 1.920739 7.930606
128 N-A-E-N-N-H-R-I-F-L-A-G-D-K-D 13.19851 35.38112 3.080822 5.777125
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129 N-H-R-I-F-L-A-G-D-K-D-N-V-I-D 5.06835 38.2432 3.556365 6.866889
130 F-L-A-G-D-K-D-N-V-I-D-Q-I-E-K 3.837786 43.46543 1.729916 12.16777
131 D-K-D-N-V-I-D-Q-I-E-K-Q-A-K-D 8.948743 31.83362 1.036289 7.908728
132 V-I-D-Q-I-E-K-Q-A-K-D-L-A-F-P 2.536961 21.63383 1.37553 5.570841
133 |-E-K-Q-A-K-D-L-A-F-P-G-S-G-E 3.400162 18.97563 1.554238 6.372015
134 A-K-D-L-A-F-P-G-S-G-E-Q-V-E-K 41.56371 22.05324 2.40234 7.693067
135 A-F-P-G-S-G-E-Q-V-E-K-L-I-K-N 4.849538 32.88506 2.620423 11.74582
136 S-G-E-Q-V-E-K-L-I-K-N-Q-K-E-S 2.56908 24.6726 2.590134 8.122305
137 V-E-K-L-1-K-N-Q-K-E-S-H-F-V-S 2.205732 24.22795 2.641626 6.721031
138 I-K-N-Q-K-E-S-H-F-V-S-A-R-P-Q 2.205732 23.72699 2.74461 7.035667
139 K-E-S-H-F-V-S-A-R-P-Q-S-Q-S-Q 5.682628 35.31705 1.390675 5.685443
140 F-V-S-A-R-P-Q-S-Q-S-Q-S-P-S-S 8.246137 43.15864 2.06007 7.543042
141 R-P-Q-S-Q-S-Q-S-P-S-S-P-E-K-E 5.69668 84.11218 3.347368 10.34246
142 Q-S-Q-S-P-S-S-P-E-K-E-S-P-E-K 6.754604 51.32352 1.293749 10.29246
143 P-S-S-P-E-K-E-S-P-E-K-E-D-Q-E 3.853845 4156741 1.790495 10.62793
144 E-K-E-S-P-E-K-E-D-Q-E-E-E-N-Q 2.713616 37.02187 1.314952 7.271122
145 P-E-K-E-D-Q-E-E-E-N-Q-G-G-K-G 1.886548 29.07446 1.069608 4.984286
146 D-Q-E-E-E-N-Q-G-G-K-G-P-L-L-S 4.438012 30.88607 1.551209 8.704693
147 E-N-Q-G-G-K-G-P-L-L-S-I-L-K-A 7.499367 47.12458 2.114591 14.44939
148 Q-G-G-K-G-P-L-L-S-I-L-K-A-F-N 4.815412 41.814 2.041896 9.341256

m (blanks) 10717.22 8541.352 19300.87 11504.88

s (blanks) 498.1455 515.0104 330.1489 959.8412
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7.1.5.2 Calculated Z-scores of Ara h 2 peptides

Table A8: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.
The calculated Zsoores of every peptide of Ara h 2.01_P and Ara h 2.01_Hyp for each panut-allergic patient
(patients 1-3) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 1 1 2 2 3 3
Ara h 2.01_P/Hyp P Hyp P Hyp P Hyp

Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -15.6093 -15.6093 -15.837 -15.837 -16.689 -16.689
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 24.88522 24.88522 -5.86766 -5.86766 59.0829 59.0829
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -4.87386 -4.87386 -6.21678 -6.21678 -6.30131 -6.30131
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.00265 -7.00265 -7.65226 -7.65226 -7.58173 -7.58173
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -5.60232 -5.60232 -6.02318 -6.02318 -6.28988 -6.28988
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -5.24843 -5.24843 -5.48072 -5.48072 -6.5791 -6.5791
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.85529 -7.85529 -8.39668 -8.39668 -8.74548 -8.74548
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -4.56223 -4.56223 -5.23503 -5.23503 -5.95913 -5.95913
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S -6.50438 50.45201 -7.37746 -8.63089 -6.59976 101.0125
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y -2.6656 67.35533 -4.75173 -7.3996 -4.14034 104.0379
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P 10.52902 78.46497 -5.61295 -6.20157 -5.15643 105.189
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R 24.89748 57.4557 -3.92433 -5.90315 -1.09104 66.18312
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 2.063132 69.57115 -5.03383 -5.31909 -3.06448 2.182899
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -6.5968 -2.46917 -8.52696 -5.31568 -7.2064 -4.87626
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.9879 -3.9879 -3.46818 -3.46818 -3.88176 -3.88176
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.72463 -6.72463 -6.81773 -6.81773 -6.73745 -6.73745
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.71527 -6.71527 -6.03765 -6.03765 -6.17534 -6.17534
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -3.90081 -3.90081 -3.53767 -3.53767 -3.70113 -3.70113
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -5.75533 -5.75533 -5.71415 -5.71415 -5.36392 -5.36392
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -3.08554 -3.08554 -2.63815 -2.63815 -3.23009 -3.23009
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.62827 -3.62827 -3.14614 -3.14614 -3.75113 -3.75113
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -2.80749 -2.80749 -2.71651 -2.71651 -3.13417 -3.13417
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -2.50519 -2.50519 -2.38013 -2.38013 -2.5867 -2.5867
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -1.95556 -1.95556 -2.7433 -2.7433 -3.26308 -3.26308
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -8.4171 -8.4171 -9.06065 -9.06065 -10.0842 -10.0842
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -6.36362 -6.36362 -7.90793 -7.90793 -8.20809 -8.20809
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -6.04957 -6.04957 -6.81515 -6.81515 -7.38515 -7.38515
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.0542 -10.0542 -10.4244 -10.4244 -10.7791 -10.7791
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.33437 -8.33437 -8.7882 -8.7882 -8.99561 -8.99561
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -6.11608 -6.11608 -6.06069 -6.06069 -6.95578 -6.95578
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -7.77094 -7.77094 -7.88059 -7.88059 -8.11028 -8.11028
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -5.04439 -5.04439 -5.53251 -5.53251 -5.79355 -5.79355

m (blanks) 9592.208333 10493.32271 8641.234136

s (blanks) 379.4304356 413.3282315 469.0740411
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Table A9: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 2.01_P and Ara 12.01_Hyp for each peanut-allergic patient

(patients 4-6) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 4 4 5 5 6 6
Ara h 2.01_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -16.034 -16.034 -17.0706 -17.0706 -15.8523 -15.8523
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -7.44156 -7.44156 -5.58058 -5.58058 51.91572 51.91572
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -6.27436 -6.27436 -7.41301 -7.41301 -2.94865 -2.94865
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -6.96289 -6.96289 -7.92274 -7.92274 -7.97566 -7.97566
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -4.33781 -4.33781 -6.42141 -6.42141 -6.42816 -6.42816
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -4.02306 -4.02306 -6.18127 -6.18127 -6.15366 -6.15366
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -3.79996 -3.79996 -8.71047 -8.71047 -9.03132 -9.03132
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -4.96707 -4.96707 -5.90369 -5.90369 -2.56747 -2.56747
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S -7.48847 -8.52555 -7.89264 -8.75144 55.90624 56.00539
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y -4.51986 -7.28309 -5.17681 -7.46052 59.01025 57.94627
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P -2.17419 -6.52974 -5.93918 -6.36355 58.36761 58.81588
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R -1.96642 -6.20248 -4.48643 -6.33512 58.98501 57.80829
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 0.831244 -5.17911 -5.25413 -5.21392 -1.06828 44.31241
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -4.77099 -5.16686 -8.96274 -5.1901 -7.61904 -3.80097
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.16531 -3.16531 -3.94346 -3.94346 -3.75623 -3.75623
16 A-G-S-5-Q-H-Q-E-R-C-C-N-E-L-N -4.1665 -4.1665 -7.01191 -7.01191 -6.75581 -6.75581
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -5.94676 -5.94676 -6.29549 -6.29549 -6.8409 -6.8409
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -3.12277 -3.12277 -3.8991 -3.8991 -4.19802 -4.19802
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -1.87359 -1.87359 -6.02505 -6.02505 -6.34557 -6.34557
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -2.47114 -2.47114 -3.03512 -3.03512 -3.817 -3.817
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.10827 -3.10827 -3.31852 -3.31852 -4.3667 -4.3667
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -2.73123 -2.73123 -3.07695 -3.07695 -4.17304 -4.17304
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -1.51882 -1.51882 -2.84764 -2.84764 -4.03821 -4.03821
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -2.82996 -2.82996 -3.02953 -3.02953 -4.09812 -4.09812
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -8.7023 -8.7023 -10.1329 -10.1329 -9.64301 -9.64301
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -7.77342 -7.77342 -8.39344 -8.39344 -7.14176 -7.14176
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -6.62425 -6.62425 -7.29984 -7.29984 -6.34687 -6.34687
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -9.94065 -9.94065 -11.2671 -11.2671 -10.8884 -10.8884
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -5.14938 -5.14938 -9.31585 -9.31585 -9.07486 -9.07486
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -3.84026 -3.84026 -7.39172 -7.39172 -7.49798 -7.49798
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -7.75516 -7.75516 -8.04786 -8.04786 -8.22812 -8.22812
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -5.35739 -5.35739 -5.80933 -5.80933 -5.94022 -5.94022
m (blanks) 9287.655706 10237.31141 10105.10092
s (blanks) 467.2674622 444.6433874 799.5560648

Appendix

221



Table A10: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.01_P and Ara [2.01_Hyp for each peanut-allergic patient
(patients 7-9) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 7 7 8 8 9 9
Ara h 2.01_P/Hyp =] Hyp P Hyp P Hyp

Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -14.4476 -14.4476 -15.9077 -15.9077 -17.2683 -17.2683
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 95.69471 95.69471 61.10624 61.10624 -8.33003 -8.33003
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 9.238021 9.238021 -3.8278 -3.8278 -7.47646 -7.47646
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.50257 -7.50257 -7.69436 -7.69436 -7.83942 -7.83942
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -6.38187 -6.38187 -6.09855 -6.09855 -6.13145 -6.13145
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -6.31751 -6.31751 -6.3266 -6.3266 -6.1345 -6.1345
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.90387 -7.90387 -9.27057 -9.27057 -8.72767 -8.72767
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -6.2985 -6.2985 -6.10366 -6.10366 -5.60088 -5.60088
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S -7.13438 102.8193 -1.61687 67.89819 -7.64128 -4.41413
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y 40.34229 105.6412 21.63283 70.01325 -5.03924 0.681385
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P 51.96222 106.1379 13.10152 71.14677 -5.91251 4.091164
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R 0.3607 100.4569 44.46546 70.47244 -1.89835 -0.52399
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -1.90809 47.56017 -1.74783 64.89771 -4.53255 0.801029
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -6.98664 -3.24033 -7.31896 -0.98894 -8.33918 -4.18569
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -2.82447 -2.82447 -4.04253 -4.04253 -3.92705 -3.92705
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.38536 -6.38536 -7.01856 -7.01856 -6.97447 -6.97447
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.44016 -6.44016 -6.72121 -6.72121 -6.48997 -6.48997
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -4.29073 -4.29073 -4.44403 -4.44403 -3.90429 -3.90429
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -6.24939 -6.24939 -6.53757 -6.53757 -5.92693 -5.92693
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -3.41191 -3.41191 -3.88966 -3.88966 -3.19863 -3.19863
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.92372 -3.92372 -4.32659 -4.32659 -3.79856 -3.79856
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -3.34883 -3.34883 -3.83497 -3.83497 -3.25885 -3.25885
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -2.84324 -2.84324 -3.80769 -3.80769 -2.73745 -2.73745
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -3.67502 -3.67502 -4.16047 -4.16047 -2.92809 -2.92809
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -8.2292 -8.2292 -9.46967 -9.46967 -9.78381 -9.78381
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -2.63336 -2.63336 -7.51587 -7.51587 -8.26953 -8.26953
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -6.89182 -6.89182 -7.12252 -7.12252 -7.24864 -7.24864
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.0466 -10.0466 -10.7588 -10.7588 -10.724 -10.724
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.5297 -8.5297 -8.68611 -8.68611 -8.56673 -8.56673
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -7.00544 -7.00544 -7.43377 -7.43377 -6.96476 -6.96476
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -8.06217 -8.06217 -8.1199 -8.1199 -8.00979 -8.00979
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -6.12965 -6.12965 -5.96241 -5.96241 -5.49849 -5.49849

m (blanks) 6735.093596 10444.14595 8851.646586

s (blanks) 479.5367787 668.9231327 450.4718604
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Table A11: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.01_P and Ara 12.01_Hyp for each peanut-allergic patient
(patients 10-12) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 10 10 11 11 12 12
Ara h 2.01_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q 34.90244 34.90244 -15.9818 -15.9818 -17.8098 -17.8098
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 77.86174 77.86174 -7.26357 -7.26357 13.83561 13.83561
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 53.44922 53.44922 -5.3545 -5.3545 -3.56168 -3.56168
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H 7.806267 7.806267 -6.64606 -6.64606 -8.54491 -8.54491
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K 3.38525 3.38525 -5.42017 -5.42017 -5.86026 -5.86026
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D 26.37885 26.37885 -4.61825 -4.61825 -6.34004 -6.34004
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y 2.068571 2.068571 -7.73704 -7.73704 -8.12188 -8.12188
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P 4.426784 4.426784 -4.51894 -4.51894 -4.22012 -4.22012
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S 76.40374 79.28816 -7.039 -8.72365 67.74573 69.60111
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y 80.25448 81.43362 -4.2905 -7.06556 71.11914 71.83692
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P 77.71787 82.48198 -5.50871 -5.85081 68.56887 72.73969
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R 81.59492 82.49334 -3.34859 -6.21098 66.0015 71.05328
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 60.24778 82.81043 -2.91201 -4.98538 -2.40095 62.6302
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q 29.58067 48.48469 -7.70878 -4.59509 -7.59642 -4.47731
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C 3.14076 3.14076 -2.73329 -2.73329 -4.04453 -4.04453
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -2.61696 -2.61696 -5.30176 -5.30176 -7.15365 -7.15365
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -1.25619 -1.25619 -5.6368 -5.6368 -6.99015 -6.99015
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C 1.889151 1.889151 -2.5663 -2.5663 -3.97514 -3.97514
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -1.04855 -1.04855 -4.3117 -4.3117 -6.11518 -6.11518
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q- 7.531052 7.531052 -1.80271 -1.80271 -3.2052 -3.2052
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q 2.154222 2.154222 -2.02491 -2.02491 -3.8255 -3.8255
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 5.984522 5.984522 -1.65396 -1.65396 -3.44586 -3.44586
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 15.79713 15.79713 -1.43365 -1.43365 -3.0482 -3.0482
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 65.87531 65.87531 -1.72775 -1.72775 -2.8405 -2.8405
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E 77.20752 77.20752 -9.6337 -9.6337 -9.67242 -9.67242
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L 78.60053 78.60053 -7.29348 -7.29348 -8.90514 -8.90514
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C 22.67847 22.67847 -6.33612 -6.33612 -8.29259 -8.29259
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A 5.618181 5.618181 -10.2303 -10.2303 -11.5797 -11.5797
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C 8.58615 8.58615 -6.90792 -6.90792 -9.54587 -9.54587
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -4.46196 -4.46196 -6.06212 -6.06212 -7.93377 -7.93377
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -2.61169 -2.61169 -7.20712 -7.20712 -8.57672 -8.57672
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y 1.861737 1.861737 -4.97037 -4.97037 -6.03808 -6.03808
m (blanks) 9362.16 8731.827506 10648.40678
s (blanks) 586.3116638 301.7226214 649.1258417
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Table A12: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.01_P and Ara [2.01_Hyp for each peanut-allergic patient
(patients 13-15) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 13 13 14 14 15 15
Ara h 2.01_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -14.7109 -14.7109 -14.3288 -14.3288 -17.7549 -17.7549
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -6.53269 -6.53269 -5.55297 -5.55297 -1.04593 -1.04593
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -5.32674 -5.32674 -5.67415 -5.67415 -6.20294 -6.20294
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -6.27821 -6.27821 -5.90228 -5.90228 -6.9653 -6.9653
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -4.49461 -4.49461 -4.52588 -4.52588 -6.44673 -6.44673
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -4.40416 -4.40416 -4.17412 -4.17412 -5.35961 -5.35961
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.26123 -7.26123 -6.38768 -6.38768 -9.64886 -9.64886
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -3.85701 -3.85701 -4.08935 -4.08935 -6.02544 -6.02544
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S -6.49767 -5.12675 -5.89138 -7.45829 46.71625 74.55703
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y -3.82701 -3.84307 -3.73324 -5.6671 64.10364 76.55486
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P -4.46734 -1.04848 -3.78522 -4.36366 57.78697 77.71325
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R -1.35417 -3.26083 -2.0679 -4.56282 50.54214 77.39425
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -2.42721 -3.5721 -2.66344 -3.22683 20.554 77.17393
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -5.97438 -4.0885 -7.10543 -3.92467 6.379057 9.471324
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -1.68813 -1.68813 -1.66895 -1.66895 -1.05645 -1.05645
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -4.68084 -4.68084 -5.00329 -5.00329 -6.15518 -6.15518
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -4.54011 -4.54011 -4.65663 -4.65663 -6.01381 -6.01381
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -1.35293 -1.35293 -1.74551 -1.74551 -2.57572 -2.57572
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -3.17075 -3.17075 -2.8896 -2.8896 -5.67057 -5.67057
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -0.02071 -0.02071 0.275816 0.275816 -3.3901 -3.3901
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -0.47059 -0.47059 -0.77225 -0.77225 -3.96937 -3.96937
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 0.138865 0.138865 -0.45385 -0.45385 -3.6236 -3.6236
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 0.667789 0.667789 0.84444 0.84444 -3.10565 -3.10565
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 0.539898 0.539898 0.61623 0.61623 -3.08725 -3.08725
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -7.87056 -7.87056 -7.8961 -7.8961 10.38215 10.38215
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -6.19471 -6.19471 -6.42128 -6.42128 70.46785 70.46785
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -5.96223 -5.96223 -5.55134 -5.55134 2.545822 2.545822
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -9.09529 -9.09529 -9.14142 -9.14142 -9.87605 -9.87605
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -6.4216 -6.4216 -6.27616 -6.27616 -8.034 -8.034
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -5.87594 -5.87594 -5.3597 -5.3597 -6.47082 -6.47082
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -6.79957 -6.79957 -6.00209 -6.00209 -8.56262 -8.56262
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -4.0438 -4.0438 -3.44199 -3.44199 -6.09044 -6.09044
m (blanks) 9020.593472 9055.216301 8750.54717
s (blanks) 199.1464024 198.9558915 626.7018591
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Table A13: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 2.01_P and Ara 12.01_Hyp for each peanut-allergic patient

(patients 16-18) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 16 16 17 17 18 18
Ara h 2.01_P/Hyp P Hyp P Hyp =] Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score

1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -16.5582 -16.5582 -16.3451 -16.3451 -16.0744 -16.0744
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -7.88047 -7.88047 73.6812 73.6812 93.44976 93.44976
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -6.79672 -6.79672 69.92526 69.92526 19.02107 19.02107
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.78089 -7.78089 -5.34555 -5.34555 -1.88096 -1.88096
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -5.58071 -5.58071 -6.04793 -6.04793 -1.47517 -1.47517
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -5.87647 -5.87647 -4.98714 -4.98714 3.853184 3.853184
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.18918 -7.18918 -9.06053 -9.06053 -6.0447 -6.0447

8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -5.19417 -5.19417 -5.8386 -5.8386 -1.42439 -1.42439
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S -7.19171 5.729859 -7.20573 61.51052 93.08172 102.2842
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y -4.88902 8.039574 -4.21562 72.17792 96.82627 104.4802
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P -5.371 16.41597 -5.83812 69.51945 87.17452 105.6427
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R -2.98534 11.99356 -1.66842 52.48091 105.5101 105.4889
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -3.86616 2.28513 -4.43115 26.62258 88.44766 105.5339
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -7.82748 -4.6469 -8.35633 -3.27074 45.5348 66.87927
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -2.92936 -2.92936 -4.08974 -4.08974 5.658221 5.658221
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.17857 -6.17857 -7.13607 -7.13607 -5.22368 -5.22368
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -5.99052 -5.99052 -6.96013 -6.96013 -5.49551 -5.49551
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -2.88884 -2.88884 -3.81331 -3.81331 -1.56216 -1.56216
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -4.64394 -4.64394 -6.1348 -6.1348 -3.53141 -3.53141
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -2.09137 -2.09137 -3.44831 -3.44831 -2.26763 -2.26763
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -2.36326 -2.36326 -3.75596 -3.75596 -2.51895 -2.51895
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -1.99669 -1.99669 -3.23375 -3.23375 -2.46322 -2.46322
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -1.855 -1.855 -2.89908 -2.89908 -0.94734 -0.94734
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -1.90765 -1.90765 -2.81963 -2.81963 3.373468 3.373468
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -9.75742 -9.75742 -9.94956 -9.94956 48.1538 48.1538
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -7.98079 -7.98079 -7.40712 -7.40712 92.42276 92.42276
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -7.03544 -7.03544 -7.38833 -7.38833 2.326035 2.326035
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.9152 -10.9152 -11.1958 -11.1958 -6.0797 -6.0797

29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.06822 -8.06822 -8.76832 -8.76832 -6.26779 -6.26779
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -6.60362 -6.60362 -7.46755 -7.46755 -5.6742 -5.6742

31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -7.70452 -7.70452 -8.47639 -8.47639 -5.47405 -5.47405
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -5.48437 -5.48437 -6.01524 -6.01524 -4.64974 -4.64974

m (blanks) 9243.229314 11596.62551 10027.6129
s (blanks) 319.4069177 597.7429055 465.2042138
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Table A14: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.01_P and Ara [2.01_Hyp for each peanut-allergic patient
(patients 19-21) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 19 19 20 20 21 21
Ara h 2.01_P/Hyp P Hyp P Hyp =] Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score

1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -18.8479 -18.8479 -17.3958 -17.3958 -10.692 -10.692

2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -9.49114 -9.49114 -6.4329 -6.4329 19.0295 19.0295

3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -8.42145 -8.42145 -6.93501 -6.93501 13.57041 13.57041
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -8.77158 -8.77158 -8.27701 -8.27701 -5.72108 -5.72108
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -6.98684 -6.98684 -6.24875 -6.24875 -1.95257 -1.95257
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -6.83238 -6.83238 -6.1527 -6.1527 -0.91571 -0.91571
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -9.69779 -9.69779 -9.08661 -9.08661 -4.9797 -4.9797

8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -5.97311 -5.97311 -5.89388 -5.89388 10.54227 10.54227
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S -7.88123 -9.80357 -7.62729 55.79632 21.25456 20.12038
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y -4.43948 -5.63887 -5.24122 43.24526 24.02745 21.73475
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P -5.43235 -4.32516 -6.04807 55.90512 23.16422 22.81892
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R -4.82232 -6.77996 -4.02221 8.32792 24.7854 23.02096
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -5.60346 -5.98881 -4.82291 -1.36421 22.88784 23.93745
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -9.11512 -5.9428 -8.38959 -4.50856 9.59778 14.18211
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.8364 -3.8364 -3.68774 -3.68774 3.213946 3.213946
16 A-G-5-5-Q-H-Q-E-R-C-C-N-E-L-N -7.07964 -7.07964 -6.42866 -6.42866 -1.99622 -1.99622
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.79922 -6.79922 -6.31247 -6.31247 -2.80329 -2.80329
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -4.0151 -4.0151 -3.59415 -3.59415 -0.28184 -0.28184
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -6.06909 -6.06909 -5.35637 -5.35637 -3.97071 -3.97071
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -3.32256 -3.32256 -2.67321 -2.67321 -2.68056 -2.68056
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.91461 -3.91461 -3.04905 -3.04905 -1.86458 -1.86458
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -4.33977 -4.33977 -2.56758 -2.56758 -3.84413 -3.84413
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -4.13791 -4.13791 -2.10077 -2.10077 1.544414 1.544414
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -4.25733 -4.25733 -2.56136 -2.56136 -3.28397 -3.28397
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -11.4855 -11.4855 -9.94244 -9.94244 -2.78567 -2.78567
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -9.66175 -9.66175 -8.53565 -8.53565 -4.83594 -4.83594
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -8.42903 -8.42903 -7.12196 -7.12196 -5.8296 -5.8296

28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -11.7138 -11.7138 -10.6796 -10.6796 -8.4868 -8.4868

29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -9.51595 -9.51595 -8.86204 -8.86204 -6.96985 -6.96985
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -7.56632 -7.56632 -7.25394 -7.25394 -6.08432 -6.08432
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -8.16934 -8.16934 -8.08462 -8.08462 -6.15732 -6.15732
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -5.90544 -5.90544 -5.76256 -5.76256 0.386153 0.386153

m (blanks) 26168.36654 8583.473684 10659.28796
s (blanks) 9679.687758 342.5203501 1674.184356
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Table A15: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.01_P and Ara 12.01_Hyp for each peanut-allergic patient
(patients 22-23) and peanut-tolerant patient 24 are listed. Identified can didate diagnostic peptides are highlighted

in light blue. Prolines undergoing post-translational hydroxylation are written in bold an d blue.

Patient No. : 22 22 23 23 24 24
Ara h 2.01_P/Hyp P Hyp P Hyp =] Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -16.6399 -16.6399 -15.6171 -15.6171 -15.6128 -15.6128
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -1.27362 -1.27362 62.1056 62.1056 -6.93763 -6.93763
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -6.23693 -6.23693 -3.79314 -3.79314 -6.10302 -6.10302
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.25223 -7.25223 -7.62967 -7.62967 -5.98791 -5.98791
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -5.94598 -5.94598 -6.10374 -6.10374 -5.26139 -5.26139
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -5.22242 -5.22242 -5.85019 -5.85019 -4.81836 -4.81836
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -9.05493 -9.05493 -9.1365 -9.1365 -7.30082 -7.30082
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -4.88343 -4.88343 -4.88203 -4.88203 -4.74749 -4.74749
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S 53.57238 78.92373 64.9842 72.68565 -7.09529 -7.82299
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y 48.01901 80.7125 75.17871 74.79566 -4.4566 -6.68099
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P 21.04359 81.6537 73.82538 75.40046 -4.62491 -5.76982
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R 80.54702 81.00486 65.27153 72.35843 -3.28592 -5.28894
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 8.764985 78.6878 2.406967 60.40548 -4.51761 -4.82614
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -5.12402 1.574228 -7.26903 -2.91505 -8.00328 -4.56013
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.75026 -3.75026 -3.80419 -3.80419 -3.26279 -3.26279
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.92884 -6.92884 -6.88913 -6.88913 -5.90084 -5.90084
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.56524 -6.56524 -6.76973 -6.76973 -5.42116 -5.42116
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -3.98639 -3.98639 -4.3532 -4.3532 -3.27003 -3.27003
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -6.14108 -6.14108 -6.44635 -6.44635 -5.6705 -5.6705
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q- -3.57284 -3.57284 -3.9137 -3.9137 -2.30145 -2.30145
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.97929 -3.97929 -4.41712 -4.41712 -3.03544 -3.03544
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -3.83171 -3.83171 -4.11809 -4.11809 -2.44722 -2.44722
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -3.38208 -3.38208 -2.7914 -2.7914 -2.48563 -2.48563
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -3.52935 -3.52935 54.65392 54.65392 -2.59404 -2.59404
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -8.25758 -8.25758 0.726862 0.726862 -7.54432 -7.54432
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -7.0386 -7.0386 -6.25742 -6.25742 -6.91186 -6.91186
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -6.46838 -6.46838 -6.71567 -6.71567 -6.0481 -6.0481
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.2871 -10.2871 -10.5324 -10.5324 -9.99401 -9.99401
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.18412 -8.18412 -8.81047 -8.81047 -7.39489 -7.39489
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -6.40301 -6.40301 -7.21732 -7.21732 -5.3693 -5.3693
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -8.10192 -8.10192 -8.25982 -8.25982 -6.83499 -6.83499
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -5.91261 -5.91261 -5.79713 -5.79713 -5.30066 -5.30066
m (blanks) 9950.296073 9928.151057 11096.52677
s (blanks) 595.2847421 639.6703802 403.5663398
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Table A16: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.01_P and A h 2.01_Hyp for each peanut-tolerant patient
(patients 25-27) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 25 25 26 26 27 27
Ara h 2.01_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -14.403 -14.403 -20.1323 -20.1323 -15.8076 -15.8076
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -6.01015 -6.01015 -11.0327 -11.0327 -7.75596 -7.75596
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -4.21737 -4.21737 -9.42864 -9.42864 -6.5184 -6.5184
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -5.8365 -5.8365 -10.5685 -10.5685 -6.50266 -6.50266
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -2.75056 -2.75056 -8.66636 -8.66636 -5.51326 -5.51326
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -3.41084 -3.41084 -8.21585 -8.21585 -4.89704 -4.89704
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -4.66993 -4.66993 -10.4581 -10.4581 -5.48119 -5.48119
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -3.46197 -3.46197 -7.34271 -7.34271 -4.69147 -4.69147
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S -5.61074 -6.56676 -8.78813 -10.3758 -6.91386 -7.7332
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y -1.91178 -4.82824 -5.29738 -9.04915 -4.54837 -6.64946
11 R-D-P-Y-S- P-S-Q-D-P-Y-S-  P-S-P -3.85716 -3.93796 -6.49369 -8.25358 -5.06727 -5.56856
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R -2.03711 -3.41736 -4.76431 -8.06179 -2.95667 -5.4287
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -0.99995 -2.55159 -4.747 -6.69918 -2.31304 -4.70111
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -5.90191 -2.28449 -8.72375 -6.42734 -5.73057 -4.61289
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -2.67444 -2.67444 -4.25869 -4.25869 -2.96116 -2.96116
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -4.9155 -4.9155 -6.65536 -6.65536 -4.50414 -4.50414
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.44484 -6.44484 -6.1806 -6.1806 -5.24058 -5.24058
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -3.0167 -3.0167 -3.12349 -3.12349 -3.09262 -3.09262
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -6.04653 -6.04653 -4.62019 -4.62019 -4.84881 -4.84881
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -3.10656 -3.10656 -1.16117 -1.16117 -2.69461 -2.69461
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -4.14433 -4.14433 -1.99643 -1.99643 -3.23534 -3.23534
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -4.03421 -4.03421 -0.39939 -0.39939 -2.35837 -2.35837
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -3.44764 -3.44764 -0.85233 -0.85233 -2.38317 -2.38317
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -4.00782 -4.00782 -0.56959 -0.56959 -2.73132 -2.73132
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -5.2364 -5.2364 -12.9257 -12.9257 -8.22009 -8.22009
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -4.88895 -4.88895 -11.0496 -11.0496 -6.83468 -6.83468
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -5.22516 -5.22516 -9.88632 -9.88632 -5.72654 -5.72654
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -8.234 -8.234 -13.1876 -13.1876 -9.69944 -9.69944
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -5.45557 -5.45557 -10.8999 -10.8999 -6.14743 -6.14743
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -3.57322 -3.57322 -8.93191 -8.93191 -5.6722 -5.6722
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -5.11988 -5.11988 -9.02178 -9.02178 -7.42233 -7.42233
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -3.00069 -3.00069 -7.18025 -7.18025 -4.93121 -4.93121
m (blanks) 12197.20253 14751.29909 11851.53209
s (blanks) 1714.718816 1597.646395 461.1748893
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Table A17: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 2.01_P and Ar h 2.01_Hyp for each peanut-tolerant patient

(patients 28-30) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 28 28 29 29 30 30
Ara h 2.01_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -16.1315 -16.1315 -16.1435 -16.1435 -15.9711 -15.9711
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -7.62222 -7.62222 -7.85828 -7.85828 -7.33023 -7.33023
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -6.51832 -6.51832 -6.36353 -6.36353 -6.01509 -6.01509
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.1998 -7.1998 -6.85042 -6.85042 -7.36758 -7.36758
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -5.88483 -5.88483 -5.49648 -5.49648 -5.17322 -5.17322
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -5.37518 -5.37518 -5.67097 -5.67097 -5.48496 -5.48496
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.81996 -7.81996 -8.11885 -8.11885 -7.48527 -7.48527
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -4.99419 -4.99419 -5.22646 -5.22646 -4.74622 -4.74622
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S -7.32541 -7.93583 -7.24292 -7.51373 -6.93503 -5.36634
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y -4.80348 -6.93444 -3.98552 -6.21494 -4.56318 -5.18641
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P -5.49605 -5.82621 -5.12551 -5.77264 -5.52327 -4.35204
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R -3.54339 -5.87909 -4.12231 -5.25581 -3.85339 -4.54282
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -4.27148 -5.02536 -4.76046 -4.34831 -4.51062 -3.90443
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -8.21094 -4.92154 -8.42008 -4.79801 -8.56386 -3.83761
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.66215 -3.66215 -3.48713 -3.48713 -3.19686 -3.19686
16 A-G-S-5-Q-H-Q-E-R-C-C-N-E-L-N -6.32261 -6.32261 -6.81214 -6.81214 -6.37968 -6.37968
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -5.95125 -5.95125 -6.45309 -6.45309 -6.22553 -6.22553
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -3.14778 -3.14778 -3.77435 -3.77435 -3.46751 -3.46751
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -4.51958 -4.51958 -5.66493 -5.66493 -5.56529 -5.56529
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -2.33378 -2.33378 -2.62856 -2.62856 -2.58738 -2.58738
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.03036 -3.03036 -3.31512 -3.31512 -3.03907 -3.03907
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -2.53202 -2.53202 -2.97149 -2.97149 -3.11186 -3.11186
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -2.26669 -2.26669 -2.66838 -2.66838 -2.34768 -2.34768
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -2.94247 -2.94247 -3.2777 -3.2777 -2.67929 -2.67929
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -8.78904 -8.78904 -8.71254 -8.71254 -8.29625 -8.29625
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -7.47421 -7.47421 -7.13505 -7.13505 -6.33661 -6.33661
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -6.09591 -6.09591 -6.60001 -6.60001 -5.74918 -5.74918
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.1136 -10.1136 -9.76832 -9.76832 -9.37562 -9.37562
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.27336 -8.27336 -8.33809 -8.33809 -6.6277 -6.6277
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -6.45465 -6.45465 -6.74533 -6.74533 -5.55567 -5.55567
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -7.18427 -7.18427 -7.59955 -7.59955 -7.0514 -7.0514
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -5.35702 -5.35702 -5.25459 -5.25459 -4.9214 -4.9214
m (blanks) 12315.06472 14543.81696 10913.91392
s (blanks) 500.0454477 384.1710475 327.9266085
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Table A18: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 2.01_P and A h 2.01_Hyp for each peanut-tolerant patient

(patients 31-33) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 31 31 32 32 33 33
Ara h 2.01_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -16.7887 -16.7887 -17.6274 -17.6274 -17.2259 -17.2259
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -8.26537 -8.26537 -9.33768 -9.33768 -8.87163 -8.87163
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -7.21115 -7.21115 -7.48401 -7.48401 -7.74605 -7.74605
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.50519 -7.50519 -8.15567 -8.15567 -8.1327 -8.1327
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -5.76727 -5.76727 -6.25402 -6.25402 -6.31786 -6.31786
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -5.36563 -5.36563 -6.01389 -6.01389 -6.26277 -6.26277
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.98976 -7.98976 -8.45314 -8.45314 -8.70007 -8.70007
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -5.4683 -5.4683 -5.53614 -5.53614 -5.51828 -5.51828
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S -7.18293 -8.48354 -7.61505 -8.71449 -7.42921 -8.39349
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y -4.61552 -7.16751 -4.96669 -7.48204 -4.78481 -7.39734
11 R-D-P-Y-S- P-S-Q-D-P-Y-S-  P-S-P -5.63514 -6.45595 -5.74031 -6.5245 -5.69911 -6.55528
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R -3.35667 -6.27173 -4.04467 -6.34089 -4.051 -6.00386
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -4.28348 -5.14944 -4.7494 -5.12299 -4.74462 -4.93864
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -7.46789 -5.10172 -8.23087 -5.31731 -8.20714 -5.23644
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.30554 -3.30554 -3.56242 -3.56242 -3.44765 -3.44765
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.22196 -6.22196 -6.68035 -6.68035 -6.32937 -6.32937
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.01436 -6.01436 -6.0449 -6.0449 -6.11147 -6.11147
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -2.99621 -2.99621 -3.52031 -3.52031 -3.64677 -3.64677
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -4.84845 -4.84845 -5.27068 -5.27068 -5.33036 -5.33036
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -2.33978 -2.33978 -2.60911 -2.60911 -2.71434 -2.71434
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -2.46843 -2.46843 -3.07917 -3.07917 -2.84428 -2.84428
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -2.30882 -2.30882 -2.66893 -2.66893 -2.48194 -2.48194
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -1.56976 -1.56976 -2.20574 -2.20574 -2.23401 -2.23401
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -1.58082 -1.58082 -2.62377 -2.62377 -2.60475 -2.60475
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -9.70918 -9.70918 -10.1905 -10.1905 -10.0671 -10.0671
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -8.15775 -8.15775 -8.71408 -8.71408 -8.68301 -8.68301
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -7.50076 -7.50076 -7.40233 -7.40233 -7.62749 -7.62749
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.8529 -10.8529 -10.8681 -10.8681 -10.9929 -10.9929
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.66204 -8.66204 -8.77289 -8.77289 -8.81125 -8.81125
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -6.55204 -6.55204 -6.91173 -6.91173 -7.35723 -7.35723
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -7.56077 -7.56077 -7.97043 -7.97043 -7.98609 -7.98609
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -5.66254 -5.66254 -5.3136 -5.3136 -5.56505 -5.56505
m (blanks) 12100.85777 11909.87841 10981.51739
s (blanks) 429.7547642 4446552176 408.3888554
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Table A19: Calculated Z-scores of Ara h 2.01 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 2.01_P and A h 2.01_Hyp for each peanut-tolerant patient

(patients 34-35) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 34 34 35 35
Ara h 2.01_P/Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -17.8392 -17.8392 -17.6687 -17.6687
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -9.23519 -9.23519 -9.06935 -9.06935
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -7.68299 -7.68299 -7.94408 -7.94408
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -8.78861 -8.78861 -8.12819 -8.12819
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -6.77961 -6.77961 -6.44503 -6.44503
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -7.07231 -7.07231 -6.37625 -6.37625
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -9.6506 -9.6506 -9.02647 -9.02647
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P -6.279 -6.279 -5.90881 -5.90881
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S -8.02753 -9.26037 -7.73411 -8.53431
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y -5.26101 -7.79732 -5.36161 -7.0576
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P -5.98613 -6.70337 -6.05308 -6.43796
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R -4.12088 -6.36759 -4.58381 -5.65342
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -3.89956 -4.71507 -5.56081 -4.73287
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -7.72748 -5.63145 -8.82928 -4.91599
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.83128 -3.83128 -4.13538 -4.13538
16 A-G-S-5-Q-H-Q-E-R-C-C-N-E-L-N -6.68164 -6.68164 -6.94447 -6.94447
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.77929 -6.77929 -6.5081 -6.5081
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -4.40655 -4.40655 -4.12249 -4.12249
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -6.03547 -6.03547 -5.79592 -5.79592
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -2.6388 -2.6388 -3.05105 -3.05105
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.72641 -3.72641 -3.42906 -3.42906
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -3.69882 -3.69882 -2.84092 -2.84092
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -3.35388 -3.35388 -2.8154 -2.8154
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -3.81816 -3.81816 -3.23611 -3.23611
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -10.5205 -10.5205 -10.2296 -10.2296
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -8.51213 -8.51213 -8.55121 -8.55121
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -7.67201 -7.67201 -7.68731 -7.68731
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -11.328 -11.328 -10.7786 -10.7786
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -9.15491 -9.15491 -9.04834 -9.04834
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V -7.74015 -7.74015 -7.61202 -7.61202
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G -8.74966 -8.74966 -8.06676 -8.06676
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y -6.20049 -6.20049 -5.77861 -5.77861
m (blanks) 12530.63095 10368.17722
s (blanks) 506.3960279 455.1615403
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Table A20: Calculated Z-scores of Ara h 2.01 peptides of controls.
The calculated Z-scores of every peptide of Ara h 2.01_P and Ara h 2.01Hyp for each control are listed. Numbers
written behind control sera represent the respective developed X-ray fim. Prolines undergoing post-translational

hydroxylation are written in bold and blue.

Control No. : N_2 N_2 N_3 N_3 N_4 N_4
Ara h 2.01_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q 2.618215 2.618215 2.289753 2.289753 3.022174 3.022174
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 2.46384 2.46384 1.745793 1.745793 2.937296 2.937296
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 2.178675 2.178675 1.569007 1.569007 2.746965 2.746965
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H 2.208692 2.208692 1.617963 1.617963 2.394596 2.394596
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K 2.324473 2.324473 1.66148 1.66148 2.152824 2.152824
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D 2.315897 2.315897 0.899936 0.899936 1.671852 1.671852
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y 2.789743 2.789743 1.481973 1.481973 1.952205 1.952205
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P 1.342476 1.342476 1.264389 1.264389 1.406932 1.406932
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S 1.160228 0.673518 0.774826 1.074003 1.507242 2.309719
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y 1.245992 0.493413 0.758507 0.872738 1.352919 2.085951
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P 1.16666 0.221113 0.695952 0.44573 0.959397 2.178544
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R 1.676956 0.077458 0.709551 0.598039 1.383784 1.846751
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 2.255862 0.257563 2.390385 0.200948 1.455801 1.468661
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q 2.045741 0.017424 2.512776 -0.07647 1.257754 1.059707
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C 1.170949 1.170949 1.174636 1.174636 0.671329 0.671329
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N 1.597624 1.597624 1.131119 1.131119 0.535011 0.535011
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N 1.040159 1.040159 0.826502 0.826502 0.411553 0.411553
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C 1.014429 1.014429 0.98969 0.98969 0.645608 0.645608
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A 0.920089 0.920089 0.85098 0.85098 0.691905 0.691905
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I 0.514854 0.514854 1.579886 1.579886 0.625032 0.625032
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q 0.825749 0.825749 0.823782 0.823782 0.694477 0.694477
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 0.881495 0.881495 1.234472 1.234472 0.828223 0.828223
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 1.32318 1.32318 2.053131 2.053131 0.398692 0.398692
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 0.892216 0.892216 1.688678 1.688678 0.645608 0.645608
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E 1.434673 1.434673 2.009614 2.009614 2.422888 2.422888
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L 1.546166 1.546166 1.949778 1.949778 2.574639 2.574639
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C 1.514004 1.514004 2.080329 2.080329 2.129676 2.129676
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A 1.218119 1.218119 1.626122 1.626122 2.157968 2.157968
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C 2.009291 2.009291 1.751233 1.751233 1.988213 1.988213
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V 1.177381 1.177381 1.990575 1.990575 1.710433 1.710433
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G 0.838613 0.838613 1.25079 1.25079 1.085427 1.085427
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y 0.757138 0.757138 0.627957 0.627957 1.093143 1.093143
m (blanks) 9170.873662 8143.116379 11455.98985
s (blanks) 466.3965312 367.6744314 388.7963548
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Table A21: Calculated Z-scores of Ara h 2.01 peptides of controls.
The calculated Z-scores of every peptide of Ara h 2.01_P and Ara h 2.01Hyp for each control are listed. Numbers
written behind control sera represent the respective developed X-ray fim. Prolines undergoing post-translational

hydroxylation are written in bold and blue.

Control No. : DLab71S1 1| DLab71S1_1| DLab71S1_2| DLab71S1_2| DLab71S1_3| DLab71S1_3
Ara h 2.01_P/Hyp =] Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q 2.490168 2.490168 2.887099 2.887099 2.550297 2.550297
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 1.48453 1.48453 2.551398 2.551398 2.118537 2.118537
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 1.005075 1.005075 2.418741 2.418741 2.128406 2.128406
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H 0.633293 0.633293 2.080332 2.080332 0.976222 0.976222
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K 1.04977 1.04977 1.768996 1.768996 1.193336 1.193336
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D 1.02539 1.02539 1.590316 1.590316 0.976222 0.976222
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y 1.482499 1.482499 1.936847 1.936847 1.000894 1.000894
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P 0.651577 0.651577 1.48744 1.48744 0.865198 0.865198
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S 0.519524 0.296049 1.092178 1.944969 0.433437 1.662104
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y 0.466703 0.151806 1.046154 1.552414 1.220475 1.213073
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-P 1.021327 -0.14074 1.855629 1.254614 0.971287 0.773911
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R 0.720652 -0.26467 1.509098 1.503683 1.220475 0.875066
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 1.48453 -0.09808 1.9937 1.495562 1.588088 0.512388
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q 1.370761 0.076637 1.766289 0.518236 1.889087 0.396429
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C 0.446387 0.446387 1.113836 1.113836 1.15386 1.15386
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N 0.657672 0.657672 0.918913 0.918913 0.618477 0.618477
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N 0.99898 0.99898 0.680673 0.680673 0.376691 0.376691
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C 1.027422 1.027422 0.518236 0.518236 0.603674 0.603674
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A 1.204171 1.204171 1.113836 1.113836 1.158795 1.158795
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I 1.393109 1.393109 0.761891 0.761891 0.640682 0.640682
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q 0.812073 0.812073 0.242095 0.242095 0.455642 0.455642
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 1.722227 1.722227 1.062398 1.062398 0.645616 0.645616
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 1.447962 1.447962 1.084056 1.084056 1.225409 1.225409
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 1.571889 1.571889 1.154445 1.154445 0.949082 0.949082
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E 1.244802 1.244802 3.017048 3.017048 2.261635 2.261635
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L 1.261055 1.261055 2.602836 2.602836 2.345519 2.345519
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C 0.8974 0.8974 2.17238 2.17238 1.935964 1.935964
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A 0.517492 0.517492 1.741923 1.741923 1.437589 1.437589
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C 1.324034 1.324034 2.296914 2.296914 2.505888 2.505888
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V 1.12697 1.12697 1.750045 1.750045 1.42772 1.42772
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G 0.25948 0.25948 0.983887 0.983887 0.608608 0.608608
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y 0.547966 0.547966 1.13008 1.13008 0.791181 0.791181
m (blanks) 11243.27745 11721.57619 9079.320513
s (blanks) 492.2247585 369.3755052 405.3172388
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Table A22: Calculated Z-scores of Ara h 2.01 peptides of controls.
The calculated Z-scores of every peptide of Ara h 2.01_P and Ara h 2.01Hyp for each control are listed. Numbers
written behind control sera represent the respective developed X-ray fim. Prolines undergoing post-translational

hydroxylation are written in bold and blue.

Control No. : DLab71S1 4| DLab71S1_4| DLab72S1_1| DLab72S1_1| DLab72S1_2| DLab72S1_2
Ara h 2.01_P/Hyp =] Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q 1.554046 1.554046 1.91215 1.91215 2.307903 2.307903
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 1.661996 1.661996 0.798671 0.798671 1.742894 1.742894
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 2.303697 2.303697 1.347073 1.347073 1.591359 1.591359
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H 1.627512 1.627512 0.704182 0.704182 1.420341 1.420341
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K 1.137241 1.137241 0.66157 0.66157 0.82719 0.82719
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D 0.828385 0.828385 0.291028 0.291028 1.032844 1.032844
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y 2.723501 2.723501 1.085841 1.085841 1.097788 1.097788
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P 1.795434 1.795434 0.278059 0.278059 0.604217 0.604217
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S 0.675457 1.269179 0.226183 0.48371 0.675655 1.708257
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y 1.212206 1.104256 0.580051 0.376253 0.51979 1.42467
11 R-D-P-Y-S- P-S-Q-D-P-Y-S-  P-S-P 0.985812 0.829884 0.59302 0.100199 0.61937 0.944088
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R 0.564508 0.886858 0.685655 -0.0369 1.242828 0.853167
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 1.042785 0.834382 1.185887 -0.04431 0.92677 0.699467
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q 0.141706 0.669459 0.596725 -0.14065 0.935429 0.47
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C 0.41158 0.41158 0.291028 0.291028 0.6237 0.6237
16 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N 0.254153 0.254153 0.498531 0.498531 0.686479 0.686479
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N 3.705542 3.705542 0.433687 0.433687 0.335783 0.335783
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -0.00523 -0.00523 0.828314 0.828314 0.513296 0.513296
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A 0.551015 0.551015 0.909833 0.909833 0.539273 0.539273
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I 0.318623 0.318623 1.002469 1.002469 0.396397 0.396397
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q 0.048749 0.048749 0.568934 0.568934 0.580404 0.580404
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 0.416078 0.416078 1.076577 1.076577 0.467835 0.467835
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 0.387591 0.387591 1.178476 1.178476 0.359596 0.359596
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 0.210673 0.210673 1.302608 1.302608 0.664831 0.664831
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E 3.834482 3.834482 1.636096 1.636096 1.745059 1.745059
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L 1.576536 1.576536 1.967731 1.967731 1.548063 1.548063
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C 2.140273 2.140273 0.991352 0.991352 1.257982 1.257982
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A 0.912346 0.912346 0.454066 0.454066 1.766706 1.766706
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C 1.52556 1.52556 1.247026 1.247026 1.322925 1.322925
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V 2.257218 2.257218 0.657865 0.657865 0.863991 0.863991
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G 0.726433 0.726433 0.331787 0.331787 0.894298 0.894298
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y 0.756419 0.756419 0.194687 0.194687 0.565251 0.565251
m (blanks) 11903.48548 11209.91781 11229.88839
s (blanks) 666.977806 539.7497324 461.9395702
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Table A23: Calculated Z-scores of Ara h 2.01 peptides of controls and derived maximum Z-s

core.

The calculated Z-scores of every peptide of Ara h 2.01_P and Ara h.1_Hyp for each control and the maximum Z-

score (Max.) of the controls are listed. Numbers written behind control sera represent the respective developed X-

ray film. Prolines undergoing post-translational hydroxylation are written in bold and blu e.

Control No. : DLab72S1_3| DLab72S1_3| DLab72S1_4| DLab72S1_4 Max. Max.
Ara h 2.01_P/Hyp P Hyp P Hyp P Hyp

Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q 2.898064 2.898064 18.05717 18.05717 18.05717 18.05717
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 2.144974 2.144974 9.391927 9.391927 9.391927 9.391927
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 2.429927 2.429927 7.970057 7.970057 7.970057 7.970057
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H 1.663268 1.663268 8.459553 8.459553 8.459553 | 8.459553
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K 1.699452 1.699452 6.600633 6.600633 6.600633 | 6.600633
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D 0.926009 0.926009 6.45495 6.45495 6.45495 6.45495
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y 1.84419 1.84419 9.467682 9.467682 9.467682 9.467682
8 M-Q-K-I-Q-R-D-E-D-S-Y-E-R-D-P 0.833286 0.833286 5.947972 5.947972 5.947972 | 5.947972
9 Q-R-D-E-D-S-Y-E-R-D-P-Y-S- P-S 0.394549 1.082055 7.795237 9.065596 7.795237 | 9.065596
10 D-S-Y-E-R-D-P-Y-S-  P-S-Q-D-P-Y 0.650102 0.876255 5.29531 7.626244 5.29531 7.626244
11 R-D-P-Y-S- P-S-Q-D-P-Y-S-  P-S-P 0.711164 0.846855 6.221856 6.554015 6.221856 | 6.554015
12 S-P-S-Q-D-P-Y-S-  P-S-P-Y-D-R-R 0.885302 0.324442 4.625166 6.320921 4.625166 | 6.320921
13 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 1.789914 0.575472 5.703224 5.231209 5.703224 | 5.231209
14 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q 1.165731 0.168396 9.094733 5.225382 9.094733 | 5.225382
15 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C 0.663672 0.663672 3.989987 3.989987 3.989987 | 3.989987
16 A-G-S-5-Q-H-Q-E-R-C-C-N-E-L-N 0.797102 0.797102 7.148403 7.148403 7.148403 7.148403
17 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N 1.127285 1.127285 6.857036 6.857036 6.857036 | 6.857036
18 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C 1.631607 1.631607 4.07157 4.07157 4.07157 4.07157
19 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A 0.559641 0.559641 6.10531 6.10531 6.10531 6.10531
20 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I 0.299565 0.299565 3.26157 3.26157 3.26157 3.26157
21 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q 0.091504 0.091504 3.646174 3.646174 3.646174 3.646174
22 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 0.607133 0.607133 3.5238 3.5238 3.5238 3.5238
23 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 0.844594 0.844594 3.366462 3.366462 3.366462 | 3.366462
24 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 0.659148 0.659148 3.710275 3.710275 3.710275 3.710275
25 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E 2.016067 2.016067 10.71473 10.71473 10.71473 10.71473
26 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L 2.158543 2.158543 9.053941 9.053941 9.053941 | 9.053941
27 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C 1.457469 1.457469 7.917611 7.917611 7.917611 7.917611
28 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A 2.429927 2.429927 11.43732 11.43732 11.43732 11.43732
29 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C 2.090697 2.090697 9.351136 9.351136 9.351136 | 9.351136
30 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-D-V 0.978024 0.978024 7.620417 7.620417 7.620417 7.620417
31 L-R-A-P-Q-R-C-D-L-D-V-E-S-G-G 0.756394 0.756394 8.308043 8.308043 8.308043 | 8.308043
32 Q-R-C-D-L-D-V-E-S-G-G-R-D-R-Y 0.704379 0.704379 5.918835 5.918835 5.918835 5.918835

m (blanks) 8431.538776 10277.29825
s (blanks) 442.1784235 171.6050136
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Table A24: Calculated Z-scores of Ara h 2.01 IgE inhibition experiments.

The calculated Z-scores of every peptide of Ara h 2.01_P and Ara h 2.01Hyp are listed for the uninhibited serum
pool (peanut patients 6, 7, 8, 10, 12, 15, 18, 21, 22 and 23) plus protein buffer without inhibitor (Pool -), for the
serum pool preincubated with 13.5 ug rAra h 2.02 (Pool + rAra h 2.02) , with 9.5 pg native peanut extract (Pool +
n. extract) or preincubated with 9.5 ug reduced/alkylated peanut extract (Pool + r/a extract). Identified candidate

diagnostic peptides are highlighted in light blue.

IgE inhibition experiment : Pool - Pool - Pool + Pool + Pool + Pool + Pool + Pool +
rArah 2.02 | rArah 2.02 n. extract n. extract r/a extract r/a extract
Ara h 2.01_P/Hyp P Hyp P Hyp P Hyp P Hyp

Peptide No. ; Z-score Z-score Z-score Z-score Z-score Z-score Z-score Z-score
1 4.122965 4.122965 0.557347 0.557347 2.998953 2.998953 2.882607 2.882607

2 95.36572 95.36572 1.192915 1.192915 3.017292 3.017292 14.3761 14.3761

3 8.055646 8.055646 0.284365 0.284365 2.082018 2.082018 2.142944 2.142944

4 2.653214 2.653214 -0.1449 -0.1449 1.673982 1.673982 1.769522 1.769522

5 1.633348 1.633348 0.092653 0.092653 2.19205 2.19205 2.010092 2.010092

6 1.448438 1.448438 0.169754 0.169754 1.536442 1.536442 1.690529 1.690529

7 1.059554 1.059554 0.125994 0.125994 2.320421 2.320421 3.453511 3.453511

8 1.091961 1.091961 -0.13448 -0.13448 1.568535 1.568535 1.428416 1.428416

9 66.54831 101.3172 0.044724 105.87 1.165083 5.923975 1.112443 5.826895

10 72.34725 101.7327 0.103072 104.4426 1.678567 9.92181 1.780294 10.47672

11 33.7353 101.8395 0.751143 101.5189 2.274574 7.400239 1.424825 9.622154

12 78.24531 99.80738 3.826877 57.0177 2.4763 1.811522 1.916736 1.733616

13 9.100294 92.41288 1.107478 18.06778 4.278077 1.513519 2.340427 0.843148

14 4.050526 4.967453 0.605275 0.253108 2.008663 1.027543 1.668985 0.642075

15 1.189182 1.189182 -0.21367 -0.21367 1.463087 1.463087 1.299154 1.299154

16 2.186173 2.186173 0.113491 0.113491 1.829861 1.829861 1.676167 1.676167

17 1.183463 1.183463 0.138497 0.138497 2.705534 2.705534 1.611536 1.611536

18 2.193798 2.193798 -0.01362 -0.01362 2.567994 2.567994 1.902374 1.902374

19 1.330248 1.330248 0.028054 0.028054 2.865997 2.865997 2.455326 2.455326

20 1.086242 1.086242 0.155167 0.155167 2.114111 2.114111 1.353013 1.353013

21 0.451447 0.451447 0.530257 0.530257 1.994909 1.994909 1.205799 1.205799

22 1.454157 1.454157 0.986616 0.986616 3.031046 3.031046 2.193212 2.193212

23 1.991731 1.991731 1.003287 1.003287 2.916429 2.916429 2.699486 2.699486

24 3.402387 3.402387 1.040796 1.040796 2.742211 2.742211 2.124991 2.124991

25 81.56226 81.56226 0.96161 0.96161 3.411573 3.411573 20.54475 20.54475

26 60.93046 60.93046 0.371886 0.371886 3.154832 3.154832 4.534281 4.534281

27 2.67609 2.67609 0.369802 0.369802 1.742752 1.742752 2.282977 2.282977

28 2.077514 2.077514 0.078066 0.078066 2.214974 2.214974 2.372742 2.372742

29 0.708797 0.708797 0.05306 0.05306 2.389191 2.389191 3.123177 3.123177

30 0.765985 0.765985 -0.01571 -0.01571 3.086062 3.086062 2.42301 2.42301

31 0.291319 0.291319 -0.07614 -0.07614 1.797768 1.797768 1.618717 1.618717

32 0.878457 0.878457 -0.08656 -0.08656 0.945019 0.945019 1.432006 1.432006

m(blanks) 6887.180488 9474537374 19293.87429 14432.17866
s(blanks) 524.5786309 479.8854558 218.1180411 278.5053352
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Table A25: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 2.02_P and Ara 12.02_Hyp for each peanut-allergic patient

(patients 1-3) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 1 1 2 2 3 3
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -15.6093 -15.6093 -15.837 -15.837 -16.689 -16.689
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 24.88522 24.88522 -5.86766 -5.86766 59.0829 59.0829
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -4.87386 -4.87386 -6.21678 -6.21678 -6.30131 -6.30131
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.00265 -7.00265 -7.65226 -7.65226 -7.58173 -7.58173
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -5.60232 -5.60232 -6.02318 -6.02318 -6.28988 -6.28988
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -5.24843 -5.24843 -5.48072 -5.48072 -6.5791 -6.5791
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.85529 -7.85529 -8.39668 -8.39668 -8.74548 -8.74548
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -2.99305 -2.99305 -3.57739 -3.57739 -4.16075 -4.16075
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S -2.5275 53.079 -3.41774 -3.92737 -3.45695 105.7587
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y -1.7339 46.26586 -3.61779 -3.58699 -3.15993 108.3396
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q 3.805916 82.91889 -3.85671 -3.21147 -2.90594 108.5642
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R -3.9494 26.18066 -6.06158 -3.42052 -6.23019 74.33564
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -5.03707 1.970248 -5.9539 -4.27563 -5.52637 7.493399
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P -0.63999 44.22516 -3.5051 -4.35461 -1.96051 103.5128
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R 16.62031 55.46646 -2.87767 -3.21141 -1.23041 74.49012
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 2.063132 69.57115 -5.03383 -5.31909 -3.06448 2.182899
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -6.5968 -2.46917 -8.52696 -5.31568 -7.2064 -4.87626
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.9879 -3.9879 -3.46818 -3.46818 -3.88176 -3.88176
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.72463 -6.72463 -6.81773 -6.81773 -6.73745 -6.73745
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.71527 -6.71527 -6.03765 -6.03765 -6.17534 -6.17534
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -3.90081 -3.90081 -3.53767 -3.53767 -3.70113 -3.70113
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -5.75533 -5.75533 -5.71415 -5.71415 -5.36392 -5.36392
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -3.08554 -3.08554 -2.63815 -2.63815 -3.23009 -3.23009
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.62827 -3.62827 -3.14614 -3.14614 -3.75113 -3.75113
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -2.80749 -2.80749 -2.71651 -2.71651 -3.13417 -3.13417
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -2.50519 -2.50519 -2.38013 -2.38013 -2.5867 -2.5867
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -1.95556 -1.95556 -2.7433 -2.7433 -3.26308 -3.26308
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -8.4171 -8.4171 -9.06065 -9.06065 -10.0842 -10.0842
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -6.36362 -6.36362 -7.90793 -7.90793 -8.20809 -8.20809
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -6.04957 -6.04957 -6.81515 -6.81515 -7.38515 -7.38515
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.0542 -10.0542 -10.4244 -10.4244 -10.7791 -10.7791
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.33437 -8.33437 -8.7882 -8.7882 -8.99561 -8.99561
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -3.80065 -3.80065 -4.321 -4.321 -3.92286 -3.92286
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -2.3958 -2.3958 -2.4209 -2.4209 -3.25623 -3.25623
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -2.78834 -2.78834 -2.73773 -2.73773 -2.96914 -2.96914
m (blanks) 9592.208333 10493.32271 8641.234136
s (blanks) 379.4304356 413.3282315 469.0740411
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Table A26: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.02_P and Ara [2.02_Hyp for each peanut-allergic patient
(patients 4-6) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 4 4 5 5 6 6
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp

Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -16.034 -16.034 -17.0706 -17.0706 -15.8523 -15.8523
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -7.44156 -7.44156 -5.58058 -5.58058 51.91572 51.91572
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -6.27436 -6.27436 -7.41301 -7.41301 -2.94865 -2.94865
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -6.96289 -6.96289 -7.92274 -7.92274 -7.97566 -7.97566
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -4.33781 -4.33781 -6.42141 -6.42141 -6.42816 -6.42816
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -4.02306 -4.02306 -6.18127 -6.18127 -6.15366 -6.15366
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -3.79996 -3.79996 -8.71047 -8.71047 -9.03132 -9.03132
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -3.77511 -3.77511 -3.76773 -3.76773 -0.67626 -0.67626
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S -2.43561 -4.0963 -3.95888 -3.91921 56.1284 61.27734
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y -2.80977 -3.46961 -4.18443 -3.46427 55.12316 62.22379
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q -3.54256 -3.53794 -4.01635 -3.07345 57.86879 62.61336
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R -5.60294 -3.28695 -6.41272 -3.3469 54.88822 61.44064
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -5.9148 -4.48906 -5.8809 -4.58721 1.197256 51.76891
14 P-S-Q-D-P-D-R-R-D-P-Y-S-  P-S-P -3.13846 -4.29 -3.35818 -4.20569 59.97855 60.91007
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R -2.22716 -3.3706 -3.07111 -3.37258 59.54316 60.71855
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 0.831244 -5.17911 -5.25413 -5.21392 -1.06828 44.31241
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -4.77099 -5.16686 -8.96274 -5.1901 -7.61904 -3.80097
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.16531 -3.16531 -3.94346 -3.94346 -3.75623 -3.75623
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -4.1665 -4.1665 -7.01191 -7.01191 -6.75581 -6.75581
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -5.94676 -5.94676 -6.29549 -6.29549 -6.8409 -6.8409
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -3.12277 -3.12277 -3.8991 -3.8991 -4.19802 -4.19802
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -1.87359 -1.87359 -6.02505 -6.02505 -6.34557 -6.34557
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -2.47114 -2.47114 -3.03512 -3.03512 -3.817 -3.817
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.10827 -3.10827 -3.31852 -3.31852 -4.3667 -4.3667
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -2.73123 -2.73123 -3.07695 -3.07695 -4.17304 -4.17304
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -1.51882 -1.51882 -2.84764 -2.84764 -4.03821 -4.03821
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -2.82996 -2.82996 -3.02953 -3.02953 -4.09812 -4.09812
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -8.7023 -8.7023 -10.1329 -10.1329 -9.64301 -9.64301
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -7.77342 -7.77342 -8.39344 -8.39344 -7.14176 -7.14176
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -6.62425 -6.62425 -7.29984 -7.29984 -6.34687 -6.34687
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -9.94065 -9.94065 -11.2671 -11.2671 -10.8884 -10.8884
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -5.14938 -5.14938 -9.31585 -9.31585 -9.07486 -9.07486
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -2.96668 -2.96668 -4.58773 -4.58773 -3.42426 -3.42426
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -2.51767 -2.51767 -2.82329 -2.82329 -3.42388 -3.42388
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -2.79029 -2.79029 -2.74692 -2.74692 -3.6799 -3.6799

m (blanks) 9287.655706 10237.31141 10105.10092

s (blanks) 467.2674622 444.6433874 799.5560648
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Table A27: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.02_P and Ara 12.02_Hyp for each peanut-allergic patient
(patients 7-9) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 7 7 8 8 9 9
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -14.4476 -14.4476 -15.9077 -15.9077 -17.2683 -17.2683
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 95.69471 95.69471 61.10624 61.10624 -8.33003 -8.33003
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 9.238021 9.238021 -3.8278 -3.8278 -7.47646 -7.47646
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.50257 -7.50257 -7.69436 -7.69436 -7.83942 -7.83942
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -6.38187 -6.38187 -6.09855 -6.09855 -6.13145 -6.13145
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -6.31751 -6.31751 -6.3266 -6.3266 -6.1345 -6.1345
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.90387 -7.90387 -9.27057 -9.27057 -8.72767 -8.72767
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -3.94731 -3.94731 -3.67584 -3.67584 -3.88625 -3.88625
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S -3.26232 107.5682 -1.20208 72.88889 -3.56048 1.690126
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y 11.40277 109.4753 3.825641 74.10853 -4.26198 1.192878
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q 43.14967 109.815 2.911781 74.63243 -3.81688 3.656131
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R -5.7335 107.5882 -4.76436 73.87764 -6.58126 4.318492
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -5.85832 57.57434 -5.08781 58.64393 -5.9236 -2.06095
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P -2.30512 107.226 9.883701 73.08679 -3.28466 3.988816
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R -1.90838 104.9979 51.1047 73.52093 -2.21743 3.255435
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -1.90809 47.56017 -1.74783 64.89771 -4.53255 0.801029
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -6.98664 -3.24033 -7.31896 -0.98894 -8.33918 -4.18569
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -2.82447 -2.82447 -4.04253 -4.04253 -3.92705 -3.92705
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.38536 -6.38536 -7.01856 -7.01856 -6.97447 -6.97447
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.44016 -6.44016 -6.72121 -6.72121 -6.48997 -6.48997
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -4.29073 -4.29073 -4.44403 -4.44403 -3.90429 -3.90429
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -6.24939 -6.24939 -6.53757 -6.53757 -5.92693 -5.92693
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -3.41191 -3.41191 -3.88966 -3.88966 -3.19863 -3.19863
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.92372 -3.92372 -4.32659 -4.32659 -3.79856 -3.79856
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -3.34883 -3.34883 -3.83497 -3.83497 -3.25885 -3.25885
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -2.84324 -2.84324 -3.80769 -3.80769 -2.73745 -2.73745
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -3.67502 -3.67502 -4.16047 -4.16047 -2.92809 -2.92809
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -8.2292 -8.2292 -9.46967 -9.46967 -9.78381 -9.78381
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -2.63336 -2.63336 -7.51587 -7.51587 -8.26953 -8.26953
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -6.89182 -6.89182 -7.12252 -7.12252 -7.24864 -7.24864
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.0466 -10.0466 -10.7588 -10.7588 -10.724 -10.724
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.5297 -8.5297 -8.68611 -8.68611 -8.56673 -8.56673
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -4.54409 -4.54409 -3.64547 -3.64547 -4.45983 -4.45983
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -3.36073 -3.36073 -3.31664 -3.31664 -2.93723 -2.93723
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -3.05424 -3.05424 -3.39364 -3.39364 -3.1212 -3.1212
m (blanks) 6735.093596 10444.14595 8851.646586
s (blanks) 479.5367787 668.9231327 450.4718604
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Table A28: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.02_P and Ara [2.02_Hyp for each peanut-allergic patient
(patients 10-12) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 10 10 11 11 12 12
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q 34.90244 34.90244 -15.9818 -15.9818 -17.8098 -17.8098
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 77.86174 77.86174 -7.26357 -7.26357 13.83561 13.83561
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 53.44922 53.44922 -5.3545 -5.3545 -3.56168 -3.56168
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H 7.806267 7.806267 -6.64606 -6.64606 -8.54491 -8.54491
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K 3.38525 3.38525 -5.42017 -5.42017 -5.86026 -5.86026
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D 26.37885 26.37885 -4.61825 -4.61825 -6.34004 -6.34004
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y 2.068571 2.068571 -7.73704 -7.73704 -8.12188 -8.12188
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P 7.138491 7.138491 -3.41502 -3.41502 -3.57547 -3.57547
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S 50.31376 84.22832 -2.93219 -3.4073 6.592385 74.77807
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y 72.32368 85.30851 -3.11666 -2.90797 33.6432 76.06382
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q 66.51903 85.92153 -3.00255 -3.00092 42.40838 76.22799
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R 50.78709 86.02486 -5.03779 -2.83771 -0.34555 75.0606
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y 27.7416 84.33265 -5.21949 -3.75333 -5.07626 59.61445
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P 83.10036 84.66779 -2.60149 -3.23415 36.83785 74.738
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R 84.06202 85.20973 -2.23356 -2.14703 45.48413 74.67908
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 60.24778 82.81043 -2.91201 -4.98538 -2.40095 62.6302
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q 29.58067 48.48469 -7.70878 -4.59509 -7.59642 -4.47731
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C 3.14076 3.14076 -2.73329 -2.73329 -4.04453 -4.04453
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -2.61696 -2.61696 -5.30176 -5.30176 -7.15365 -7.15365
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -1.25619 -1.25619 -5.6368 -5.6368 -6.99015 -6.99015
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C 1.889151 1.889151 -2.5663 -2.5663 -3.97514 -3.97514
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -1.04855 -1.04855 -4.3117 -4.3117 -6.11518 -6.11518
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I 7.531052 7.531052 -1.80271 -1.80271 -3.2052 -3.2052
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q 2.154222 2.154222 -2.02491 -2.02491 -3.8255 -3.8255
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 5.984522 5.984522 -1.65396 -1.65396 -3.44586 -3.44586
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 15.79713 15.79713 -1.43365 -1.43365 -3.0482 -3.0482
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 65.87531 65.87531 -1.72775 -1.72775 -2.8405 -2.8405
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E 77.20752 77.20752 -9.6337 -9.6337 -9.67242 -9.67242
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L 78.60053 78.60053 -7.29348 -7.29348 -8.90514 -8.90514
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C 22.67847 22.67847 -6.33612 -6.33612 -8.29259 -8.29259
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A 5.618181 5.618181 -10.2303 -10.2303 -11.5797 -11.5797
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C 8.58615 8.58615 -6.90792 -6.90792 -9.54587 -9.54587
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V 26.91765 26.91765 -3.5382 -3.5382 -4.03282 -4.03282
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G 6.356191 6.356191 -2.08482 -2.08482 -3.06192 -3.06192
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y 11.51741 11.51741 -1.55191 -1.55191 -3.01738 -3.01738
m (blanks) 9362.16 8731.827506 10648.40678
s (blanks) 586.3116638 301.7226214 649.1258417
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Table A29: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 2.02_P and Ara 12.02_Hyp for each peanut-allergic patient

(patients 13-15) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 13 13 14 14 15 15
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -14.7109 -14.7109 -14.3288 -14.3288 -17.7549 -17.7549
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -6.53269 -6.53269 -5.55297 -5.55297 -1.04593 -1.04593
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -5.32674 -5.32674 -5.67415 -5.67415 -6.20294 -6.20294
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -6.27821 -6.27821 -5.90228 -5.90228 -6.9653 -6.9653
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -4.49461 -4.49461 -4.52588 -4.52588 -6.44673 -6.44673
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -4.40416 -4.40416 -4.17412 -4.17412 -5.35961 -5.35961
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.26123 -7.26123 -6.38768 -6.38768 -9.64886 -9.64886
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -2.72192 -2.72192 -2.5178 -2.5178 -2.71822 -2.71822
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S -2.00622 -1.35399 -1.77138 -2.531 1.068816 79.90971
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y -2.3318 0.3073 -1.92091 -2.18041 29.87652 81.07799
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q -2.49577 0.066333 -2.37182 -1.83871 38.76177 81.38324
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R -4.8039 0.32162 -4.48874 -1.64348 22.02419 81.31837
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -4.34112 -2.46701 -4.29739 -2.98603 2.572304 79.24477
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P -1.33105 0.982156 -1.36214 -2.48407 61.6226 80.16823
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R -0.60319 1.642752 -1.0109 -1.25573 37.38926 80.4774
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -2.42721 -3.5721 -2.66344 -3.22683 20.554 77.17393
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -5.97438 -4.0885 -7.10543 -3.92467 6.379057 9.471324
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -1.68813 -1.68813 -1.66895 -1.66895 -1.05645 -1.05645
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -4.68084 -4.68084 -5.00329 -5.00329 -6.15518 -6.15518
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -4.54011 -4.54011 -4.65663 -4.65663 -6.01381 -6.01381
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -1.35293 -1.35293 -1.74551 -1.74551 -2.57572 -2.57572
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -3.17075 -3.17075 -2.8896 -2.8896 -5.67057 -5.67057
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -0.02071 -0.02071 0.275816 0.275816 -3.3901 -3.3901
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -0.47059 -0.47059 -0.77225 -0.77225 -3.96937 -3.96937
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 0.138865 0.138865 -0.45385 -0.45385 -3.6236 -3.6236
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 0.667789 0.667789 0.84444 0.84444 -3.10565 -3.10565
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 0.539898 0.539898 0.61623 0.61623 -3.08725 -3.08725
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -7.87056 -7.87056 -7.8961 -7.8961 10.38215 10.38215
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -6.19471 -6.19471 -6.42128 -6.42128 70.46785 70.46785
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -5.96223 -5.96223 -5.55134 -5.55134 2.545822 2.545822
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -9.09529 -9.09529 -9.14142 -9.14142 -9.87605 -9.87605
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -6.4216 -6.4216 -6.27616 -6.27616 -8.034 -8.034
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -2.23392 -2.23392 -1.61153 -1.61153 -2.77147 -2.77147
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -0.64646 -0.64646 -0.17488 -0.17488 -3.13321 -3.13321
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -0.38634 -0.38634 -0.16585 -0.16585 -2.6509 -2.6509
m (blanks) 9020.593472 9055.216301 8750.54717
s (blanks) 199.1464024 198.9558915 626.7018591
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Table A30: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.02_P and Ara [2.02_Hyp for each peanut-allergic patient
(patients 16-18) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 16 16 17 17 18 18
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -16.5582 -16.5582 -16.3451 -16.3451 -16.0744 -16.0744
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -7.88047 -7.88047 73.6812 73.6812 93.44976 93.44976
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -6.79672 -6.79672 69.92526 69.92526 19.02107 19.02107
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.78089 -7.78089 -5.34555 -5.34555 -1.88096 -1.88096
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -5.58071 -5.58071 -6.04793 -6.04793 -1.47517 -1.47517
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -5.87647 -5.87647 -4.98714 -4.98714 3.853184 3.853184
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.18918 -7.18918 -9.06053 -9.06053 -6.0447 -6.0447
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -3.88417 -3.88417 -4.33335 -4.33335 2.11779 2.11779
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S -3.25817 12.33794 -3.93747 62.30287 78.82741 107.5541
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y -3.51459 8.145488 -4.04732 77.20336 78.66647 108.9296
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q -3.45577 6.274935 -3.79449 76.275 84.739 109.3633
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R -6.02554 7.737454 -6.46408 76.65061 93.56194 109.1726
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -5.21583 -1.69664 -5.62321 59.35653 20.20769 106.7326
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P -3.04125 14.80113 -0.07724 62.07124 103.6341 108.0219
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R -2.61734 21.69133 -2.19527 48.79285 106.82 108.4642
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -3.86616 2.28513 -4.43115 26.62258 88.44766 105.5339
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -7.82748 -4.6469 -8.35633 -3.27074 45.5348 66.87927
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -2.92936 -2.92936 -4.08974 -4.08974 5.658221 5.658221
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.17857 -6.17857 -7.13607 -7.13607 -5.22368 -5.22368
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -5.99052 -5.99052 -6.96013 -6.96013 -5.49551 -5.49551
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -2.88884 -2.88884 -3.81331 -3.81331 -1.56216 -1.56216
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -4.64394 -4.64394 -6.1348 -6.1348 -3.53141 -3.53141
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -2.09137 -2.09137 -3.44831 -3.44831 -2.26763 -2.26763
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -2.36326 -2.36326 -3.75596 -3.75596 -2.51895 -2.51895
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -1.99669 -1.99669 -3.23375 -3.23375 -2.46322 -2.46322
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -1.855 -1.855 -2.89908 -2.89908 -0.94734 -0.94734
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -1.90765 -1.90765 -2.81963 -2.81963 3.373468 3.373468
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -9.75742 -9.75742 -9.94956 -9.94956 48.1538 48.1538
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -7.98079 -7.98079 -7.40712 -7.40712 92.42276 92.42276
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -7.03544 -7.03544 -7.38833 -7.38833 2.326035 2.326035
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.9152 -10.9152 -11.1958 -11.1958 -6.0797 -6.0797
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.06822 -8.06822 -8.76832 -8.76832 -6.26779 -6.26779
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -2.79967 -2.79967 -4.58202 -4.58202 17.70899 17.70899
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -2.13639 -2.13639 -2.95943 -2.95943 -0.56794 -0.56794
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -2.01333 -2.01333 -2.15571 -2.15571 4.860977 4.860977
m (blanks) 9243.229314 11596.62551 10027.6129
s (blanks) 319.4069177 597.7429055 465.2042138
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Table A31: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 2.02_P and Ara 12.02_Hyp for each peanut-allergic patient

(patients 19-21) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 19 19 20 20 21 21
Ara h 2.02_P/Hyp P Hyp P Hyp =] Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -18.8479 -18.8479 -17.3958 -17.3958 -10.692 -10.692
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -9.49114 -9.49114 -6.4329 -6.4329 19.0295 19.0295
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -8.42145 -8.42145 -6.93501 -6.93501 13.57041 13.57041
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -8.77158 -8.77158 -8.27701 -8.27701 -5.72108 -5.72108
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -6.98684 -6.98684 -6.24875 -6.24875 -1.95257 -1.95257
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -6.83238 -6.83238 -6.1527 -6.1527 -0.91571 -0.91571
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -9.69779 -9.69779 -9.08661 -9.08661 -4.9797 -4.9797
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -3.68507 -3.68507 -4.02065 -4.02065 17.86603 17.86603
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S -3.48435 -3.61603 -3.62969 64.50912 25.56568 25.72075
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y -3.60383 -1.79459 -3.76597 43.26565 25.20641 26.34223
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q -2.15981 -1.60427 -3.61184 23.75118 25.50286 26.50584
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R -6.25716 -3.11351 -5.98617 15.24659 22.91885 26.49105
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -6.10546 -4.81832 -5.62803 -1.11197 22.27196 25.12514
14 P-S-Q-D-P-D-R-R-D-P-Y-S-  P-S-P -3.63024 -4.40949 -3.29726 48.99579 25.71304 25.2796
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R -3.27886 -3.74271 -2.65569 21.30513 25.9943 26.03679
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -5.60346 -5.98881 -4.82291 -1.36421 22.88784 23.93745
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -9.11512 -5.9428 -8.38959 -4.50856 9.59778 14.18211
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.8364 -3.8364 -3.68774 -3.68774 3.213946 3.213946
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -7.07964 -7.07964 -6.42866 -6.42866 -1.99622 -1.99622
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.79922 -6.79922 -6.31247 -6.31247 -2.80329 -2.80329
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -4.0151 -4.0151 -3.59415 -3.59415 -0.28184 -0.28184
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -6.06909 -6.06909 -5.35637 -5.35637 -3.97071 -3.97071
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -3.32256 -3.32256 -2.67321 -2.67321 -2.68056 -2.68056
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.91461 -3.91461 -3.04905 -3.04905 -1.86458 -1.86458
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -4.33977 -4.33977 -2.56758 -2.56758 -3.84413 -3.84413
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -4.13791 -4.13791 -2.10077 -2.10077 1.544414 1.544414
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -4.25733 -4.25733 -2.56136 -2.56136 -3.28397 -3.28397
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -11.4855 -11.4855 -9.94244 -9.94244 -2.78567 -2.78567
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -9.66175 -9.66175 -8.53565 -8.53565 -4.83594 -4.83594
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -8.42903 -8.42903 -7.12196 -7.12196 -5.8296 -5.8296
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -11.7138 -11.7138 -10.6796 -10.6796 -8.4868 -8.4868
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -9.51595 -9.51595 -8.86204 -8.86204 -6.96985 -6.96985
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -4.76539 -4.76539 -3.82666 -3.82666 17.7496 17.7496
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -2.91999 -2.91999 -2.45186 -2.45186 1.036338 1.036338
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -3.39666 -3.39666 -2.33222 -2.33222 2.99955 2.99955
m (blanks) 26168.36654 8583.473684 10659.28796
s (blanks) 9679.687758 342.5203501 1674.184356
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Table A32: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.02_P and Ara [2.02_Hyp for each peanut-allergic patient
(patients 22-23) and peanut tolerant patient 24 are listed. Identified cand idate diagnostic peptides are highlighted

in light blue. Prolines undergoing post-translational hydroxylation are written in bold and blue.

Patient No. : 22 22 23 23 24 24
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -16.6399 -16.6399 -15.6171 -15.6171 -15.6128 -15.6128
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -1.27362 -1.27362 62.1056 62.1056 -6.93763 -6.93763
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -6.23693 -6.23693 -3.79314 -3.79314 -6.10302 -6.10302
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.25223 -7.25223 -7.62967 -7.62967 -5.98791 -5.98791
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -5.94598 -5.94598 -6.10374 -6.10374 -5.26139 -5.26139
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -5.22242 -5.22242 -5.85019 -5.85019 -4.81836 -4.81836
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -9.05493 -9.05493 -9.1365 -9.1365 -7.30082 -7.30082
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -2.67299 -2.67299 -1.72329 -1.72329 -3.81174 -3.81174
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S 18.78786 83.51056 43.00367 77.58335 -3.65628 -3.57369
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y 8.467562 84.87044 74.53287 78.84682 -3.21307 -2.64413
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q 13.36838 85.17403 75.01098 79.14414 -3.37094 -2.67438
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R 0.279667 84.53657 66.3178 76.41504 -5.1492 -2.928
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -3.85541 78.73708 2.315558 54.56675 -5.17933 -4.35594
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P 59.94622 83.5708 73.13518 76.60482 -3.37142 -4.01812
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R 81.92574 83.26128 30.96051 75.19209 -2.48481 -2.88866
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 8.764985 78.6878 2.406967 60.40548 -4.51761 -4.82614
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -5.12402 1.574228 -7.26903 -2.91505 -8.00328 -4.56013
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.75026 -3.75026 -3.80419 -3.80419 -3.26279 -3.26279
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.92884 -6.92884 -6.88913 -6.88913 -5.90084 -5.90084
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.56524 -6.56524 -6.76973 -6.76973 -5.42116 -5.42116
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -3.98639 -3.98639 -4.3532 -4.3532 -3.27003 -3.27003
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -6.14108 -6.14108 -6.44635 -6.44635 -5.6705 -5.6705
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -3.57284 -3.57284 -3.9137 -3.9137 -2.30145 -2.30145
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.97929 -3.97929 -4.41712 -4.41712 -3.03544 -3.03544
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -3.83171 -3.83171 -4.11809 -4.11809 -2.44722 -2.44722
26 Q-Q-1-M-E-N-Q-S-D-R-L-Q-G-R-Q -3.38208 -3.38208 -2.7914 -2.7914 -2.48563 -2.48563
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -3.52935 -3.52935 54.65392 54.65392 -2.59404 -2.59404
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -8.25758 -8.25758 0.726862 0.726862 -7.54432 -7.54432
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -7.0386 -7.0386 -6.25742 -6.25742 -6.91186 -6.91186
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -6.46838 -6.46838 -6.71567 -6.71567 -6.0481 -6.0481
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.2871 -10.2871 -10.5324 -10.5324 -9.99401 -9.99401
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.18412 -8.18412 -8.81047 -8.81047 -7.39489 -7.39489
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -1.04865 -1.04865 -4.0538 -4.0538 -3.69785 -3.69785
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -3.00073 -3.00073 -3.54872 -3.54872 -2.4918 -2.4918
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -2.95311 -2.95311 -3.41797 -3.41797 -2.08355 -2.08355
m (blanks) 9950.296073 9928.151057 11096.52677
s (blanks) 595.2847421 639.6703802 403.5663398
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Table A33: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 2.02_P and Ar h 2.02_Hyp for each peanut-tolerant patient

(patients 25-27) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 25 25 26 26 27 27
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -14.403 -14.403 -20.1323 -20.1323 -15.8076 -15.8076
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -6.01015 -6.01015 -11.0327 -11.0327 -7.75596 -7.75596
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -4.21737 -4.21737 -9.42864 -9.42864 -6.5184 -6.5184
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -5.8365 -5.8365 -10.5685 -10.5685 -6.50266 -6.50266
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -2.75056 -2.75056 -8.66636 -8.66636 -5.51326 -5.51326
6 L-R-P-C-E-Q-H-L-M-Q-K-1-Q-R-D -3.41084 -3.41084 -8.21585 -8.21585 -4.89704 -4.89704
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -4.66993 -4.66993 -10.4581 -10.4581 -5.48119 -5.48119
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -1.79677 -1.79677 -4.92707 -4.92707 -3.66846 -3.66846
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S -1.18686 -1.14554 -4.79511 -5.12586 -3.57062 -3.39634
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y -1.27223 -1.56579 -5.57113 -4.56328 -3.53157 -2.98436
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q -2.128 -1.11102 -5.04653 -4.37128 -3.61886 -2.9536
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R -5.09737 -1.42652 -7.67512 -4.51794 -5.50608 -3.10037
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -4.76824 -2.90976 -6.95129 -5.41135 -5.27544 -3.98097
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P -2.80302 -3.23118 -3.72821 -4.76003 -3.36815 -4.23602
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R -1.94835 -2.00659 -3.12656 -4.50188 -2.8941 -3.01485
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -0.99995 -2.55159 -4.747 -6.69918 -2.31304 -4.70111
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -5.90191 -2.28449 -8.72375 -6.42734 -5.73057 -4.61289
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -2.67444 -2.67444 -4.25869 -4.25869 -2.96116 -2.96116
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -4.9155 -4.9155 -6.65536 -6.65536 -4.50414 -4.50414
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.44484 -6.44484 -6.1806 -6.1806 -5.24058 -5.24058
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -3.0167 -3.0167 -3.12349 -3.12349 -3.09262 -3.09262
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -6.04653 -6.04653 -4.62019 -4.62019 -4.84881 -4.84881
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -3.10656 -3.10656 -1.16117 -1.16117 -2.69461 -2.69461
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -4.14433 -4.14433 -1.99643 -1.99643 -3.23534 -3.23534
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -4.03421 -4.03421 -0.39939 -0.39939 -2.35837 -2.35837
26 Q-Q-1-M-E-N-Q-S-D-R-L-Q-G-R-Q -3.44764 -3.44764 -0.85233 -0.85233 -2.38317 -2.38317
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -4.00782 -4.00782 -0.56959 -0.56959 -2.73132 -2.73132
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -5.2364 -5.2364 -12.9257 -12.9257 -8.22009 -8.22009
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -4.88895 -4.88895 -11.0496 -11.0496 -6.83468 -6.83468
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -5.22516 -5.22516 -9.88632 -9.88632 -5.72654 -5.72654
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -8.234 -8.234 -13.1876 -13.1876 -9.69944 -9.69944
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -5.45557 -5.45557 -10.8999 -10.8999 -6.14743 -6.14743
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -3.20642 -3.20642 -3.71805 -3.71805 -4.00955 -4.00955
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -2.7347 -2.7347 -2.00099 -2.00099 -2.88625 -2.88625
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -3.44037 -3.44037 -2.57086 -2.57086 -2.46464 -2.46464
m (blanks) 12197.20253 14751.29909 11851.53209
s (blanks) 1714.718816 1597.646395 461.1748893
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Table A34: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.02_P and A h 2.02_Hyp for each peanut-tolerant patient
(patients 28-30) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 28 28 29 29 30 30
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -16.1315 -16.1315 -16.1435 -16.1435 -15.9711 -15.9711
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -7.62222 -7.62222 -7.85828 -7.85828 -7.33023 -7.33023
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -6.51832 -6.51832 -6.36353 -6.36353 -6.01509 -6.01509
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.1998 -7.1998 -6.85042 -6.85042 -7.36758 -7.36758
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -5.88483 -5.88483 -5.49648 -5.49648 -5.17322 -5.17322
6 L-R-P-C-E-Q-H-L-M-Q-K-1-Q-R-D -5.37518 -5.37518 -5.67097 -5.67097 -5.48496 -5.48496
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.81996 -7.81996 -8.11885 -8.11885 -7.48527 -7.48527
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -3.69535 -3.69535 -3.59731 -3.59731 -3.20791 -3.20791
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S -3.49115 -3.62824 -3.27909 -3.27572 -3.03397 -2.58144
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y -3.70136 -3.24205 -3.77391 -3.16094 -2.61581 -2.45374
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q -3.65632 -2.95437 -3.64009 -2.67947 -3.03246 -2.44833
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R -5.30146 -3.35017 -6.09627 -2.80763 -5.13155 -2.57004
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -5.52756 -4.46523 -5.8605 -4.17182 -5.35814 -3.59143
14 P-S-Q-D-P-D-R-R-D-P-Y-S-  P-S-P -3.23503 -4.38033 -3.24756 -4.06172 -3.12249 -3.59327
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R -2.53177 -3.563275 -3.06847 -3.05561 -2.38001 -2.52177
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -4.27148 -5.02536 -4.76046 -4.34831 -4.51062 -3.90443
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -8.21094 -4.92154 -8.42008 -4.79801 -8.56386 -3.83761
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.66215 -3.66215 -3.48713 -3.48713 -3.19686 -3.19686
19 A-G-S-5-Q-H-Q-E-R-C-C-N-E-L-N -6.32261 -6.32261 -6.81214 -6.81214 -6.37968 -6.37968
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -5.95125 -5.95125 -6.45309 -6.45309 -6.22553 -6.22553
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -3.14778 -3.14778 -3.77435 -3.77435 -3.46751 -3.46751
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -4.51958 -4.51958 -5.66493 -5.66493 -5.56529 -5.56529
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -2.33378 -2.33378 -2.62856 -2.62856 -2.58738 -2.58738
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.03036 -3.03036 -3.31512 -3.31512 -3.03907 -3.03907
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -2.53202 -2.53202 -2.97149 -2.97149 -3.11186 -3.11186
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -2.26669 -2.26669 -2.66838 -2.66838 -2.34768 -2.34768
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -2.94247 -2.94247 -3.2777 -3.2777 -2.67929 -2.67929
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -8.78904 -8.78904 -8.71254 -8.71254 -8.29625 -8.29625
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -7.47421 -7.47421 -7.13505 -7.13505 -6.33661 -6.33661
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -6.09591 -6.09591 -6.60001 -6.60001 -5.74918 -5.74918
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.1136 -10.1136 -9.76832 -9.76832 -9.37562 -9.37562
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.27336 -8.27336 -8.33809 -8.33809 -6.6277 -6.6277
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -4.03221 -4.03221 -4.21291 -4.21291 -3.91574 -3.91574
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -2.59168 -2.59168 -2.56094 -2.56094 -2.35896 -2.35896
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -2.51655 -2.51655 -2.64113 -2.64113 -2.72016 -2.72016
m (blanks) 12315.06472 14543.81696 10913.91392
s (blanks) 500.0454477 384.1710475 327.9266085
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Table A35: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.

The calculated Z-scores of every peptide of Ara h 2.02_P and A& h 2.02_Hyp for each peanut-tolerant patient

(patients 31-33) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 31 31 32 32 33 33
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -16.7887 -16.7887 -17.6274 -17.6274 -17.2259 -17.2259
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -8.26537 -8.26537 -9.33768 -9.33768 -8.87163 -8.87163
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -7.21115 -7.21115 -7.48401 -7.48401 -7.74605 -7.74605
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -7.50519 -7.50519 -8.15567 -8.15567 -8.1327 -8.1327
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -5.76727 -5.76727 -6.25402 -6.25402 -6.31786 -6.31786
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -5.36563 -5.36563 -6.01389 -6.01389 -6.26277 -6.26277
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -7.98976 -7.98976 -8.45314 -8.45314 -8.70007 -8.70007
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -3.74177 -3.74177 -3.60259 -3.60259 -3.32361 -3.32361
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S -3.11096 -3.82048 -3.53286 -3.63712 -3.46966 -3.23009
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y -3.87964 -3.42876 -3.69769 -3.29237 -4.08521 -2.98918
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q -3.23456 -3.11786 -3.48462 -2.95103 -3.52998 -2.85084
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R -5.73338 -3.24004 -5.86751 -2.93437 -5.89253 -2.81504
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -5.38817 -4.34514 -5.22774 -4.24214 -5.47836 -3.8711
14 P-S-Q-D-P-D-R-R-D-P-Y-S-  P-S-P -2.8756 -4.13089 -3.38196 -4.05179 -3.07563 -3.79069
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R -2.53524 -3.4115 -2.46068 -2.98029 -2.71924 -3.01664
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -4.28348 -5.14944 -4.7494 -5.12299 -4.74462 -4.93864
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -7.46789 -5.10172 -8.23087 -5.31731 -8.20714 -5.23644
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.30554 -3.30554 -3.56242 -3.56242 -3.44765 -3.44765
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.22196 -6.22196 -6.68035 -6.68035 -6.32937 -6.32937
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.01436 -6.01436 -6.0449 -6.0449 -6.11147 -6.11147
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -2.99621 -2.99621 -3.52031 -3.52031 -3.64677 -3.64677
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -4.84845 -4.84845 -5.27068 -5.27068 -5.33036 -5.33036
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -2.33978 -2.33978 -2.60911 -2.60911 -2.71434 -2.71434
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -2.46843 -2.46843 -3.07917 -3.07917 -2.84428 -2.84428
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -2.30882 -2.30882 -2.66893 -2.66893 -2.48194 -2.48194
26 Q-Q-1-M-E-N-Q-S-D-R-L-Q-G-R-Q -1.56976 -1.56976 -2.20574 -2.20574 -2.23401 -2.23401
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -1.58082 -1.58082 -2.62377 -2.62377 -2.60475 -2.60475
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -9.70918 -9.70918 -10.1905 -10.1905 -10.0671 -10.0671
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -8.15775 -8.15775 -8.71408 -8.71408 -8.68301 -8.68301
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -7.50076 -7.50076 -7.40233 -7.40233 -7.62749 -7.62749
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -10.8529 -10.8529 -10.8681 -10.8681 -10.9929 -10.9929
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -8.66204 -8.66204 -8.77289 -8.77289 -8.81125 -8.81125
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -4.02328 -4.02328 -4.092 -4.092 -3.81373 -3.81373
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -2.43007 -2.43007 -2.73686 -2.73686 -2.48301 -2.48301
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -2.58709 -2.58709 -2.32541 -2.32541 -2.34124 -2.34124
m (blanks) 12100.85777 11909.87841 10981.51739
s (blanks) 429.7547642 4446552176 408.3888554
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Table A36: Calculated Z-scores of Ara h 2.02 peptides after control subtraction.
The calculated Z-scores of every peptide of Ara h 2.02_P and Ar h 2.02_Hyp for each peanut-tolerant patient
(patients 34-35) are listed. Identified candidate diagnostic peptides are highlighted in light blue. Prolines undergoing

post-translational hydroxylation are written in bold and blue.

Patient No. : 34 34 35 35
Ara h 2.02_P/Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q -17.8392 -17.8392 -17.6687 -17.6687
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A -9.23519 -9.23519 -9.06935 -9.06935
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P -7.68299 -7.68299 -7.94408 -7.94408
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H -8.78861 -8.78861 -8.12819 -8.12819
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K -6.77961 -6.77961 -6.44503 -6.44503
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D -7.07231 -7.07231 -6.37625 -6.37625
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y -9.6506 -9.6506 -9.02647 -9.02647
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P -4.04325 -4.04325 -3.78481 -3.78481
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S -3.59317 -3.50408 -3.75328 -3.59785
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y -4.24893 -2.97865 -4.3359 -3.12068
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q -4.17696 -2.72633 -4.08341 -2.81681
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R -6.19456 -2.85261 -6.57513 -2.87537
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y -5.88062 -3.6198 -5.7963 -3.95325
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P -3.54907 -4.02637 -3.48704 -3.82419
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R -2.28729 -2.80698 -2.96976 -3.21163
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S -3.89956 -4.71507 -5.56081 -4.73287
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q -7.72748 -5.63145 -8.82928 -4.91599
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C -3.83128 -3.83128 -4.13538 -4.13538
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N -6.68164 -6.68164 -6.94447 -6.94447
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N -6.77929 -6.77929 -6.5081 -6.5081
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -4.40655 -4.40655 -4.12249 -4.12249
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A -6.03547 -6.03547 -5.79592 -5.79592
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I -2.6388 -2.6388 -3.05105 -3.05105
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q -3.72641 -3.72641 -3.42906 -3.42906
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L -3.69882 -3.69882 -2.84092 -2.84092
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q -3.35388 -3.35388 -2.8154 -2.8154
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q -3.81816 -3.81816 -3.23611 -3.23611
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E -10.5205 -10.5205 -10.2296 -10.2296
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L -8.51213 -8.51213 -8.55121 -8.55121
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C -7.67201 -7.67201 -7.68731 -7.68731
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A -11.328 -11.328 -10.7786 -10.7786
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C -9.15491 -9.15491 -9.04834 -9.04834
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -3.78171 -3.78171 -3.91315 -3.91315
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -2.61758 -2.61758 -2.66655 -2.66655
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -3.25986 -3.25986 -2.5693 -2.5693
m (blanks) 12530.63095 10368.17722
s (blanks) 506.3960279 455.1615403
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Table A37: Calculated Z-scores of Ara h 2.02 peptides of controls.
The calculated Z-scores of every peptide of Ara h 2.02_P and Ara h 2.0Hyp for each control are listed. Numbers
written behind control sera represent the respective developed X-ray fim. Prolines undergoing post-translational

hydroxylation are written in bold and blue.

Control No. : N_2 N_2 N_3 N_3 N_4 N_4
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-5-Q 2.618215 2.618215 2.289753 2.289753 3.022174 3.022174
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 2.46384 2.46384 1.745793 1.745793 2.937296 2.937296
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 2.178675 2.178675 1.569007 1.569007 2.746965 2.746965
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H 2.208692 2.208692 1.617963 1.617963 2.394596 2.394596
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K 2.324473 2.324473 1.66148 1.66148 2.152824 2.152824
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D 2.315897 2.315897 0.899936 0.899936 1.671852 1.671852
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y 2.789743 2.789743 1.481973 1.481973 1.952205 1.952205
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P 0.553448 0.553448 0.296141 0.296141 0.6096 0.6096
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S 0.482693 -0.17126 0.608918 -0.06287 0.666185 0.50929
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y 0.950106 0.056017 0.546363 -0.21246 0.751062 0.529866
11 R-D-P-Y-S- P-S-Q-D-P-Y-S-  P-S-Q 0.956539 0.028144 0.551802 -0.23966 0.542727 0.419269
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R 1.168804 0.051729 0.598039 -0.04111 0.902812 0.607028
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y 0.289724 0.049585 0.328779 0.054079 0.421841 0.465565
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P 0.279004 -0.23129 0.508286 -0.11183 0.48357 0.311243
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R 0.435523 -0.28489 0.875458 0.116635 0.3704 0.329247
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 2.255862 0.257563 2.390385 0.200948 1.455801 1.468661
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q 2.045741 0.017424 2.512776 -0.07647 1.257754 1.059707
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C 1.170949 1.170949 1.174636 1.174636 0.671329 0.671329
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N 1.597624 1.597624 1.131119 1.131119 0.535011 0.535011
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N 1.040159 1.040159 0.826502 0.826502 0.411553 0.411553
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C 1.014429 1.014429 0.98969 0.98969 0.645608 0.645608
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A 0.920089 0.920089 0.85098 0.85098 0.691905 0.691905
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I 0.514854 0.514854 1.579886 1.579886 0.625032 0.625032
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q 0.825749 0.825749 0.823782 0.823782 0.694477 0.694477
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 0.881495 0.881495 1.234472 1.234472 0.828223 0.828223
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 1.32318 1.32318 2.053131 2.053131 0.398692 0.398692
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 0.892216 0.892216 1.688678 1.688678 0.645608 0.645608
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E 1.434673 1.434673 2.009614 2.009614 2.422888 2.422888
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L 1.546166 1.546166 1.949778 1.949778 2.574639 2.574639
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C 1.514004 1.514004 2.080329 2.080329 2.129676 2.129676
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A 1.218119 1.218119 1.626122 1.626122 2.157968 2.157968
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C 2.009291 2.009291 1.751233 1.751233 1.988213 1.988213
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V -0.00831 -0.00831 1.182795 1.182795 0.542727 0.542727
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -0.04047 -0.04047 0.793864 0.793864 0.535011 0.535011
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y 0.049585 0.049585 0.668754 0.668754 0.437273 0.437273
m (blanks) 9170.873662 8143.116379 11455.98985
s (blanks) 466.3965312 367.6744314 388.7963548
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Table A38: Calculated Z-scores of Ara h 2.02 peptides of controls.
The calculated Z-scores of every peptide of Ara h 2.02_P and Ara h 2.02Hyp for each control are listed. Numbers
written behind control sera represent the respective developed X-ray fim. Prolines undergoing post-translational

hydroxylation are written in bold and blue.

Control No. : DLab71S1_1| DLab71S1_1| DLab71S1_2| DLab71S1_2| DLab71S1_3| DLab71S1_3
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-5-Q 2.490168 2.490168 2.887099 2.887099 2.550297 2.550297
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 1.48453 1.48453 2.551398 2.551398 2.118537 2.118537
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 1.005075 1.005075 2.418741 2.418741 2.128406 2.128406
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H 0.633293 0.633293 2.080332 2.080332 0.976222 0.976222
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K 1.04977 1.04977 1.768996 1.768996 1.193336 1.193336
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D 1.02539 1.02539 1.590316 1.590316 0.976222 0.976222
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y 1.482499 1.482499 1.936847 1.936847 1.000894 1.000894
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P 0.023815 0.023815 0.688794 0.688794 0.240995 0.240995
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S 0.564219 -0.3886 1.373734 0.518236 0.724567 0.194118
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y 0.643451 -0.64255 0.864767 0.361215 0.601207 0.206454
11 R-D-P-Y-S- P-S-Q-D-P-Y-S-  P-S-Q 0.048195 -0.39469 0.501993 0.279996 0.285405 0.502519
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R 0.306207 -0.5369 0.515529 0.515529 0.238528 0.221258
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y 0.127427 -0.23623 0.718574 0.558845 0.134905 0.680157
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P 0.296049 -0.21998 0.407238 0.225851 0.28047 -0.10441
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R 0.29808 0.332617 0.501993 0.331435 0.440839 0.566666
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 1.48453 -0.09808 1.9937 1.495562 1.588088 0.512388
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q 1.370761 0.076637 1.766289 0.518236 1.889087 0.396429
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C 0.446387 0.446387 1.113836 1.113836 1.15386 1.15386
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N 0.657672 0.657672 0.918913 0.918913 0.618477 0.618477
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N 0.99898 0.99898 0.680673 0.680673 0.376691 0.376691
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C 1.027422 1.027422 0.518236 0.518236 0.603674 0.603674
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A 1.204171 1.204171 1.113836 1.113836 1.158795 1.158795
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I 1.393109 1.393109 0.761891 0.761891 0.640682 0.640682
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q 0.812073 0.812073 0.242095 0.242095 0.455642 0.455642
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 1.722227 1.722227 1.062398 1.062398 0.645616 0.645616
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 1.447962 1.447962 1.084056 1.084056 1.225409 1.225409
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 1.571889 1.571889 1.154445 1.154445 0.949082 0.949082
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E 1.244802 1.244802 3.017048 3.017048 2.261635 2.261635
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L 1.261055 1.261055 2.602836 2.602836 2.345519 2.345519
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C 0.8974 0.8974 2.17238 2.17238 1.935964 1.935964
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A 0.517492 0.517492 1.741923 1.741923 1.437589 1.437589
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C 1.324034 1.324034 2.296914 2.296914 2.505888 2.505888
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V 0.560156 0.560156 0.612991 0.612991 0.576535 0.576535
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G 0.470766 0.470766 0.109438 0.109438 0.260733 0.260733
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y 0.239164 0.239164 0.144633 0.144633 0.32488 0.32488
m (blanks) 11243.27745 11721.57619 9079.320513
s (blanks) 492.2247585 369.3755052 405.3172388
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Table A39: Calculated Z-scores of Ara h 2.02 peptides of controls.

The calculated Z-scores of every peptide of Ara h 2.02_P and Ara h 2.0Hyp for each control are listed. Numbers

written behind control sera represent the respective developed X-ray fim. Prolines undergoing post-translational

hydroxylation are written in bold and blue.

Control No. : DLab71S1_4| DLab71S1_4| DLab72S1_1| DLab72S1_1| DLab72S1_2| DLab72S1_2
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q 1.554046 1.554046 1.91215 1.91215 2.307903 2.307903
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 1.661996 1.661996 0.798671 0.798671 1.742894 1.742894
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 2.303697 2.303697 1.347073 1.347073 1.591359 1.591359
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H 1.627512 1.627512 0.704182 0.704182 1.420341 1.420341
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K 1.137241 1.137241 0.66157 0.66157 0.82719 0.82719
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D 0.828385 0.828385 0.291028 0.291028 1.032844 1.032844
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y 2.723501 2.723501 1.085841 1.085841 1.097788 1.097788
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P 0.444564 0.444564 -0.1036 -0.1036 0.305476 0.305476
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S 1.670992 0.165694 0.207656 -0.30925 0.396397 0.205896
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y 0.735429 0.056246 0.077966 -0.42968 0.563086 0.244862
11 R-D-P-Y-S- P-S-Q-D-P-Y-S- P-S-Q 0.598992 0.008268 0.002005 -0.5112 0.591228 0.229709
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R 1.723467 -0.08619 0.437392 -0.11472 0.515461 0.002406
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y 0.029258 0.038254 0.103904 -0.26108 0.350937 0.231874
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P 0.171692 0.273644 0.263237 -0.18697 0.251357 0.255686
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R 0.416078 -0.11018 0.294733 0.378105 0.17126 0.457011
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 1.042785 0.834382 1.185887 -0.04431 0.92677 0.699467
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q 0.141706 0.669459 0.596725 -0.14065 0.935429 0.47
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C 0.41158 0.41158 0.291028 0.291028 0.6237 0.6237
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N 0.254153 0.254153 0.498531 0.498531 0.686479 0.686479
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N 3.705542 3.705542 0.433687 0.433687 0.335783 0.335783
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C -0.00523 -0.00523 0.828314 0.828314 0.513296 0.513296
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A 0.551015 0.551015 0.909833 0.909833 0.539273 0.539273
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I 0.318623 0.318623 1.002469 1.002469 0.396397 0.396397
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q 0.048749 0.048749 0.568934 0.568934 0.580404 0.580404
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 0.416078 0.416078 1.076577 1.076577 0.467835 0.467835
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 0.387591 0.387591 1.178476 1.178476 0.359596 0.359596
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 0.210673 0.210673 1.302608 1.302608 0.664831 0.664831
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E 3.834482 3.834482 1.636096 1.636096 1.745059 1.745059
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L 1.576536 1.576536 1.967731 1.967731 1.548063 1.548063
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C 2.140273 2.140273 0.991352 0.991352 1.257982 1.257982
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A 0.912346 0.912346 0.454066 0.454066 1.766706 1.766706
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C 1.52556 1.52556 1.247026 1.247026 1.322925 1.322925
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V 0.02476 0.02476 0.961709 0.961709 0.22105 0.22105
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G -0.16715 -0.16715 0.66157 0.66157 0.16693 0.16693
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y -0.12067 -0.12067 0.289175 0.289175 0.374749 0.374749
m (blanks) 11903.48548 11209.91781 11229.88839
s (blanks) 666.977806 539.7497324 461.9395702
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Table A40: Calculated Z-scores of Ara h 2.02 peptides of controls and derived maximum Z  -score.
The calculated Z-scores of every peptide of Ara h 2.02_P and Ara h 22 Hyp for each control and the maximum Z-
score (Max.) of the controls are listed. Numbers written behind control sera represent the respective developed X-

ray film. Prolines undergoing post-translational hydroxylation are written in bold and blu e.

Control No. : DLab72S1_3| DLab72S1_3| DLab72S1_4| DLab72S1_4 Max. Max.
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 R-Q-Q-W-E-L-Q-G-D-R-R-C-Q-S-Q 2.898064 2.898064 18.05717 18.05717 18.05717 18.05717
2 E-L-Q-G-D-R-R-C-Q-S-Q-L-E-R-A 2.144974 2.144974 9.391927 9.391927 9.391927 9.391927
3 D-R-R-C-Q-S-Q-L-E-R-A-N-L-R-P 2.429927 2.429927 7.970057 7.970057 7.970057 7.970057
4 Q-S-Q-L-E-R-A-N-L-R-P-C-E-Q-H 1.663268 1.663268 8.459553 8.459553 8.459553 8.459553
5 E-R-A-N-L-R-P-C-E-Q-H-L-M-Q-K 1.699452 1.699452 6.600633 6.600633 6.600633 6.600633
6 L-R-P-C-E-Q-H-L-M-Q-K-I-Q-R-D 0.926009 0.926009 6.45495 6.45495 6.45495 6.45495
7 E-Q-H-L-M-Q-K-I-Q-R-D-E-D-S-Y 1.84419 1.84419 9.467682 9.467682 9.467682 9.467682
8 M-Q-K-I-Q-R-D-E-D-S-Y-G-R-D-P 0.328965 0.328965 3.949196 3.949196 3.949196 | 3.949196
9 Q-R-D-E-D-S-Y-G-R-D-P-Y-S- P-S 1.014209 -0.13239 3.820994 3.716102 3.820994 3.716102
10 D-S-Y-G-R-D-P-Y-S-  P-S-Q-D-P-Y 0.812933 -0.08263 4.287181 3.249915 4.287181 3.249915
11 R-D-P-Y-S- P-S-Q-D-P-Y-S-  P-S-Q 0.249811 -0.02836 3.98416 3.104232 3.98416 3.104232
12 S-P-S-Q-D-P-Y-S-  P-S-Q-D-P-D-R 0.860425 -0.04871 6.513223 3.110059 6.513223 | 3.110059
13 D-P-Y-S- P-S-Q-D-P-D-R-R-D-P-Y 0.326703 0.021397 6.035382 4.357109 6.035382 | 4.357109
14 P-S-Q-D-P-D-R-R-D-P-Y-S- P-S-P 0.116381 -0.06454 3.622865 4.252217 3.622865 4.252217
15 P-D-R-R-D-P-Y-S-  P-S-P-Y-D-R-R 0.55738 0.213627 3.26157 3.360635 3.26157 3.360635
16 D-P-Y-S- P-S-P-Y-D-R-R-G-A-G-S 1.789914 0.575472 5.703224 5.231209 5.703224 5.231209
17 P-S-P-Y-D-R-R-G-A-G-S-S-Q-H-Q 1.165731 0.168396 9.094733 5.225382 9.094733 | 5.225382
18 D-R-R-G-A-G-S-S-Q-H-Q-E-R-C-C 0.663672 0.663672 3.989987 3.989987 3.989987 | 3.989987
19 A-G-S-S-Q-H-Q-E-R-C-C-N-E-L-N 0.797102 0.797102 7.148403 7.148403 7.148403 7.148403
20 Q-H-Q-E-R-C-C-N-E-L-N-E-F-E-N 1.127285 1.127285 6.857036 6.857036 6.857036 | 6.857036
21 R-C-C-N-E-L-N-E-F-E-N-N-Q-R-C 1.631607 1.631607 4.07157 4.07157 4.07157 4.07157
22 E-L-N-E-F-E-N-N-Q-R-C-M-C-E-A 0.559641 0.559641 6.10531 6.10531 6.10531 6.10531
23 F-E-N-N-Q-R-C-M-C-E-A-L-Q-Q-I 0.299565 0.299565 3.26157 3.26157 3.26157 3.26157
24 Q-R-C-M-C-E-A-L-Q-Q-I-M-E-N-Q 0.091504 0.091504 3.646174 3.646174 3.646174 3.646174
25 C-E-A-L-Q-Q-I-M-E-N-Q-S-D-R-L 0.607133 0.607133 3.5238 3.5238 3.5238 3.5238
26 Q-Q-I-M-E-N-Q-S-D-R-L-Q-G-R-Q 0.844594 0.844594 3.366462 3.366462 3.366462 | 3.366462
27 E-N-Q-S-D-R-L-Q-G-R-Q-Q-E-Q-Q 0.659148 0.659148 3.710275 3.710275 3.710275 | 3.710275
28 D-R-L-Q-G-R-Q-Q-E-Q-Q-F-K-R-E 2.016067 2.016067 10.71473 10.71473 10.71473 10.71473
29 G-R-Q-Q-E-Q-Q-F-K-R-E-L-R-N-L 2.158543 2.158543 9.053941 9.053941 9.053941 | 9.053941
30 E-Q-Q-F-K-R-E-L-R-N-L-P-Q-Q-C 1.457469 1.457469 7.917611 7.917611 7.917611 7.917611
31 K-R-E-L-R-N-L-P-Q-Q-C-G-L-R-A 2.429927 2.429927 11.43732 11.43732 11.43732 11.43732
32 R-N-L-P-Q-Q-C-G-L-R-A-P-Q-R-C 2.090697 2.090697 9.351136 9.351136 9.351136 9.351136
33 Q-Q-C-G-L-R-A-P-Q-R-C-D-L-E-V 0.419426 0.419426 4.59603 4.59603 4.59603 4.59603
34 L-R-A-P-Q-R-C-D-L-E-V-E-S-G-G 0.344796 0.344796 2.993513 2.993513 2.993513 2.993513
35 Q-R-C-D-L-E-V-E-S-G-G-R-D-R-Y 0.148043 0.148043 2.964376 2.964376 2.964376 2.964376
m (blanks) 8431.538776 10277.29825
s (blanks) 442.1784235 171.6050136
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Table A41: Calculated Z-scores of Ara h 2.02 IgE inhibition experiments.

The calculated Z-scores of every peptide of Ara h 2.02_P/Hyp are listed for theuninhibited peanut serum pool plus protein

buffer without inhibitor (Pool -), for the peanut serum pool preincubated with rA ra h 2.02 (Pool + rAra h 2.02) , with native

peanut extract (Pool + n. extract) or with reduced/ alkylated peanut extract (Pool + r/a extract). Candidate diagnostic

peptides are highlighted in light blue.

IgE in_hibition Pool - Pool - Pool + Pool + Pool + Pool + Pool + Pool +
experiment : rAra h 2.02 rAra h 2.02 n. extract n. extract r/a extract r/a extract
Ara h 2.02_P/Hyp P Hyp P Hyp P Hyp P Hyp

Peptide No. ; Z-score Z-score Z-score Z-score Z-score Z-score Z-score Z-score
1 4.12296534 | 4.12296534 | 0.55734681 | 0.55734681 | 2.99895282 | 2.99895282 | 2.88260668 | 2.88260668
2 95.3657213 | 95.3657213 1.19291514 1.19291514 | 3.01729151 | 3.01729151 | 14.3761028 | 14.3761028
3 8.05564555 | 8.05564555 0.284365 0.284365 2.08201812 | 2.08201812 | 2.14294401 | 2.14294401
4 2.65321428 | 2.65321428 | -0.14490411 | -0.14490411 | 1.67398218 | 1.67398218 | 1.76952208 | 1.76952208
5 1.6333481 1.6333481 0.09265258 | 0.09265258 | 2.19205029 | 2.19205029 | 2.01009198 | 2.01009198
6 1.44843779 | 1.44843779 | 0.16975431 | 0.16975431 | 1.53644198 | 1.53644198 | 1.69052898 | 1.69052898
7 1.05955424 | 1.05955424 | 0.12599387 0.12599387 2.32042114 | 2.32042114 | 3.45351136 | 3.45351136
8 1.43128116 | 1.43128116 | 0.29686798 | 0.29686798 | 0.90834171 | 0.90834171 | 0.72465879 | 0.72465879
9 3.13550613 | 100.747183 | 0.11765855 | 100.672904 | 1.03671257 | 3.7279159 | 0.93291333 | 3.37092767
10 6.95762141 | 101.412479 | 0.25935903 101.81276 1.59145806 | 6.20822426 | 1.80542803 | 4.83589063
11 8.78956793 101.62789 0.18017347 102.019059 1.59604273 | 6.74004638 | 1.42841551 | 10.1679249
12 3.18316343 | 100.737652 | 0.29478415 76.32126 1.56395002 | 1.33930102 | 1.45354968 | 1.1160337
13 2.2223923 | 89.4714667 | 0.42189782 | 13.1249292 | 1.41265579 | 1.25677689 | 1.84133399 | 0.30455912
14 14.7257609 | 101.784206 | 0.39897568 | 100.816689 | 2.14161888 | 8.97736705 | 1.29197288 | 8.34749301
15 40.4025598 | 99.8416947 | 0.86575374 | 80.6452085 | 2.35709853 | 2.99436815 | 1.48945563 | 1.91673649
16 9.10029351 | 92.4128751 1.10747809 18.0677754 | 4.27807672 | 1.51351861 | 2.34042676 | 0.84314844
17 4.05052625 | 4.96745265 | 0.60527491 | 0.25310754 | 2.00866335 | 1.02754322 | 1.66898541 | 0.6420751
18 1.18918209 | 1.18918209 | -0.21367052 | -0.21367052 | 1.4630872 1.4630872 | 1.29915407 | 1.29915407
19 2.18617276 | 2.18617276 | 0.11349089 | 0.11349089 | 1.82986108 | 1.82986108 | 1.6761666 1.6761666
20 1.18346321 | 1.18346321 | 0.13849685 | 0.13849685 | 2.70553372 | 2.70553372 | 1.61153588 | 1.61153588
21 2.19379793 | 2.19379793 | -0.01362278 | -0.01362278 | 2.56799351 | 2.56799351 | 1.90237411 | 1.90237411
22 1.33024769 | 1.33024769 | 0.02805383 | 0.02805383 | 2.86599729 | 2.86599729 | 2.45532582 | 2.45532582
23 1.08624233 | 1.08624233 0.1551675 0.1551675 2.11411084 | 2.11411084 1.353013 1.353013
24 0.45144712 | 0.45144712 | 0.53025701 | 0.53025701 | 1.99490933 | 1.99490933 | 1.20579859 | 1.20579859
25 1.45415666 | 1.45415666 | 0.98661591 | 0.98661591 | 3.03104553 | 3.03104553 | 2.19321235 | 2.19321235
26 1.99173098 | 1.99173098 | 1.00328656 | 1.00328656 2.9164287 2.9164287 | 2.69948631 | 2.69948631
27 3.402387 3.402387 1.04079551 | 1.04079551 2.7422111 2.7422111 | 2.12499103 | 2.12499103
28 81.5622616 | 81.5622616 | 0.96160994 | 0.96160994 | 3.41157343 | 3.41157343 | 20.5447459 | 20.5447459
29 60.9304642 | 60.9304642 | 0.37188588 | 0.37188588 | 3.15483172 | 3.15483172 | 4.53428061 | 4.53428061
30 2.67608978 | 2.67608978 0.36980205 0.36980205 1.74275228 | 1.74275228 | 2.28297723 | 2.28297723
31 2.07751412 | 2.07751412 0.07806577 0.07806577 2.21497365 | 2.21497365 | 2.37274212 | 2.37274212
32 0.70879653 | 0.70879653 0.0530598 0.0530598 2.38919125 | 2.38919125 | 3.12317658 | 3.12317658
33 1.22349534 | 1.22349534 0.1551675 0.1551675 2.66427165 | 2.66427165 1.4320061 1.4320061
34 0.48576037 | 0.48576037 0.06973044 0.06973044 1.85278445 | 1.85278445 | 0.82160487 | 0.82160487
35 1.06146053 | 1.06146053 | 0.45732294 | 0.45732294 | 1.74733696 | 1.74733696 | 1.36737539 | 1.36737539

m(blanks) 6887.180488 9474537374 19293.87429 14432.17866
s(blanks) 524.5786309 479.8854558 218.1180411 278.5053352
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7.1.5.3 Calculated Z-scores of Pis s 1 peptides

Table A42: Calculated Z-scores of Pis s 1 peptides after control subtraction.
The calculated Z-scores of every peptide of Pis s 1 for each pea-alleigpatient (patients 1-7) are listed. Identified

candidate diagnostic peptides are highlighted in light blue.

Patient No. : 1 2 3 4 5 6 7
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score Z-score
1 S-R-S-D-Q-E-N-P-F-I-F-K-S-N-R -10.5309 -9.46465 -10.6778 -3.96957 -10.5275 -4.72091 -8.02724
2 Q-E-N-P-F-I-F-K-S-N-R-F-Q-T-L -12.2751 -11.603 -13.3058 -5.03865 -11.0193 -4.0631 -3.89503
3 F-I-F-K-S-N-R-F-Q-T-L-Y-E-N-E 2.090892 | -0.06186 | 0.411962 | 12.82627 | 1.535048 | 7.696264 | 2.78552
4 S-N-R-F-Q-T-L-Y-E-N-E-N-G-H-I 2.612442 | 1.410022 3.63417 14.99363 | 1.626418 | 4.782956 | 2.551252
5 Q-T-L-Y-E-N-E-N-G-H-I-R-L-L-Q 3.218103 | 2.369175 | 0.768995 | 8.559985 | 0.889885 | 3.289293 | 1.558609
6 E-N-E-N-G-H-I-R-L-L-Q-K-F-D-K -4.45952 -4.53468 -5.94043 -5.48877 -7.48853 -2.22716 -3.45339
7 G-H-I-R-L-L-Q-K-F-D-K-R-S-K-I -30.1759 | -24.3011 | -26.6026 | -23.0893 | -23.5681 | -2.10184 | -4.64472
8 L-L-Q-K-F-D-K-R-S-K-I-F-E-N-L -1.26056 -2.89415 -1.82134 8.728744 -2.76111 1.457342 -0.29759
9 F-D-K-R-S-K-I-F-E-N-L-Q-N-Y-R -13.7991 -14.1687 -12.8785 -6.1962 -12.1531 -8.53486 -7.34012
10 S-K-I-F-E-N-L-Q-N-Y-R-L-L-E-Y -0.74305 | -1.95426 | -0.02966 | 2.408014 | -2.28009 | 2.064805 | -0.99076
11 E-N-L-Q-N-Y-R-L-L-E-Y-K-S-K-P -6.08846 | -5.61855 | -3.95807 | -3.09112 | -5.59648 | -0.35238 | 0.230783
12 N-Y-R-L-L-E-Y-K-S-K-P-H-T-L-F -8.80944 -7.74146 -5.17451 -2.67718 -7.25844 -3.78246 -2.11138
13 L-E-Y-K-S-K-P-H-T-L-F-L-P-Q-Y -8.34012 -8.12264 -5.17606 3.634752 -9.21854 3.465189 -1.01692
14 S-K-P-H-T-L-F-L-P-Q-Y-T-D-A-D 2.511129 -1.94265 1.425025 | 21.60567 -2.22342 8.543576 | 2.066228
15 T-L-F-L-P-Q-Y-T-D-A-D-F-I-L-V 1.6304 -2.14891 -0.29177 24.7479 -3.15707 11.12796 3.16967
16 P-Q-Y-T-D-A-D-F-I-L-V-V-L-S-G -1.9238 -5.39107 -1.8642 13.27394 | -4.84575 | 8.481657 | 0.790868
17 D-A-D-F-I-L-V-V-L-S-G-K-A-T-L -15.9675 -15.5858 -12.3471 0.736501 -15.6619 13.68749 | 7.331134
18 I-L-V-V-L-S-G-K-A-T-L-T-V-L-K -9.53085 | -10.1468 | -8.39849 | 4.16522 -12.6191 6.84126 | 4.686985
19 L-S-G-K-A-T-L-T-V-L-K-S-N-D-R -1.82265 | -4.66876 | -1.16883 | 12.07631 | -6.54259 | 2.503649 | 4.507498
20 A-T-L-T-V-L-K-S-N-D-R-N-S-F-N 0.538323 -3.72059 -1.29529 11.76476 -3.61255 13.19017 | 6.946854
21 V-L-K-S-N-D-R-N-S-F-N-L-E-R-G -1.62549 -2.47007 -2.28448 12.7868 -2.40583 5.450079 | 3.410066
22 N-D-R-N-S-F-N-L-E-R-G-D-A-I-K -3.06508 -5.0999 -0.56215 10.92419 -4.46687 3.565495 | 3.049704
23 S-F-N-L-E-R-G-D-A-I-K-L-P-A-G -0.40525 -3.97911 -2.37106 13.7626 -2.59786 3.114325 | 0.451875
24 E-R-G-D-A-I-K-L-P-A-G-T-I-A-Y 0.232908 | -2.77959 | -1.46504 | 10.90085 | -1.27212 | 5.389901 | 19.44002
25 A-1-K-L-P-A-G-T-I-A-Y-L-A-N-R -6.38797 -6.99169 -8.2296 3.126432 -7.30122 -5.33415 -7.43907
26 P-A-G-T-I-A-Y-L-A-N-R-D-D-N-E -0.01261 -0.28158 -3.72475 7.981769 -1.1882 4.027554 -2.38786
27 |-A-Y-L-A-N-R-D-D-N-E-D-L-R-V -2.9128 -3.08892 -5.73733 9.482944 -3.14504 9.754615 | 0.774336
28 A-N-R-D-D-N-E-D-L-R-V-L-D-L-A 5.777238 | 0.722055 | 2.264753 | 9.964865 | 3.022396 | 9.532204 | 2.756042
29 D-N-E-D-L-R-V-L-D-L-A-I-P-V-N 5.999491 | 0.412868 | 0.259976 | 13.56267 | 3.979282 | 8.395579 | 3.44504
30 L-R-V-L-D-L-A-I-P-V-N-K-P-G-Q 6.693737 | 1.136713 | 1.915241 | 11.56879 | 8.145987 | 5.719216 | 6.273872
31 D-L-A-|-P-V-N-K-P-G-Q-L-Q-S-F 4.193609 -1.39301 -0.34959 8.864606 -3.81689 3.205944 -0.83328
32 P-V-N-K-P-G-Q-L-Q-S-F-L-L-S-G 4.984036 -0.34499 2.356422 | 7.068273 -0.52217 2.509449 | 0.013138
33 P-G-Q-L-Q-S-F-L-L-S-G-T-Q-N-Q -1.2832 -0.21224 | -4.34667 | 8.960293 | -0.95953 | 3.518867 | -0.63075
34 Q-S-F-L-L-S-G-T-Q-N-Q-P-S-L-L 3.833144 | 0.260894 | 0.799559 | 13.25493 | 2.054154 5.86136 3.72952
35 L-S-G-T-Q-N-Q-P-S-L-L-S-G-F-S -1.37214 -3.24364 -2.85876 9.368696 -2.76493 1.334022 -1.7238
36 Q-N-Q-P-S-L-L-S-G-F-S-K-N-I-L -1.63033 1.204264 -0.06499 5.776599 -2.77938 0.495834 | 2.673118
37 S-L-L-S-G-F-S-K-N-I-L-E-A-A-F 1.793282 -1.45992 3.869664 | 14.72835 -1.02973 1.752846 | 3.100017
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38 G-F-S-K-N-I-L-E-A-A-F-N-T-N-Y 1.383962 -2.71259 0.82768 18.08994 | -2.83587 3.577405 | 2.871174
39 N-I-L-E-A-A-F-N-T-N-Y-E-E-I-E 0.192607 | -2.9097 | -0.26251 | 15.39546 | -2.65176 | 3.129273 | -0.97128
40 A-A-F-N-T-N-Y-E-E-I-E-K-V-L-L -0.05999 -2.45204 | 0.365505 | 21.33392 -2.94183 | 5.979964 | 1.290693
4 T-N-Y-E-E-E-K-V-L-L-E-Q-Q-E -1.73178 | -1.43261 | -0.72888 | 11.03196 | -3.76814 | 2.067562 | -0.19162
42 E-I-E-K-V-L-L-E-Q-Q-E-Q-E-P-Q -0.55314 -2.12327 1.571556 | 8.507774 | -2.79875 | 2.613184 | 1.279057
43 V-L-L-E-Q-Q-E-Q-E-P-Q-H-R-R-S 0.731218 -1.95218 3.41436 6.017752 -2.13356 2.689308 3.15173

44 Q-Q-E-Q-E-P-Q-H-R-R-S-L-K-D-R 052806 | -1.85856 | 4.557498 | 10.78453 | -2.81785 | 2.838024 | 5.190264
45 E-P-Q-H-R-R-S-L-K-D-R-R-Q-E-I -17.095 -12.7173 -11.5967 -7.40311 -8.76291 9.615661 | 8.774303
46 R-R-S-L-K-D-R-R-Q-E-I-N-E-E-N 0.117823 -2.17983 -1.11531 9.596477 -1.9904 5.08288 6.417096
a7 K-D-R-R-Q-E-I-N-E-E-N-V-I-V-K -1.33484 -4.92204 -3.19539 7.217198 -3.46168 4.426172 -0.06936
48 Q-E-I-N-E-E-N-V-I-V-K-V-S-R-E 2.134784 | -1.57343 -0.43696 18.88174 | -0.32714 12.44053 | 3.241052
49 E-E-N-V-I-V-K-V-S-R-E-Q--E-E 1.566656 | -0.00766 | -2.82063 | 7.302274 | -0.49477 | 1.891113 | -3.07897
50 I-V-K-V-S-R-E-Q-I-E-E-L-S-K-N 2.076582 1.78776 -2.79039 9.790269 | 0.726109 2.70424 -1.67731
51 S-R-E-Q--E-E-L-S-K-N-A-K-S-S 248216 | -0.23984 | -0.91134 | 5.671486 | 2.944714 | 2.328423 | -0.93638
52 I-E-E-L-S-K-N-A-K-S-5-S-K-K-S -13.3178 | -10.8975 | -9.99684 | -8.41396 | -9.15579 | -1.8459 | -1.78169
53 S-K-N-A-K-5-5-S-K-K-S-V-S-S-E 2.741248 | -1.93334 | 0.320026 | 12.49301 | 5.107093 | 3.377901 | 3.276868
54 K-S-S-S-K-K-S-V-S-S-E-S-G-P-F 6.064404 -1.36414 0.637707 | 17.33392 | 1.800313 | 5.567717 | 2.010493
55 K-K-S-V-S-S-E-S-G-P-F-N-L-R-S 8.633018 0.22755 2.252867 22.5075 3.135521 | 3.994672 | 4.040989
56 S-S-E-S-G-P-F-N-L-R-S-R-N-P-| 2.288639 | -2.29369 | -0.65917 | 15.19035 | -1.29167 | 0.728345 | 0.519631
57 G-P-F-N-L-R-S-R-N-P-I-Y-S-N-K -37.9551 -33.3032 -34.6763 -12.4847 -26.0553 0.193242 -11.278

58 L-R-S-R-N-P-I-Y-S-N-K-F-G-K-F -40.6655 -36.2857 -39.2972 -16.3835 -19.9754 14.85147 -12.9861
59 N-P-I-Y-S-N-K-F-G-K-F-F-E-I-T 3.059435 | -1.07734 | -3.17006 | 25.6919 | -2.50029 | 3.304393 | -0.16243
60 S-N-K-F-G-K-F-F-E-I-T-P-E-K-N 4.625283 | 0.383156 | -0.38702 | 25.10105 | -0.62787 | 1.023545 | 0.732993
61 G-K-F-F-E--T-P-E-K-N-Q-Q-L-Q 2.296988 | -1.05604 | 1.48857 | 28.40486 | -0.24523 | 3.74048 | -0.02319
62 E-I-T-P-E-K-N-Q-Q-L-Q-D-L-D-| 4.227438 | -1.33692 | 3.698734 | 30.95001 | -1.3195 | 3.865156 | 1.072578
63 E-K-N-Q-Q-L-Q-D-L-D-I-F-V-N-S 7.560559 | -1.18087 | 2.020102 | 34.20865 | -1.14768 | 5.885953 | 2.27638

64 Q-L-Q-D-L-D-I-F-V-N-S-V-D-I-K 5914372 | -0.53136 | 6.961027 | 33.82082 | -1.73688 | 8.502636 | 2.31189

65 L-D-I-F-V-N-S-V-D-I-K-E-G-S-L 3.320574 | -0.45831 | 2.979496 | 2530886 | -0.73421 | 5.281205 | 1.377918
66 V-N-S-V-D-I-K-E-G-S-L-L-L-P-N 3.021156 -2.65594 1.303705 22.4685 -0.53752 7.863785 | 4.808514
67 D-I-K-E-G-S-L-L-L-P-N-Y-N-S-R -1.98571 -3.97336 -0.56915 16.75311 -2.88654 1.041249 | 2.252869
68 G-S-L-L-L-P-N-Y-N-S-R-A-I-V-1 -1.34385 -4.02649 -1.68399 11.27882 -4.11514 | 4.175076 | 3.510956
69 L-P-N-Y-N-S-R-A-I-V-I-V-T-V-T -4.01863 -3.78902 -2.151 13.15501 -2.28686 12.8682 7.42568

70 N-S-R-A-I-V--V-T-V-T-E-G-K-G -3.33638 | -5.78534 | -2.32991 | 22.20884 | -4.53755 | 13.45803 | 7.663475
71 I-V-1-V-T-V-T-E-G-K-G-D-F-E-L 6.889609 | -0.55084 | 5.806017 | 33.60079 | 0.205413 | 7.160616 | 5.219416
72 T-V-T-E-G-K-G-D-F-E-L-V-G-Q-R 5071344 | -0.93334 | 1903718 | 32.05923 | -1.99385 | 8.846595 | 5.354521
73 G-K-G-D-F-E-L-V-G-Q-R-N-E-N-Q 5296378 | -1.83315 | -2.68609 | 4.781424 | -154813 | -0.12328 | -4.45089
74 F-E-L-V-G-Q-R-N-E-N-Q-G-K-E-N 6.422961 | 4.390234 | -0.39038 | 12.36706 | 1.63479 | 4.479886 | 0.045552
75 G-Q-R-N-E-N-Q-G-K-E-N-D-K-E-E 2.609272 | 0.753812 1.70486 3.816325 -1.4771 0.415805 -2.32193
76 E-N-Q-G-K-E-N-D-K-E-E-E-Q-E-E 0.970757 -0.51274 7.668478 | 2.268469 | -1.41979 -0.40678 -1.10332
7 K-E-N-D-K-E-E-E-Q-E-E-E-T-S-K 4.931304 | 0.966154 | 7.760659 | 7.389933 | -0.49591 1.12645 0.501257
78 K-E-E-E-Q-E-E-E-T-S-K-Q-V-Q-L 8.456177 | -0.30665 | 3.032057 | 11.15886 | 1.473152 | 5.23006 | 0.211462
79 Q-E-E-E-T-S-K-Q-V-Q-L-Y-R-A-K 8.10252 0.932493 | 0.491612 | 13.86043 -0.14372 1.731035 | 0.436978
80 T-S-K-Q-V-Q-L-Y-R-A-K-L-S-P-G 0.813897 -3.45831 -3.43447 21.9388 -3.57547 5.890986 | 3.192777
81 V-Q-L-Y-R-A-K-L-S-P-G-D-V-F-V -0.29545 | -3.90783 | -3.40332 | 28.22442 | 0.46693 | 3.585538 | 0.360856
82 R-A-K-L-S-P-G-D-V-F-V-I-P-A-G 8.508339 | 0.855691 | 2.415826 | 34.96222 | 4.900988 | 6.389808 -0.45357
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83 S-P-G-D-V-F-V-I-P-A-G-H-P-V-A 10.84649 | 1.232026 | 7.501944 | 37.34794 | 2.456817 | 3.783556 | 0.272683
84 V-F-V-1-P-A-G-H-P-V-A-I-N-A-S 9.406568 | 0.531597 | 3.753001 35.6474 5576492 | 9.005023 | 1.194817
85 P-A-G-H-P-V-A-I-N-A-S-S-D-L-N 5.596367 | -1.51501 | 0.276765 | 29.25137 | 0.045064 | 7.567014 -0.061
86 P-V-A-I-N-A-S-S-D-L-N-L-I-G-F 6.021637 | -1.53364 -3.42973 | 32.75131 | 0.764875 7.08186 -1.00746
87 N-A-S-S-D-L-N-L-I-G-F-G-I-N-A 6.788298 | -4.68605 -0.48836 | 33.05649 | 0.422313 | 2.871794 | -3.28233
88 D-L-N-L-I-G-F-G-I-N-A-E-N-N-E 8.90907 -2.06978 1.42784 35.78641 | -1.31983 | 5.843576 | 0.291208
89 |-G-F-G-I-N-A-E-N-N-E-R-N-F-L 5.253261 | -1.18743 | 0.173815 | 32.75868 | -0.45967 | 10.28601 | 0.558966
90 I-N-A-E-N-N-E-R-N-F-L-A-G-E-E -2.83805 -13.9276 -10.7819 | 21.99911 | 21.79074 -2.9373 -10.3445
91 N-N-E-R-N-F-L-A-G-E-E-D-N-V-I 7.1123 -3.47123 -0.87748 33.9903 6.032384 | 2.825362 | 2.211427
92 N-F-L-A-G-E-E-D-N-V-I-S-Q-V-E 0.856132 | -2.47024 | 1.788573 | 18.12826 | -0.66382 | 4.155449 | 0.089739
93 G-E-E-D-N-V-I-S-Q-V-E-R-P-V-K -0.41212 -2.16006 -1.31281 | 15.93288 | -0.90224 5.68074 2.892422
94 N-V-I-S-Q-V-E-R-P-V-K-E-L-A-F 4.120173 | -0.98495 | 3.757626 | 32.63297 | 1.570174 | 8.318921 | 3.999988
95 Q-V-E-R-P-V-K-E-L-A-F-P-G-S-S 5.588146 | 13.77671 | 11.52922 32.186 7.391694 | 3.001639 | 2.205856
96 P-V-K-E-L-A-F-P-G-S-S-H-E-V-D 8.202078 | 14.98353 | 13.98078 34.63 34.81028 | 8.781856 | 60.48037
97 L-A-F-P-G-S-S-H-E-V-D-R-L-L-K 8.159771 | 0.120814 | 12.59132 6.97535 3.450639 | 0.860178 -0.3118
98 G-S-S-H-E-V-D-R-L-L-K-N-Q-K-Q 5.883925 | -0.92573 | 0.011273 | 1.876871 | -1.71492 -1.09575 -2.85998
99 E-V-D-R-L-L-K-N-Q-K-Q-S-Y-F-A 1.126948 | -1.19532 -3.44025 | 25.66664 | -2.46879 -0.57718 -6.55732
100 L-L-K-N-Q-K-Q-S-Y-F-A-N-A-Q-P 7.300018 | 0.949288 13.7509 32.67821 | -0.43074 -0.77202 | 6.237889
101 Q-K-Q-S-Y-F-A-N-A-Q-P-L-Q-R-E 7.730445 | 0.627144 13.301 32.55821 | 12.73965 | 3.627507 | 6.965832
m (blanks) 20535.63 | 14861.14 | 14342.39 | 11846.79 | 9434.028 | 9808.343 | 10057.57
s (blanks) 3476.642 | 2354.966 | 2687.228 | 1345.152 | 1206.837 | 518.3151 | 657.7803

Table A43: Calculated Z-scores of Pis s 1 peptides after control subtraction.
The calculated Z-scores of every peptide of Pis s 1 for each pea-allgic patient (patients 8-14) are listed. Identified

candidate diagnostic peptides are highlighted in light blue.

Patient No. : 8 9 10 11 12 13 14
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score Z-score
1 S-R-S-D-Q-E-N-P-F-I-F-K-S-N-R -10.2048 | -10.2714 | -9.94922 | -8.09417 | -11.5047 | -8.92543 | -9.85826
2 Q-E-N-P-F-I-F-K-S-N-R-F-Q-T-L -6.63055 -11.1714 -10.64 -5.0821 -15.4895 -10.3766 -9.32076
3 F-I-F-K-S-N-R-F-Q-T-L-Y-E-N-E 8.983865 -0.8895 2.478525 | 7.866443 -2.10504 2.140051 -0.40102
4 S-N-R-F-Q-T-L-Y-E-N-E-N-G-H-I 4.108445 | 0.027464 | 2.580308 | 4.79595 | 0.135541 | 1.168597 | 0.798883
5 Q-T-L-Y-E-N-E-N-G-H-I-R-L-L-Q 3.888052 -0.70903 1.187946 | 2.109534 -0.13531 0.463244 -0.10134
6 E-N-E-N-G-H-I-R-L-L-Q-K-F-D-K -4.05861 -7.89764 -6.51231 -6.49825 -7.73976 -5.38584 -5.11145
7 G-H-I-R-L-L-Q-K-F-D-K-R-S-K-I -25.4841 -22.152 -29.9044 -25.844 -33.6198 -27.5886 -26.9745
8 L-L-Q-K-F-D-K-R-S-K-I-F-E-N-L 8.398056 -4.8384 -1.2943 -3.20085 | -6.14205 -2.5384 -5.04725
9 F-D-K-R-S-K-I-F-E-N-L-Q-N-Y-R -9.22516 -13.2744 -14.6752 -12.951 -16.7983 -13.1335 -14.4459
10 S-K-I-F-E-N-L-Q-N-Y-R-L-L-E-Y 1.460095 -2.04811 -1.79529 -1.11854 -2.07226 -1.46783 -2.3407
11 E-N-L-Q-N-Y-R-L-L-E-Y-K-S-K-P -3.89541 -4.81998 -5.08657 -6.57906 -6.38108 -4.20365 -4.47754
12 N-Y-R-L-L-E-Y-K-S-K-P-H-T-L-F 0.031794 -7.6524 -6.16626 -7.07201 -10.0257 -5.99142 -6.66043
13 L-E-Y-K-S-K-P-H-T-L-F-L-P-Q-Y 1.974939 -7.26183 -7.2484 -6.99326 -10.2088 -5.58832 -6.97463
14 S-K-P-H-T-L-F-L-P-Q-Y-T-D-A-D 17.17633 | -2.21045 | 0.593432 | 3.014678 -2.4796 | 0.528871 | -3.27262
15 T-L-F-L-P-Q-Y-T-D-A-D-F-I-L-V 17.45499 | -2.72388 | -0.68258 | 2.881373 | -4.63346 | -0.51519 | -4.95449
16 P-Q-Y-T-D-A-D-F-I-L-V-V-L-S-G 8.61695 -3.97002 -4.1381 -0.29107 -6.13263 -2.19202 -5.74932
17 D-A-D-F-I-L-V-V-L-S-G-K-A-T-L 3.528927 -17.0695 -16.641 -8.81724 -19.8498 -15.3455 -16.4854
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18 I-L-V-V-L-S-G-K-A-T-L-T-V-L-K 8.386515 | -8.65533 -10.0874 -0.54583 -13.6171 -6.6154 -9.89171
19 L-S-G-K-A-T-L-T-V-L-K-S-N-D-R 13.02 | -4.70983 | -2.95544 | 2.800711 | 1.404287 | 0.269636 | -3.14796
20 A-T-L-T-V-L-K-S-N-D-R-N-S-F-N 1424501 | -2.15239 | -0.55992 | 3.305823 | 2.513176 | 0.87497 | 0.602229
21 V-L-K-S-N-D-R-N-S-F-N-L-E-R-G 7.90013 -2.75799 -1.94478 | 4.626593 | 3.501281 | 3.559365 -0.01419
22 N-D-R-N-S-F-N-L-E-R-G-D-A-I-K 19.59179 | -5.19495 -1.41857 3.450057 -5.40825 -0.63176 -3.4624

23 S-F-N-L-E-R-G-D-A-I-K-L-P-A-G 9.633813 | -4.26439 0.21289 0.836571 -4.55191 -2.05431 -4.16214
24 E-R-G-D-A--K-L-P-A-G-T-I-A-Y 7.062155 | -2.60887 | 1.431596 | -0.33469 | -3.0962 | -2.0213 | -3.63413
25 A-l-K-L-P-A-G-T-I-A-Y-L-A-N-R -2.4057 -7.14246 -5.72097 -4.04999 -8.83641 -7.07549 -6.7774

26 P-A-G-T-I-A-Y-L-A-N-R-D-D-N-E 3.772197 | -2.25676 | 0.615739 | 4.712762 -4.27999 -1.70977 -2.50015
27 |-A-Y-L-A-N-R-D-D-N-E-D-L-R-V 0.621597 -3.31672 -1.32753 | 5.434854 -7.39504 -3.76042 -5.09878
28 A-N-R-D-D-N-E-D-L-R-V-L-D-L-A 6.021402 | 0.095972 | 2.921814 | 6.650664 | -0.97558 | 0.290552 | -0.21075
29 D-N-E-D-L-R-V-L-D-L-A--P-V-N 15.78444 | -0.54929 | 3.851405 | 10.92319 | -1.54138 | 1.269412 | -0.7978

30 L-R-V-L-D-L-A-I-P-V-N-K-P-G-Q 19.31143 | 0.354649 | 5.490765 | 11.33449 | 0.026469 | 2.788748 -0.39833
31 D-L-A-I-P-V-N-K-P-G-Q-L-Q-S-F 2.02424 | 263852 | 027718 | -1.22192 | -2.7221 | 1509109 | -3.62289
32 P-V-N-K-P-G-Q-L-Q-S-F-L-L-S-G 12.88187 -1.32515 1.260762 | 4.093779 -1.26598 | 2.194086 -1.97283
33 P-G-Q-L-Q-S-F-L-L-S-G-T-Q-N-Q 8.842039 | -4.89652 | -0.33243 | 0.240076 | -4.9309 | -2.88297 | -4.71059
34 Q-S-F-L-L-S-G-T-Q-N-Q-P-S-L-L 18.40619 | 0.262881 | 2.34371 | 5.120569 | -2.00076 | 1.648636 | -2.11005
35 L-S-G-T-Q-N-Q-P-S-L-L-S-G-F-S 11.14791 | -3.78764 -2.7025 0.922758 -4.57934 -3.16056 -4.70801
36 Q-N-Q-P-S-L-L-S-G-F-S-K-N-I-L 7.946933 | -2.35556 1.473322 | -2.18899 -2.74653 -0.74923 -2.13444
37 S-L-L-S-G-F-S-K-N-I-L-E-A-A-F 1578799 | -1.14448 | 0.606908 | 3.826505 | -1.68147 | 0.568944 | -1.91552
38 G-F-S-K-N-I-L-E-A-A-F-N-T-N-Y 15.29004 | -2.46356 | 0.505527 | 2.702483 | -3.31008 | 0.577059 | -3.3423

39 N-I-L-E-A-A-F-N-T-N-Y-E-E-I-E 8.252952 | -2.53346 | -1.37604 | 0.89492 | -2.48333 | -0.95087 | -3.75072
40 A-A-F-N-T-N-Y-E-E-I-E-K-V-L-L 16.64576 | -2.11701 -1.58657 | 4.250589 -3.15764 -0.50757 -4.44183
41 T-N-Y-E-E--E-K-V-L-L-E-Q-Q-E 10.6009 | -1.74394 | -2.48714 | 2.08073 | -3.3836 | -0.6547 | -3.50978
42 E-I-E-K-V-L-L-E-Q-Q-E-Q-E-P-Q 13.17028 | -2.17601 -0.27544 | 5.060719 -2.55652 | 0.368662 -1.82639
43 V-L-L-E-Q-Q-E-Q-E-P-Q-H-R-R-S 17.31133 | -1.90373 | 2.067706 | 7.633024 | -1.90579 | 0.881792 | 0.163845
44 Q-Q-E-Q-E-P-Q-H-R-R-S-L-K-D-R 12.5985 -2.17513 | 0.079773 | 7.106346 -2.3981 2.794986 | 1.672636
45 E-P-Q-H-R-R-S-L-K-D-R-R-Q-E-| 2.73805 | -0.62477 | -12.6639 | -9.06075 | -18.1558 | -9.32395 | -9.76644
46 R-R-S-L-K-D-R-R-Q-E-I-N-E-E-N 15.2471 -2.90992 | 0.521375 | 4.098121 -2.58212 | 0.511729 -1.8243

47 K-D-R-R-Q-E-I-N-E-E-N-V-I-V-K 12.93871 | -4.7385 | -0.59554 | 1.533438 | -4.94487 | -3.35532 | -5.2501

48 Q-E-I-N-E-E-N-V-I-V-K-V-S-R-E 20.09891 | -1.64398 | 4.269022 | 4.56753 | -2.73756 | 0.02588 | -2.89223
49 E-E-N-V-I-V-K-V-S-R-E-Q-I-E-E 1.694651 | -0.72585 | 1.06947 | 3.68999 | -3.0576 | -1.71992 | -2.80153
50 I-V-K-V-§-R-E-Q-I-E-E-L-S-K-N 7.013111 | -1.49431 | 2.63883 | 7.854344 | -3.17143 | -1.87566 | -2.66663
51 S-R-E-Q-I-E-E-L-S-K-N-A-K-S-S 9.638157 -1.57953 | 2.617368 | 8.954074 -3.74712 -0.85498 -2.21744
52 I-E-E-L-S-K-N-A-K-S-S-S-K-K-S -10.8657 -10.7079 -14.967 -4.81964 -18.7811 -12.3053 -13.1299
53 S-K-N-A-K-S-S-S-K-K-S-V-S-S-E 9.058007 -3.4792 -0.98639 11.97582 -5.59819 -1.77073 -3.54114
54 K-S-S-S-K-K-S-V-S-S-E-S-G-P-F 6.699502 -1.5265 1.944281 | 9.563492 -2.42419 -0.42862 -2.71156
55 K-K-S-V-S-S-E-S-G-P-F-N-L-R-S 12.10288 | -0.14942 | 3.881052 7.71819 -1.10517 1.551206 -1.79729
56 S-S-E-S-G-P-F-N-L-R-S-R-N-P-| 17.98396 | -2.91603 -0.79933 | 0.424173 -4.70548 -0.49276 -4.82885
57 G-P-F-N-L-R-S-R-N-P-I-Y-S-N-K -9.28238 -11.5012 -35.305 -28.1298 -42.665 -35.7518 -36.6245
58 L-R-S-R-N-P-I-Y-S-N-K-F-G-K-F -16.65 -20.08 -40.3601 -29.8161 -48.1048 -40.1486 -40.8516
59 N-P-I-Y-S-N-K-F-G-K-F-F-E-I-T 27.1435 | -2.96516 | -357233 | 4.332919 | -4.49684 | -2.07623 | -4.69066
60 S-N-K-F-G-K-F-F-E-I-T-P-E-K-N 24.63675 | -0.77676 -1.03938 | 4.498331 -1.86813 | 0.169367 -1.92672
61 G-K-F-F-E-I-T-P-E-K-N-Q-Q-L-Q 20.15338 | -0.92707 | 0.591618 | 2.891999 | -1.87374 | -0.3005 | -2.21619
62 E-I-T-P-E-K-N-Q-Q-L-Q-D-L-D-I 28.44564 | -1.62879 2.781417 | 6.869579 -2.53588 1.749469 | -2.79209
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63 E-K-N-Q-Q-L-Q-D-L-D-I-F-V-N-S 29.28988 | -0.98768 | 1.333496 | 8.843022 | -2.33452 | 1.787476 | -2.82543
64 Q-L-Q-D-L-D-I-F-V-N-S-V-D-I-K 32.0517 -0.49256 2.7884 15.84811 | -2.33056 | 1.877137 | -2.79892
65 L-D-I-F-V-N-S-V-D-I-K-E-G-S-L 24.69747 0.02791 0.811937 | 7.150099 | -1.34354 | 2.092048 | -1.56679
66 V-N-S-V-D-I-K-E-G-S-L-L-L-P-N 29.8012 -1.26868 | 2.467722 | 12.34733 | -2.87538 | 2.375586 | -2.21317
67 D-I-K-E-G-S-L-L-L-P-N-Y-N-S-R 31.18535 | -3.08199 | 0.448639 | 6.670182 | -4.17719 | 0.493556 | -1.61979
68 G-S-L-L-L-P-N-Y-N-S-R-A-I-V-I 25.27933 | -2.71278 -3.16121 | 7.848274 | -6.43439 -1.48581 -3.59476
69 L-P-N-Y-N-S-R-A-I-V-I-V-T-V-T 21.12295 | -2.43589 -0.89521 | 6.134128 | -7.21908 -0.06419 -3.74802
70 N-S-R-A-I-V-I-V-T-V-T-E-G-K-G 20.72911 | -6.12752 -0.45205 | 3.547835 | -9.30162 -3.94506 -7.1857
71 I-V-I-V-T-V-T-E-G-K-G-D-F-E-L 37.83927 | -0.53358 | 6.512703 | 16.23704 | -2.28169 | 2.185225 | -1.95453
72 T-V-T-E-G-K-G-D-F-E-L-V-G-Q-R 29.70321 | -0.90949 | 6.682954 | 16.53343 | -3.02598 | 0.744416 | -2.81495
73 G-K-G-D-F-E-L-V-G-Q-R-N-E-N-Q 10.6583 -1.89841 | 2.553099 | 4.978139 | -4.99448 -2.99661 -4.55669
74 F-E-L-V-G-Q-R-N-E-N-Q-G-K-E-N 12.95894 | -0.55264 | 5.292882 | 8.747864 | -1.84911 -0.30131 -1.06078
75 G-Q-R-N-E-N-Q-G-K-E-N-D-K-E-E 8.396359 | -1.33827 | 3.525614 | 5.505535 | -3.25194 -2.01695 -2.24295
76 E-N-Q-G-K-E-N-D-K-E-E-E-Q-E-E 7.312862 | -1.04291 | 0.495388 | 4.720078 | -2.11764 -1.35775 -2.37024
7 K-E-N-D-K-E-E-E-Q-E-E-E-T-S-K 20.805 1.357316 | 2.984326 | 14.53277 | -1.71907 | 0.227568 | -1.72269
78 K-E-E-E-Q-E-E-E-T-S-K-Q-V-Q-L 18.32081 | 0.605867 | 1.542492 | 7.730916 | -1.54122 | 0.586685 | -1.50817
79 Q-E-E-E-T-S-K-Q-V-Q-L-Y-R-A-K 17.98378 | -0.89925 | 2.023704 5.99386 -2.63621 | 0.279925 | -1.46997
80 T-S-K-Q-V-Q-L-Y-R-A-K-L-S-P-G 34.2292 -5.28146 -3.25664 -2.66791 -8.81643 -2.89614 -6.68902
81 V-Q-L-Y-R-A-K-L-S-P-G-D-V-F-V 35.77427 | -5.17561 | 1.003032 | 0.577256 | -8.31492 -4.88142 -7.93632
82 R-A-K-L-S-P-G-D-V-F-V-I-P-A-G 42.36209 | -0.59944 | 3.197434 | 12.19635 -2.4858 0.839336 -3.4817
83 S-P-G-D-V-F-V-I-P-A-G-H-P-V-A 44.62468 | 0.802652 | 3.401417 | 32.10015 | -0.21237 | 1.450046 | -1.25612
84 V-F-V-I-P-A-G-H-P-V-A-I-N-A-S 38.6 0.054293 | 6.646819 | 18.18606 | -2.00559 | 3.041365 | -1.84458
85 P-A-G-H-P-V-A-I-N-A-S-S-D-L-N 22.94567 | 1.503215 | 3.683072 | 8.510971 | -3.58964 | 1.717051 | -3.20502
86 P-V-A-I-N-A-S-S-D-L-N-L-I-G-F 34.42912 | 2.346335 | 4.638937 | 10.59915 | -4.10466 | 5.438116 | -3.10712
87 N-A-S-S-D-L-N-L-I-G-F-G-I-N-A 36.27955 | 1.081879 | -1.46738 | 18.36248 | -5.15992 4.75053 -4.31898
88 D-L-N-L-I-G-F-G-I-N-A-E-N-N-E 41.70165 | -0.98203 | 2.765379 | 26.95381 | -2.48445 | 1.792561 | -2.23743
89 I-G-F-G-I-N-A-E-N-N-E-R-N-F-L 32.7789 -1.20562 | 1.791902 | 9.935915 | -2.94537 3.63183 -2.80602
90 I-N-A-E-N-N-E-R-N-F-L-A-G-E-E 26.43588 | -11.4802 -5.37013 | 3.339923 | -13.5591 -5.46546 -13.2407
91 N-N-E-R-N-F-L-A-G-E-E-D-N-V-I 41.71823 | -2.64899 | 5.524388 | 29.45299 | -3.04758 | 2.708808 | -2.81142
92 N-F-L-A-G-E-E-D-N-V-I-S-Q-V-E 40.26949 | -1.21274 | 0.408713 | 30.32234 | -2.62698 | 0.240538 | -2.22343
93 G-E-E-D-N-V-I-S-Q-V-E-R-P-V-K 2552586 | -2.37157 | 2.158329 | 11.21335 | -3.60109 | 1.041618 | -2.84263
94 N-V-I-S-Q-V-E-R-P-V-K-E-L-A-F 34.66043 | 0.274454 | 6.174538 | 11.31815 | -2.74769 | 2.158549 | -2.77759
95 Q-V-E-R-P-V-K-E-L-A-F-P-G-S-S 39.62622 | 33.04637 | 5.577837 | 27.17795 | -5.19328 | 5.552355 | 9.540851
96 P-V-K-E-L-A-F-P-G-S-S-H-E-V-D 41.86569 | 23.22202 | 8.202726 | 29.73849 -3.3988 7.757944 9.21691
97 L-A-F-P-G-S-S-H-E-V-D-R-L-L-K 36.28509 | -0.73579 | 7.223069 9.98607 -3.30081 -1.78469 -2.29882
98 G-S-S-H-E-V-D-R-L-L-K-N-Q-K-Q 31.0689 -2.42739 | 3.136829 -0.347 -4.16397 -1.69396 -1.14624
99 E-V-D-R-L-L-K-N-Q-K-Q-S-Y-F-A 22.86062 | -1.81624 | 3.346059 | 1.752694 | -6.87008 -6.0694 -4.10947
100 L-L-K-N-Q-K-Q-S-Y-F-A-N-A-Q-P 31.87528 | 2.058952 | 5.604967 | 28.93225 | -3.26374 -1.92711 -2.18347
101 Q-K-Q-S-Y-F-A-N-A-Q-P-L-Q-R-E 40.19413 | 18.53059 | 7.956363 | 28.23146 | -2.83293 | 1.982335 | -1.45702
m (blanks) 11374.69 | 10344.18 | 19821.69 | 10941.98 | 15028.41 | 16420.91 | 17118.34
s (blanks) 1145.706 | 633.1946 | 3696.333 | 1513.151 | 2871.091 | 3507.765 | 2684.082
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Table A44: Calculated Z-scores of Pis s 1 peptides after control subtraction.

The calculated Z-scores of every peptide of Pis s 1 for each petlerant patient (patients 15-19) are listed. Identified

candidate diagnostic peptides are highlighted in light blue.

Patient No. : 15 16 17 18 19
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score
1 S-R-S-D-Q-E-N-P-F-I-F-K-S-N-R -13.4603 -10.422 -7.52854 -8.78572 -12.6583
2 Q-E-N-P-F-I-F-K-S-N-R-F-Q-T-L -16.9484 -8.90916 -1.64303 -7.68206 -15.4212
3 F-I-F-K-S-N-R-F-Q-T-L-Y-E-N-E -4.20707 1.259707 -0.52012 -1.51547 -3.2172
4 S-N-R-F-Q-T-L-Y-E-N-E-N-G-H-I -2.19337 0.085916 0.140929 -1.96043 -1.71911
5 Q-T-L-Y-E-N-E-N-G-H-I-R-L-L-Q -2.0429 -1.08791 -0.2209 -2.47398 -1.68366
6 E-N-E-N-G-H-I-R-L-L-Q-K-F-D-K -9.03846 -6.12228 0.165448 -5.56419 -7.96272
7 G-H-I-R-L-L-Q-K-F-D-K-R-S-K-| -34.0497 -13.7884 1.634479 -17.6893 -27.9433
8 L-L-Q-K-F-D-K-R-S-K-I-F-E-N-L -8.16534 -1.98529 -2.46481 -5.54022 -6.46899
9 F-D-K-R-S-K-I-F-E-N-L-Q-N-Y-R -17.7182 -8.83819 -5.28659 -11.1148 -16.9958
10 S-K-I-F-E-N-L-Q-N-Y-R-L-L-E-Y -2.97589 -1.83706 -1.12713 -3.19246 -3.24367
11 E-N-L-Q-N-Y-R-L-L-E-Y-K-S-K-P -6.62683 -3.72966 -0.39366 -3.07698 -4.52322
12 N-Y-R-L-L-E-Y-K-S-K-P-H-T-L-F -10.8086 -3.08973 -0.37147 -0.76911 -8.49749
13 L-E-Y-K-S-K-P-H-T-L-F-L-P-Q-Y -10.1416 2571167 0.237506 -1.92509 -9.67602
14 S-K-P-H-T-L-F-L-P-Q-Y-T-D-A-D -3.57086 -0.66793 0.593583 -2.0426 -2.87127
15 T-L-F-L-P-Q-Y-T-D-A-D-F-I-L-V -4.48562 0.050592 -2.26893 -3.20423 -4.78392
16 P-Q-Y-T-D-A-D-F-I-L-V-V-L-S-G -5.06597 -0.47533 1.631879 -4.30273 -5.82983
17 D-A-D-F-I-L-V-V-L-S-G-K-A-T-L -18.219 -12.4306 -10.6441 -14.7891 -17.5906
18 I-L-V-V-L-S-G-K-A-T-L-T-V-L-K -13.7903 -4.1188 -4.10497 -6.41761 -12.3622
19 L-S-G-K-A-T-L-T-V-L-K-S-N-D-R -7.71387 -3.57051 -1.72013 -1.47568 -4.98055
20 A-T-L-T-V-L-K-S-N-D-R-N-S-F-N -5.39905 -0.56084 -2.27481 -0.85004 -0.88524
21 V-L-K-S-N-D-R-N-S-F-N-L-E-R-G -4.13897 -0.48813 -1.56806 -2.04585 -1.42867
22 N-D-R-N-S-F-N-L-E-R-G-D-A-I-K -6.43281 -1.80049 -4.07451 -5.24309 -4.49879
23 S-F-N-L-E-R-G-D-A-I-K-L-P-A-G -5.64984 -1.76849 -2.18166 -4.475 -3.55776
24 E-R-G-D-A-I-K-L-P-A-G-T-I-A-Y -4.66715 -0.80011 -0.89253 -3.17447 -2.29159
25 A-l-K-L-P-A-G-T-I-A-Y-L-A-N-R -10.2625 -5.81982 -6.3322 -7.1863 -9.84547
26 P-A-G-T-I-A-Y-L-A-N-R-D-D-N-E -5.35885 -1.26187 -2.34948 -3.55645 -5.58816
27 I-A-Y-L-A-N-R-D-D-N-E-D-L-R-V -7.97583 -1.99836 -2.72029 -5.15946 -8.62149
28 A-N-R-D-D-N-E-D-L-R-V-L-D-L-A -2.21238 0.472777 -0.44397 -1.7264 -2.95764
29 D-N-E-D-L-R-V-L-D-L-A-I-P-V-N -3.01174 1.935923 0.513233 -2.61532 -3.04264
30 L-R-V-L-D-L-A-I-P-V-N-K-P-G-Q -1.57763 3.600266 0.125761 -0.8336 -1.53395
31 D-L-A-I-P-V-N-K-P-G-Q-L-Q-S-F -5.05828 -1.58129 -2.97782 -5.45859 -4.36359
32 P-V-N-K-P-G-Q-L-Q-S-F-L-L-S-G -3.33606 1.974875 -0.04909 -2.78614 -2.70182
33 P-G-Q-L-Q-S-F-L-L-S-G-T-Q-N-Q -6.36312 0.878546 -3.95481 -5.80052 -5.88136
34 Q-S-F-L-L-S-G-T-Q-N-Q-P-S-L-L -2.84126 3.166369 -1.11093 -1.4832 -2.62268
35 L-S-G-T-Q-N-Q-P-S-L-L-S-G-F-S -4.91525 -2.32246 -3.66383 -5.34223 -5.11906
36 Q-N-Q-P-S-L-L-S-G-F-S-K-N-I-L -3.07291 6.333727 -1.32427 -2.35792 -3.2983
37 S-L-L-S-G-F-S-K-N-I-L-E-A-A-F -1.83071 5.118468 -1.1236 -1.96441 -2.19508
38 G-F-S-K-N-I-L-E-A-A-F-N-T-N-Y -3.34711 -0.27968 -1.87905 -2.4637 -3.45209
39 N-I-L-E-A-A-F-N-T-N-Y-E-E-I-E -2.91487 -2.66201 -2.64225 -2.88285 -2.60401
40 A-A-F-N-T-N-Y-E-E-I-E-K-V-L-L -3.1865 -2.04753 -3.19696 -2.64777 -2.81491
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41 T-N-Y-E-E-I-E-K-V-L-L-E-Q-Q-E -3.36837 -3.10694 -3.52619 -2.58193 -2.60948
42 E-I-E-K-V-L-L-E-Q-Q-E-Q-E-P-Q -3.30013 -1.69357 -2.303 -2.52566 -2.14668
43 V-L-L-E-Q-Q-E-Q-E-P-Q-H-R-R-S -3.15423 -2.36111 -1.46756 -1.62396 -1.08916
44 Q-Q-E-Q-E-P-Q-H-R-R-S-L-K-D-R -3.38302 -0.83284 -1.52812 -1.78652 -1.75911
45 E-P-Q-H-R-R-S-L-K-D-R-R-Q-E-I -15.4728 -5.12003 -7.37737 -6.03377 -9.77115
46 R-R-S-L-K-D-R-R-Q-E-I-N-E-E-N -3.46304 0.856794 -1.73739 -2.2206 -2.51251
47 K-D-R-R-Q-E-I-N-E-E-N-V-I-V-K -6.46214 -3.06195 -4.1582 -4.58095 -4.67381
48 Q-E-I-N-E-E-N-V-I-V-K-V-S-R-E -4.35652 3.650018 -0.28099 -1.5872 -2.33384
49 E-E-N-V-I-V-K-V-S-R-E-Q-I-E-E -3.74768 1.076509 -2.17483 -2.48467 -4.08036
50 I-V-K-V-S-R-E-Q-I-E-E-L-S-K-N -3.83605 0.397113 -2.71479 -3.30659 -3.1948

51 S-R-E-Q-I-E-E-L-S-K-N-A-K-S-S -4.02411 -0.6716 -2.56331 -3.85023 -4.39627
52 |-E-E-L-S-K-N-A-K-S-S-S-K-K-S -17.3006 -9.29332 -0.54867 -13.1742 -15.2045
53 S-K-N-A-K-S-S-S-K-K-S-V-S-S-E -6.13419 -0.45986 -2.15514 -5.85461 -6.0273

54 K-S-S-S-K-K-S-V-S-S-E-S-G-P-F -3.79553 0.704617 -1.97862 -3.77091 -2.65291
55 K-K-S-V-S-S-E-S-G-P-F-N-L-R-S -2.42465 3.158841 -1.36425 -1.93768 -1.74967
56 S-S-E-S-G-P-F-N-L-R-S-R-N-P-I -5.95837 -2.84435 -4.0608 -4.3827 -4.66199
57 G-P-F-N-L-R-S-R-N-P-I-Y-S-N-K -38.3891 -19.8819 -0.01358 -12.6886 -21.9217
58 L-R-S-R-N-P-I-Y-S-N-K-F-G-K-F -42.4633 -11.6145 -7.83901 -23.2642 -30.9289
59 N-P-I-Y-S-N-K-F-G-K-F-F-E-I-T -3.6033 0.747322 -1.97963 -2.36429 -3.64132
60 S-N-K-F-G-K-F-F-E-I-T-P-E-K-N -1.33034 0.434152 -0.68787 -1.70076 -1.90578
61 G-K-F-F-E-I-T-P-E-K-N-Q-Q-L-Q -1.37353 -0.48238 -1.49369 -1.69566 -1.88514
62 E-I-T-P-E-K-N-Q-Q-L-Q-D-L-D-I -1.85371 0.567526 -2.56902 -2.72708 -2.67114
63 E-K-N-Q-Q-L-Q-D-L-D-I-F-V-N-S -1.34824 -0.44501 -2.46839 -1.66056 -1.59287
64 Q-L-Q-D-L-D-I-F-V-N-S-V-D-I-K -1.20803 0.402305 -0.80799 -1.07828 -0.11545
65 L-D-I-F-V-N-S-V-D-I-K-E-G-S-L -1.09874 -1.066 -1.46389 -1.39026 -0.81339
66 V-N-S-V-D-I-K-E-G-S-L-L-L-P-N -3.08318 0.17098 -2.2453 -1.32905 -1.45367
67 D-I-K-E-G-S-L-L-L-P-N-Y-N-S-R -4.26151 -1.8026 -1.8897 0.00886 -3.23673
68 G-S-L-L-L-P-N-Y-N-S-R-A-I-V-I -5.37453 -0.49335 -1.69539 -2.12186 -5.20999
69 L-P-N-Y-N-S-R-A-I-V-I-V-T-V-T -5.58824 10.90429 -0.73141 -0.45558 -4.81024
70 N-S-R-A-I-V-I-V-T-V-T-E-G-K-G -8.37323 1.487374 -3.16822 -4.20666 -6.51673
71 1-V-I-V-T-V-T-E-G-K-G-D-F-E-L -3.08293 2.872502 -1.75592 -1.69986 -1.73316
72 T-V-T-E-G-K-G-D-F-E-L-V-G-Q-R -4.59664 2.592549 -1.96595 -2.74241 -2.96915
73 G-K-G-D-F-E-L-V-G-Q-R-N-E-N-Q -5.15821 -1.70502 -4.29219 -3.4089 -5.35218
74 F-E-L-V-G-Q-R-N-E-N-Q-G-K-E-N -2.12256 -0.15217 -1.2786 -1.25687 -2.58318
75 G-Q-R-N-E-N-Q-G-K-E-N-D-K-E-E -3.72655 -2.52896 -3.24724 -3.39677 -4.12105
76 E-N-Q-G-K-E-N-D-K-E-E-E-Q-E-E -2.8132 -2.48367 -1.63009 -3.03207 -2.99558
77 K-E-N-D-K-E-E-E-Q-E-E-E-T-S-K -1.74724 -0.88303 -0.8686 -2.73222 -2.92119
78 K-E-E-E-Q-E-E-E-T-S-K-Q-V-Q-L -2.26655 0.164954 -1.16767 -2.4701 -2.47922
79 Q-E-E-E-T-S-K-Q-V-Q-L-Y-R-A-K -2.76508 1.664128 -1.39374 -0.85452 -3.39084
80 T-S-K-Q-V-Q-L-Y-R-A-K-L-S-P-G -7.65786 1.434236 6.686576 9.847755 -7.44623
81 V-Q-L-Y-R-A-K-L-S-P-G-D-V-F-V -6.56392 8.931629 0.69736 1.456627 -4.44008
82 R-A-K-L-S-P-G-D-V-F-V-I-P-A-G -1.55695 49.89676 -1.41812 -1.33788 8.920229
83 S-P-G-D-V-F-V-I-P-A-G-H-P-V-A 0.260205 15.19058 -0.16898 -1.00629 -0.08154
84 V-F-V-1-P-A-G-H-P-V-A-I-N-A-S -0.34396 11.61097 -1.49301 -1.48172 -0.70142
85 P-A-G-H-P-V-A-I-N-A-S-S-D-L-N -1.60097 5.151142 -2.40592 -2.5114 -1.71168
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86 P-V-A-I-N-A-S-S-D-L-N-L-I-G-F -1.2487 29.55598 -2.00901 -2.31034 -2.36744
87 N-A-S-S-D-L-N-L-I-G-F-G-I-N-A -2.8855 5.178131 -3.62042 -1.66584 0.74321
88 D-L-N-L--G-F-G-I-N-A-E-N-N-E -0.95704 11.27963 -2.00867 -1.54164 11.95395
89 I-G-F-G-I-N-A-E-N-N-E-R-N-F-L -1.95184 8.479497 -2.54269 -2.03195 -1.28217
90 I-N-A-E-N-N-E-R-N-F-L-A-G-E-E -11.4088 -3.44133 -13.3101 -13.5696 -12.8608
91 N-N-E-R-N-F-L-A-G-E-E-D-N-V-I -1.40201 32.40804 -3.27134 -3.43653 -2.3998
92 N-F-L-A-G-E-E-D-N-V-I-5-Q-V-E -2.01481 5.250574 -2.1614 -2.02444 -1.41137
93 G-E-E-D-N-V-I-5-Q-V-E-R-P-V-K -2.17424 1.992644 -1.65407 -2.02686 -1.77432
94 N-V-I-S-Q-V-E-R-P-V-K-E-L-A-F -2.85441 2.784612 -2.09036 -2.08895 -0.28559
95 Q-V-E-R-P-V-K-E-L-A-F-P-G-S-S -6.15842 28.97455 -5.02417 -4.01177 -3.46389
96 P-V-K-E-L-A-F-P-G-S-S-H-E-V-D -4.39766 37.95628 -2.58731 -2.60492 -1.87354
97 L-A-F-P-G-S-S-H-E-V-D-R-L-L-K -3.22764 0.250596 -2.35524 -0.90021 -3.54301
98 G-S-S-H-E-V-D-R-L-L-K-N-Q-K-Q -4.03293 -2.79565 -3.46959 -2.64969 -4.51543
99 E-V-D-R-L-L-K-N-Q-K-Q-S-Y-F-A -6.82711 -5.52933 -3.11373 -3.62955 -6.78223
100 L-L-K-N-Q-K-Q-S-Y-F-A-N-A-Q-P -3.17756 -0.98784 -2.02133 -2.08102 -3.63068
101 Q-K-Q-S-Y-F-A-N-A-Q-P-L-Q-R-E -1.89472 8.403089 -0.82905 -1.02467 -3.24907
m (blanks) 17725.34 10699.67 10097.17 10987.35 10346.84
s (blanks) 2939.751 954.8014 570.9965 1183.068 1124.607
Table A45: Calculated Z-scores of Pis s 1 peptides of atopic controls.
The calculated Z-scores of every peptide of Pis s 1 for each atopic control serurfA-E) are listed.
Control No. : Serum A Serum B Serum C Serum D Serum E
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score
1 S-R-S-D-Q-E-N-P-F-I-F-K-S-N-R 1.966491 2.267412 2.080794 1.632326 4.039627
2 Q-E-N-P-F-I-F-K-S-N-R-F-Q-T-L 7.428312 6.18019 5.673549 4.106311 17.77417
3 F-I-F-K-S-N-R-F-Q-T-L-Y-E-N-E 1.241756 1.721836 1.584658 1.55256 3.990945
4 S-N-R-F-Q-T-L-Y-E-N-E-N-G-H-I 0.52381 0.470853 0.784075 0.444564 2.026911
5 Q-T-L-Y-E-N-E-N-G-H-I-R-L-L-Q 0.688445 0.29415 0.579701 0.31993 2.227726
6 E-N-E-N-G-H-I-R-L-L-Q-K-F-D-K 1.635523 3.045937 3.1675 2.137093 6.317055
7 G-H-I-R-L-L-Q-K-F-D-K-R-S-K-| 11.14534 10.03297 14.59413 14.19419 26.27383
8 L-L-Q-K-F-D-K-R-S-K-I-F-E-N-L 1.391116 2.018997 2.200599 2.552125 4.521888
9 F-D-K-R-S-K-I-F-E-N-L-Q-N-Y-R 8.831956 4665793 4.646041 4.632266 9.635071
10 S-K-I-F-E-N-L-Q-N-Y-R-L-L-E-Y 0.209814 -0.07144 0.841864 0.379754 0.453858
11 E-N-L-Q-N-Y-R-L-L-E-Y-K-S-K-P 1.396207 1.18329 0.581111 2.604471 0.969588
12 N-Y-R-L-L-E-Y-K-S-K-P-H-T-L-F 2.674253 2.213042 0.992678 2.815102 5.389045
13 L-E-Y-K-S-K-P-H-T-L-F-L-P-Q-Y 7.243309 3.307008 1.397198 6.149062 3.513248
14 S-K-P-H-T-L-F-L-P-Q-Y-T-D-A-D 0.724088 0.844414 0.101889 0.213991 2.218598
15 T-L-F-L-P-Q-Y-T-D-A-D-F-I-L-V 1.937637 1.412488 0.396469 0.877044 2.676518
16 P-Q-Y-T-D-A-D-F-I-L-V-V-L-S-G 3.203802 2.419274 1.308401 1.628587 4.658808
17 D-A-D-F-I-L-V-V-L-S-G-K-A-T-L 9.327559 3.699785 2.998363 4.378013 6.266851
18 -L-V-V-L-S-G-K-A-T-L-T-V-L-K 4.709282 3.599013 3.721424 4.451547 4.855059
19 L-S-G-K-A-T-L-T-V-L-K-S-N-D-R 2.143007 3.165458 1.677684 1.647282 3.108575
20 A-T-L-T-V-L-K-S-N-D-R-N-S-F-N 1.428456 2.573948 1.354913 1.440389 2.331176
21 V-L-K-S-N-D-R-N-S-F-N-L-E-R-G 1.372446 2.063056 0.605072 0.685107 2.481788
Appendix 261



22 N-D-R-N-S-F-N-L-E-R-G-D-A-I-K 1.382629 1.969314 1.653722 0.651456 1.562906
23 S-F-N-L-E-R-G-D-A-I-K-L-P-A-G 0.483075 0.797543 0.358414 0.140457 0.78855
24 E-R-G-D-A-I-K-L-P-A-G-T-I-A-Y -0.16528 -0.11831 0.358414 0.200281 0.237829
25 A-l-K-L-P-A-G-T-I-A-Y-L-A-N-R 1.139919 2.285692 1.36337 2.05982 4.605561
26 P-A-G-T-I-A-Y-L-A-N-R-D-D-N-E 2.585995 2.073367 1.340819 1.637311 3.499556
27 I-A-Y-L-A-N-R-D-D-N-E-D-L-R-V 4.55483 3.089058 2.09066 2.931012 4.289125
28 A-N-R-D-D-N-E-D-L-R-V-L-D-L-A 1.105974 0.673804 1.073018 1.066487 2.664347
29 D-N-E-D-L-R-V-L-D-L-A-I-P-V-N 0.724088 1.319684 1.614257 0.944346 2.411807
30 L-R-V-L-D-L-A-I-P-V-N-K-P-G-Q 0.50514 0.948936 1.625533 1.451606 2.273366
31 D-L-A-I-P-V-N-K-P-G-Q-L-Q-S-F 0.937944 0.46851 3.250659 0.645224 1.185617
32 P-V-N-K-P-G-Q-L-Q-S-F-L-L-S-G 0.578122 -0.11784 1.228061 1.379319 2.153181
33 P-G-Q-L-Q-S-F-L-L-S-G-T-Q-N-Q 0.605279 0.191972 1.332362 1.462823 1.903683
34 Q-S-F-L-L-S-G-T-Q-N-Q-P-S-L-L 0.391422 0.325085 1.347866 1.582472 1.806318
35 L-S-G-T-Q-N-Q-P-S-L-L-S-G-F-S 0.124951 -0.0991 0.705145 0.802263 1.337749
36 Q-N-Q-P-S-L-L-S-G-F-S-K-N-I-L 0.111373 0.363519 0.519094 0.76238 1.065432
37 S-L-L-S-G-F-S-K-N-I-L-E-A-A-F 0.252246 -0.02785 0.310491 0.362305 0.637939
38 G-F-S-K-N-I-L-E-A-A-F-N-T-N-Y 0.4678 0.089793 0.09766 0.218976 0.936119
39 N-I-L-E-A-A-F-N-T-N-Y-E-E-I-E 0.454222 0.120259 0.0441 -0.2484 0.205882
40 A-A-F-N-T-N-Y-E-E-I-E-K-V-L-L 0.678261 0.447886 0.309082 0.086864 1.328621
41 T-N-Y-E-E-I-E-K-V-L-L-E-Q-Q-E 1.428456 0.655055 0.361233 0.185325 1.26929
42 E-I-E-K-V-L-L-E-Q-Q-E-Q-E-P-Q 0.260733 0.476946 0.39506 0.007098 1.363612
43 V-L-L-E-Q-Q-E-Q-E-P-Q-H-R-R-S 0.610371 0.657868 0.330224 0.186571 0.567958
44 Q-Q-E-Q-E-P-Q-H-R-R-S-L-K-D-R 2.871137 2.09399 1.061742 1.995011 1.864129
45 E-P-Q-H-R-R-S-L-K-D-R-R-Q-E-I 15.80944 6.366736 9.498868 12.49418 6.342918
46 R-R-S-L-K-D-R-R-Q-E-I-N-E-E-N 0.937944 1.449985 1.178729 0.18034 1.273854
a7 K-D-R-R-Q-E-I-N-E-E-N-V-I-V-K 0.265824 0.506006 0.213238 0.280047 0.619683
48 Q-E-I-N-E-E-N-V-I-V-K-V-S-R-E 1.000743 0.537878 0.481038 0.787307 0.698792
49 E-E-N-V-I-V-K-V-S-R-E-Q-I-E-E 1.027899 1.853074 1.184367 1.224772 3.421968
50 I-V-K-V-S-R-E-Q-I-E-E-L-S-K-N 0.520415 1.323902 0.82636 1.206077 4.419959
51 S-R-E-Q-I-E-E-L-S-K-N-A-K-S-S 0.922669 1.373585 1.130807 1.228511 3.035551
52 I-E-E-L-S-K-N-A-K-S-S-S-K-K-S 9.054298 6.876691 8.297994 11.1095 18.1682
53 S-K-N-A-K-S-S-S-K-K-S-V-S-S-E 1.160287 1.381085 1.784804 1.768177 4.973723
54 K-S-S-S-K-K-S-V-S-S-E-S-G-P-F 0.863264 0.207908 1.563516 2.095964 2.738892
55 K-K-S-V-S-S-E-S-G-P-F-N-L-R-S 0.501745 0.259934 1.285849 1.075212 2.471139
56 S-S-E-S-G-P-F-N-L-R-S-R-N-P-I 2.285578 0.743173 5.156271 3.212685 6.423548
57 G-P-F-N-L-R-S-R-N-P-I-Y-S-N-K 18.30952 8.158374 22.91708 38.74958 42.80686
58 L-R-S-R-N-P-I-Y-S-N-K-F-G-K-F 22.3049 12.63524 29.76855 44.96009 49.68707
59 N-P-I-Y-S-N-K-F-G-K-F-F-E-I-T 1.146708 1.336558 1.71292 2.537169 4.921998
60 S-N-K-F-G-K-F-F-E-I-T-P-E-K-N 0.57982 0.891285 0.499361 0.708788 2.058859
61 G-K-F-F-E-I-T-P-E-K-N-Q-Q-L-Q 0.369358 0.055109 0.2076 0.004606 0.913299
62 E-I-T-P-E-K-N-Q-Q-L-Q-D-L-D-I 0.72239 -0.01192 0.734744 0.192803 1.412294
63 E-K-N-Q-Q-L-Q-D-L-D-I-F-V-N-S 1.009229 -0.2158 0.654404 0.065676 1.287546
64 Q-L-Q-D-L-D-I-F-V-N-S-V-D-I-K 1.229875 0.389298 0.603662 0.549256 1.801754
65 L-D-I-F-V-N-S-V-D-I-K-E-G-S-L 0.810649 -0.02551 0.221694 0.160398 1.582683
66 V-N-S-V-D-I-K-E-G-S-L-L-L-P-N 0.732574 0.396328 0.600844 0.427115 2.159266
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67 D-I-K-E-G-S-L-L-L-P-N-Y-N-S-R 2.331404 1.438267 0.641718 1.035329 3.466087
68 G-S-L-L-L-P-N-Y-N-S-R-A-I-V-| 3.962483 2.643317 1.33659 2.729105 3.449352
69 L-P-N-Y-N-S-R-A-I-V-I-V-T-V-T 6.936103 3.66182 3.610076 4.513864 6.913416
70 N-S-R-A-l-V-I-V-T-V-T-E-G-K-G 5.982236 4.549554 4.416296 3.525516 5.986927
71 |-V-1-V-T-V-T-E-G-K-G-D-F-E-L 0.751244 0.545846 0.170953 0.273815 0.534488
72 T-V-T-E-G-K-G-D-F-E-L-V-G-Q-R 0.814043 0.691615 0.209009 0.746178 -1.06138
73 G-K-G-D-F-E-L-V-G-Q-R-N-E-N-Q 1.145011 1.736366 1.050467 1.384304 2.279451
74 F-E-L-V-G-Q-R-N-E-N-Q-G-K-E-N 1.402997 1.091892 1.002544 0.956809 2.623271
75 G-Q-R-N-E-N-Q-G-K-E-N-D-K-E-E 1.090699 0.786763 0.624805 0.777336 1.889991
76 E-N-Q-G-K-E-N-D-K-E-E-E-Q-E-E 0.50514 0.29415 0.788304 0.402188 1.144541
7 K-E-N-D-K-E-E-E-Q-E-E-E-T-S-K 0.267522 0.328366 0.974355 0.298742 1.471626
78 K-E-E-E-Q-E-E-E-T-S-K-Q-V-Q-L 0.342202 -0.13519 0.63608 0.298742 1.576598
79 Q-E-E-E-T-S-K-Q-V-Q-L-Y-R-A-K 1.627036 0.398203 1.562106 1.619862 3.610613
80 T-S-K-Q-V-Q-L-Y-R-A-K-L-S-P-G 6.275864 3.460275 5.315542 7.984921 8.964165
81 V-Q-L-Y-R-A-K-L-S-P-G-D-V-F-V 4.59896 3.780872 3.253478 7.28697 9.254739
82 R-A-K-L-5-P-G-D-V-F-V-I-P-A-G 0.912485 0.318523 1.126578 0.833422 3.148129
83 S-P-G-D-V-F-V-I-P-A-G-H-P-V-A 0.186053 -1.07823 0.352776 0.134225 -0.22618
84 V-F-V-I-P-A-G-H-P-V-A--N-A-S 1.995344 -0.34048 1.789032 0.798524 1.389475
85 P-A-G-H-P-V-A-I-N-A-S-S-D-L-N 1.924059 0.107604 0.435935 0.665166 1.217565
86 P-V-A-l-N-A-S-S-D-L-N-L--G-F 2.221082 0.387892 0.396469 0.569198 2.250546
87 N-A-S-S-D-L-N-L-I-G-F-G-I-N-A 3.891197 0.373362 0.328815 0.506881 1.839788
88 D-L-N-L--G-F-G-I-N-A-E-N-N-E 1.672863 0.023237 0.059605 0.160398 1.622238
89 I-G-F-G-I-N-A-E-N-N-E-R-N-F-L 1.233269 0.41742 0.524732 0.80351 2.87429
90 I-N-A-E-N-N-E-R-N-F-L-A-G-E-E 0.724088 0.56647 0.311901 0.677629 1.062389
91 N-N-E-R-N-F-L-A-G-E-E-D-N-V-| 0.763125 0.664898 0.661451 0.400942 2.03756
92 N-F-L-A-G-E-E-D-N-V-I-S-Q-V-E 1.03978 0.622715 1.075837 1.118834 1.768285
93 G-E-E-D-N-V-I-S-Q-V-E-R-P-V-K 2.005528 1.072206 2.014548 1.221033 2.080157
94 N-V-I-S-Q-V-E-R-P-V-K-E-L-A-F 2.025895 1.132201 2.368327 1.272133 3.078148
95 Q-V-E-R-P-V-K-E-L-A-F-P-G-S-S 0.934549 0.612872 2.664317 1.390536 1.564427
96 P-V-K-E-L-A-F-P-G-S-S-H-E-V-D 0.564544 -0.13519 1.057514 0.686354 -0.51979
97 L-A-F-P-G-S-S-H-E-V-D-R-L-L-K 1.689835 0.711769 1.1745 0.806002 1.445764
098 G-5-S-H-E-V-D-R-L-L-K-N-Q-K-Q 1.442034 1.986656 1.867963 0.946839 3.009689
99 E-V-D-R-L-L-K-N-Q-K-Q-S-Y-F-A 2.830402 2.117426 3.62558 3.086804 6.046259
100 L-L-K-N-Q-K-Q-S-Y-F-A-N-A-Q-P 1.184048 0.540691 1.151949 1.966345 1.620716
101 Q-K-Q-S-Y-F-A-N-A-Q-P-L-Q-R-E 2.789668 0.087918 0.69105 0.523083 2.273366

m (blanks) 9352.381 12190.42 9346.712 9851.305 10695.67

s (blanks) 589.1808 2133.523 709.4833 802.3493 657.3206
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Table A46: Calculated Z-scores of Pis s 1 peptides of non-atopic controls and  derived maximum Z-score of all
controls (A-J).
The calculated Z-scores of every peptide of Pis s 1 for each non-apic control serum (F-J) and the derived maximum

Z-score of atopic and non-atopic controls are listed.

Control No. : Serum F Serum G Serum H Serum | Serum J Max. (A-J)
Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score Z-score Z-score
1 S-R-S-D-Q-E-N-P-F-I-F-K-S-N-R 1.475394 13.13598 0.644663 2.121503 3.121124 13.13598
2 Q-E-N-P-F-I-F-K-S-N-R-F-Q-T-L 4.501443 15.07625 3.140877 3.693318 14.78129 17.77417
3 F-I-F-K-S-N-R-F-Q-T-L-Y-E-N-E 0.790414 3.964828 0.68646 1.165285 2.410617 3.990945
4 S-N-R-F-Q-T-L-Y-E-N-E-N-G-H-1 0.504284 1.225024 -0.0566 0.454314 1.518057 2.026911
5 Q-T-L-Y-E-N-E-N-G-H-I-R-L-L-Q 0.568446 0.895512 0.287066 0.332929 2.376482 2.376482
6 E-N-E-N-G-H-I-R-L-L-Q-K-F-D-K 1.504874 10.38948 1.624572 1.233409 7.611736 10.38948
7 G-H-I-R-L-L-Q-K-F-D-K-R-S-K-| 10.3888 37.02395 18.14603 13.26169 25.91806 37.02395
8 L-L-Q-K-F-D-K-R-S-K-I-F-E-N-L 1.660945 8.12304 1.640827 1.227216 6.266575 8.12304
9 F-D-K-R-S-K-I-F-E-N-L-Q-N-Y-R 3.04998 18.24258 3.702816 3.485229 12.10614 18.24258
10 S-K-I-F-E-N-L-Q-N-Y-R-L-L-E-Y 0.190407 2.865896 0.472831 0.183056 1.549663 2.865896
11 E-N-L-Q-N-Y-R-L-L-E-Y-K-S-K-P 0.356883 7.029126 2.648601 2.091776 3.318347 7.029126
12 N-Y-R-L-L-E-Y-K-S-K-P-H-T-L-F 1.811814 10.77754 3.377728 1.198728 7.387964 10.77754
13 L-E-Y-K-S-K-P-H-T-L-F-L-P-Q-Y 2.002568 11.36297 4.919575 6.164374 8.642099 11.36297
14 S-K-P-H-T-L-F-L-P-Q-Y-T-D-A-D 0.407173 3.369364 0.881513 0.528632 2.824026 3.369364
15 T-L-F-L-P-Q-Y-T-D-A-D-F-I-L-V 1.272501 5.324694 2.985299 0.706994 3.544648 5.324694
16 P-Q-Y-T-D-A-D-F-I-L-V-V-L-S-G 2.092742 6.938803 4.601453 3.945997 6.552295 6.938803
17 D-A-D-F-I-L-V-V-L-S-G-K-A-T-L 2.685813 20.62109 4.866168 5.350598 10.16678 20.62109
18 I-L-V-V-L-S-G-K-A-T-L-T-V-L-K 2.382341 14.76849 4.761675 3.368798 9.276751 14.76849
19 L-S-G-K-A-T-L-T-V-L-K-S-N-D-R 1.520481 7.46067 2.527854 1.053809 3.281684 7.46067
20 A-T-L-T-V-L-K-S-N-D-R-N-S-F-N 1.912393 3.180354 4.130075 0.321782 4.645808 4.645808
21 V-L-K-S-N-D-R-N-S-F-N-L-E-R-G 2.174246 2.544747 3.424169 0.576938 2.282928 3.424169
22 N-D-R-N-S-F-N-L-E-R-G-D-A-I-K 2.219334 6.107495 3.7748 0.454314 4.338596 6.107495
23 S-F-N-L-E-R-G-D-A-I-K-L-P-A-G 2.399683 1.37389 4.766319 0.786266 2.133746 4.766319
24 E-R-G-D-A-I-K-L-P-A-G-T-I-A-Y 2.332052 0.726574 3.027097 0.064148 2.065477 3.027097
25 A-I-K-L-P-A-G-T-I-A-Y-L-A-N-R 0.733188 10.38446 0.284744 1.91713 3.719114 10.38446
26 P-A-G-T-I-A-Y-L-A-N-R-D-D-N-E 0.781744 5.585627 -0.26791 1.334977 4.398016 5.585627
27 I-A-Y-L-A-N-R-D-D-N-E-D-L-R-V 1.726842 8.872388 1.269297 3.578126 5.418264 8.872388
28 A-N-R-D-D-N-E-D-L-R-V-L-D-L-A 0.911803 1.526102 -0.00551 0.838288 2.363839 2.664347
29 D-N-E-D-L-R-V-L-D-L-A-I-P-V-N 0.663823 0.999216 0.136132 0.71938 3.486492 3.486492
30 L-R-V-L-D-L-A-I-P-V-N-K-P-G-Q 0.653418 1.962664 0.303321 0.923753 2.576233 2.576233
31 D-L-A-I-P-V-N-K-P-G-Q-L-Q-S-F 0.434919 2.670195 1.285552 0.750346 5.166679 5.166679
32 P-V-N-K-P-G-Q-L-Q-S-F-L-L-S-G 0.721049 2.347374 0.391559 0.576938 3.167902 3.167902
33 P-G-Q-L-Q-S-F-L-L-S-G-T-Q-N-Q 0.533764 6.30654 1.494537 1.135558 3.539591 6.30654
34 Q-S-F-L-L-S-G-T-Q-N-Q-P-S-L-L 0.701974 2.800662 1.76854 0.580654 1.438409 2.800662
35 L-S-G-T-Q-N-Q-P-S-L-L-S-G-F-S 0.584053 0.537565 0.58429 0.132272 5.213456 5.213456
36 Q-N-Q-P-S-L-L-S-G-F-S-K-N-I-L 0.707176 3.366019 0.84436 0.127318 1.396689 3.366019
37 S-L-L-S-G-F-S-K-N-I-L-E-A-A-F 0.563244 0.763372 1.501503 0.191726 2.188109 2.188109
38 G-F-S-K-N-I-L-E-A-A-F-N-T-N-Y 0.486942 1.39229 0.909378 0.424587 3.745663 3.745663
39 N-I-L-E-A-A-F-N-T-N-Y-E-E-I-E 0.556307 0.624542 1.071922 -0.07334 2.901145 2.901145
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40 A-A-F-N-T-N-Y-E-E-I-E-K-V-L-L 0.851109 1.863977 0.656274 1.036468 3.666016 3.666016
41 T-N-Y-E-E-I-E-K-V-L-L-E-Q-Q-E 1.152847 | 3.839379 | 1559555 | 0.526155 | 2.995964 | 3.839379
42 E-I-E-K-V-L-L-E-Q-Q-E-Q-E-P-Q 1.322791 -0.01107 0.588934 -0.29505 3.068026 3.068026
43 V-L-L-E-Q-Q-E-Q-E-P-Q-H-R-R-S 1501406 | 0201362 | 105799 | -0.14023 | 2.563591 | 2.563591
44 Q-Q-E-Q-E-P-Q-H-R-R-S-L-K-D-R 2.233207 | 3.454660 | 3.468288 | 1.244557 | 2.989643 | 3.468288
45 E-P-Q-H-R-R-S-L-K-D-R-R-Q-E-I 13.03334 19.99887 13.39974 18.69182 17.6347 19.99887
46 R-R-S-L-K-D-R-R-Q-E-I-N-E-E-N 2.430897 1.688349 2.776314 0.545973 3.336047 3.336047
47 K-D-R-R-Q-E-I-N-E-E-N-V-I-V-K 2.481187 0.835297 3.071216 0.222692 5.403093 5.403093
48 Q-E-1-N-E-E-N-V-1-V-K-V-S-R-E 2.918186 | 1.303639 | 2799535 | 0524916 | 2.277871 | 2.918186
49 E-E-N-V-I-V-K-V-S-R-E-Q-I-E-E 0.603129 4.160528 0.078081 1.711519 3.394202 4.160528
50 I-V-K-V-S-R-E-Q-I-E-E-L-S-K-N 0.59099 1.830524 -0.12394 1.554213 4.422036 4.422036
51 S-R-E-Q-I-E-E-L-S-K-N-A-K-S-S 0.825097 1.29193 0.222048 1.271807 4.815218 4.815218
52 I-E-E-L-S-K-N-A-K-S-S-S-K-K-S 6.324008 20.19122 4.164906 7.109445 15.29331 20.19122
53 S-K-N-A-K-5-S-S-K-K-S-V-S-S-E 1.000418 | 3.197081 | 0.331185 | 1585179 | 6.920192 | 6.920192
54 K-S-S-5-K-K-5-V-S-S-E-S-G-P-F 0544169 | 0616179 | 0.303321 | 1.076104 | 3.887259 | 3.887259
55 K-K-S-V-S-S-E-S-G-P-F-N-L-R-S 0.714113 -0.0211 0.379949 0.31435 2.518078 2.518078
56 S-S-E-S-G-P-F-N-L-R-S-R-N-P-| 3.186976 | 2.466132 | 1.882321 | 1574031 | 6.442306 | 6.442306
57 G-P-F-N-L-R-S-R-N-P-I-Y-S-N-K 14.77093 33.217 44.98904 22.7285 30.68491 44.98904
58 L-R-S-R-N-P-I-Y-S-N-K-F-G-K-F 14.69983 | 49.96944 | 4255087 | 33.55222 | 33.94288 | 49.96944
59 N-P-I-Y-S-N-K-F-G-K-F-F-E-I-T 1.463255 4.739266 1.550267 0.884117 5.243798 5.243798
60 S-N-K-F-G-K-F-F-E-I-T-P-E-K-N 0521625 | -0.3088 | 0.349762 | 0.035659 | 1.346119 | 2.058859
61 G-K-F-F-E-I-T-P-E-K-N-Q-Q-L-Q 0.70891 0.221433 0.983684 0.408485 2.027549 2.027549
62 E-I-T-P-E-K-N-Q-Q-L-Q-D-L-D-| 0618736 | 0586071 | 0.616799 | -0.01512 | 2.836668 | 2.836668
63 E-K-N-Q-Q-L-Q-D-L-D-I-F-V-N-S 0.604863 1.884049 1.740675 0.383713 2.475093 2.475093
64 Q-L-Q-D-L-D-I-F-V-N-8-V-D-I-K 1222212 | 2725393 | 1582775 | 05757 | 2.013643 | 2.725393
65 L-D-I-F-V-N-S-V-D-I-K-E-G-S-L 1567302 | -0.12481 | 1013871 | -0.19968 | 1.241187 | 1.582683
66 V-N-S-V-D-I-K-E-G-S-L-L-L-P-N 2.541881 0.226451 1.132296 -0.01265 3.267777 3.267777
67 D-I-K-E-G-S-L-L-L-P-N-Y-N-S-R 2441302 | 2.885967 | 2.147036 | 0.702039 | 4.686264 | 4.686264
68 G-S-L-L-L-P-N-Y-N-S-R-A-I-V-| 2.774254 | 7.502486 | 4.489994 | 2691271 | 4.586389 | 7.502486
69 L-P-N-Y-N-S-R-A--V-1-V-T-V-T 3.929181 | 8002609 | 6.185098 | 5.844809 | 7.312109 | 8.002609
70 N-S-R-A--V-1-V-T-V-T-E-G-K-G 4185832 | 9.998082 | 6.879394 | 4.547969 | 5.427114 | 9.998082
71 1-V-1-V-T-V-T-E-G-K-G-D-F-E-L 2.564425 0.221433 2.258495 0.279668 2.624275 2.624275
72 T-V-T-E-G-K-G-D-F-E-L-V-G-Q-R 3.075992 | -2.30594 | 1.00226 | 1.019127 | 3.004814 | 3.075992
73 G-K-G-D-F-E-L-V-G-Q-R-N-E-N-Q 0.686367 | 1.870668 0.438 3.061619 | 5582617 | 5582617
74 F-E-L-V-G-Q-R-N-E-N-Q-G-K-E-N 0.922208 1.977718 0.20115 1.234648 2.794948 2.794948
75 G-Q-R-N-E-N-Q-G-K-E-N-D-K-E-E 0.722783 0.084276 0.275456 0.95348 3.926451 3.926451
76 E-N-Q-G-K-E-N-D-K-E-E-E-Q-E-E 0.998509 | 0.311757 | 0.159353 | 0517484 | 2.887238 | 2.887238
77 K-E-N-D-K-E-E-E-Q-E-E-E-T-S-K 0.760934 -0.46603 -0.02641 0.475371 2.372689 2.372689
78 K-E-E-E-Q-E-E-E-T-S-K-Q-V-Q-L 0.70024 | -0.43926 | -0.33525 | 0.827141 | 2.40556 2.40556
79 Q-E-E-E-T-S-K-Q-V-Q-L-Y-R-A-K 1.801409 2.206871 0.749156 1.033991 2.9947 3.610613
80 T-S-K-Q-V-Q-L-Y-R-A-K-L-S-P-G 3.287555 10.26069 4.81276 5.805173 9.267902 10.26069
81 V-Q-L-Y-R-A-K-L-S-P-G-D-V-F-V 3.282352 8.397355 5.372377 4.929465 9.764752 9.764752
82 R-A-K-L-S-P-G-D-V-F-V-I-P-A-G 0.67076 2.047969 1.2275 0.682221 2.716565 3.148129
83 S-P-G-D-V-F-V-I-P-A-G-H-P-V-A 0.792148 -0.03448 0.312609 0.106261 0.002223 0.792148
84 V-F-V-I-P-A-G-H-P-V-A-I-N-A-S 0.382895 1.576281 1.612962 1.032752 1.682409 1.995344
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85 P-A-G-H-P-V-A-I-N-A-S-S-D-L-N 0.840704 2.310575 3.398626 0.570745 2.963093 3.398626
86 P-V-A-1-N-A-S-S-D-L-N-L-I-G-F 0.969029 2.190144 3.700494 0.415917 3.228586 3.700494
87 N-A-S-S-D-L-N-L-I-G-F-G-I-N-A 1.295045 1.547846 4.705946 0.650017 2.558534 4.705946
88 D-L-N-L-I-G-F-G-I-N-A-E-N-N-E 1.634933 1.1531 2.409429 -0.05476 1.212109 2.409429
89 I-G-F-G-I-N-A-E-N-N-E-R-N-F-L 1.952278 1.245096 1.673336 -0.03742 2.950451 2.950451
90 I-N-A-E-N-N-E-R-N-F-L-A-G-E-E 2.295635 -0.35229 1.489893 0.216499 13.70036 13.70036
91 N-N-E-R-N-F-L-A-G-E-E-D-N-V-I 2.188119 -0.05288 2.695042 0.075295 3.76842 3.76842
92 N-F-L-A-G-E-E-D-N-V-1-S-Q-V-E 2.793329 0.273286 1.7012 0.140942 1.562306 2.793329
93 G-E-E-D-N-V-I-S-Q-V-E-R-P-V-K 3.797388 1.420725 2.237596 0.843243 3.61671 3.797388
94 N-V-I-S-Q-V-E-R-P-V-K-E-L-A-F 3.620507 0.766718 2.21902 0.63887 3.997249 3.997249
95 Q-V-E-R-P-V-K-E-L-A-F-P-G-S-S 2.997956 -0.68514 2.160968 1.333738 5.95557 5.95557
96 P-V-K-E-L-A-F-P-G-S-S-H-E-V-D 3.289289 -2.15875 1.262331 0.562075 2.810119 3.289289
97 L-A-F-P-G-S-S-H-E-V-D-R-L-L-K 0.856311 3.489795 0.523916 1.744961 3.376503 3.489795
98 G-S-S-H-E-V-D-R-L-L-K-N-Q-K-Q 0.917005 2.962909 0.231337 1.25075 4.467549 4.467549
99 E-V-D-R-L-L-K-N-Q-K-Q-S-Y-F-A 2.472516 3.079995 2.172579 1.386999 7.477726 7.477726
100 L-L-K-N-Q-K-Q-S-Y-F-A-N-A-Q-P 1.019319 1.646533 0.198828 1.15166 3.66728 3.66728
101 Q-K-Q-S-Y-F-A-N-A-Q-P-L-Q-R-E 0.814692 -0.40247 -0.11929 1.062479 3.298119 3.298119

m (blanks) 9544.2 12428.62 9019.374 10125.21 10837.24

s (blanks) 576.6596 597.8531 430.6522 807.3471 790.9836

Table A47: Calculated Z-scores of Pis s 1 IgE inhibition experiments.

The calculated Z-scores of serum pool 1 (pea patients 1, 4, 8) and senm pool 2 (pea patients 3, 10, 11, 13) inhibited

(+) and uninhibited (-) are listed. For inhibition 30 pg rPis s 1 was pr eincubated with both serum pools. As
references, uninhibited serum pools preincubated with protein buffer without rPis s 1 were used. Identified candidate

diagnostic peptides are highlighted in light blue.

IgE inhibition experiment : Pool 1 - Pool 1 + Pool 2- Pool 2 +

Peptide No. Peptide sequence; Z-score Z-score Z-score Z-score
1 S-R-S-D-Q-E-N-P-F-I-F-K-S-N-R 4.836787 3.552239 6.88609 2.935156
2 Q-E-N-P-F-I-F-K-S-N-R-F-Q-T-L 4.353223 13.07424 13.78663 8.044058
3 F-I-F-K-S-N-R-F-Q-T-L-Y-E-N-E 4.360865 2.799871 9.379283 4.011408
4 S-N-R-F-Q-T-L-Y-E-N-E-N-G-H-I 4.822196 0.959604 5.301167 2.312833
5 Q-T-L-Y-E-N-E-N-G-H-I-R-L-L-Q 5.216134 2.751331 24.67098 10.08528
6 E-N-E-N-G-H-I-R-L-L-Q-K-F-D-K 3.957895 4.129863 7.496566 7.749736
7 G-H-I-R-L-L-Q-K-F-D-K-R-S-K-I 3.33885 2.632409 10.73755 4.870945
8 L-L-Q-K-F-D-K-R-S-K-I-F-E-N-L 3.404854 0.896503 5.595652 6.802342
9 F-D-K-R-S-K-I-F-E-N-L-Q-N-Y-R 1.916644 0.949897 5.314402 6.234198
10 S-K-I-F-E-N-L-Q-N-Y-R-L-L-E-Y 2.38006 5.322123 9.63737 7.967915
11 E-N-L-Q-N-Y-R-L-L-E-Y-K-S-K-P 3.626487 2.06874 6.755392 2.169333
12 N-Y-R-L-L-E-Y-K-S-K-P-H-T-L-F 1.44767 1.145876 2.759996 1.946761
13 L-E-Y-K-S-K-P-H-T-L-F-L-P-Q-Y 1.38653 1.540262 8.075609 1.129688
14 S-K-P-H-T-L-F-L-P-Q-Y-T-D-A-D 1.304547 0.380767 7.48664 2.652548
15 T-L-F-L-P-Q-Y-T-D-A-D-F-I-L-V 2.045178 1.941323 32.81232 21.48476
16 P-Q-Y-T-D-A-D-F-I-L-V-V-L-S-G 1.382362 6.946387 14.6039 10.0106
17 D-A-D-F-I-L-V-V-L-S-G-K-A-T-L 1.632481 8.978993 27.75314 19.0189
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18 I-L-V-V-L-S-G-K-A-T-L-T-V-L-K 3.27632 3.805253 36.39825 21.2988
19 L-S-G-K-A-T-L-T-V-L-K-S-N-D-R 1.004403 2.276854 12.46475 5.398089
20 A-T-L-T-V-L-K-S-N-D-R-N-S-F-N 0.101195 0.513038 7.003553 2.022904
21 V-L-K-S-N-D-R-N-S-F-N-L-E-R-G 0.156082 -0.22537 6.73223 4.425801
22 N-D-R-N-S-F-N-L-E-R-G-D-A-I-K 0.322828 -0.49598 13.65262 1.167759
23 S-F-N-L-E-R-G-D-A-I-K-L-P-A-G 0.338114 0.072539 11.14784 0.77533
24 E-R-G-D-A-I-K-L-P-A-G-T-I-A-Y 0.579895 -0.94801 5.676718 -1.04478
25 A-l-K-L-P-A-G-T-I-A-Y-L-A-N-R 5.141099 11.70481 8.998769 5.310232
26 P-A-G-T-I-A-Y-L-A-N-R-D-D-N-E 5.249484 5.613362 10.6631 10.23756
27 |-A-Y-L-A-N-R-D-D-N-E-D-L-R-V 7.885463 7.084726 18.61253 10.6256
28 A-N-R-D-D-N-E-D-L-R-V-L-D-L-A 5.912994 8.293064 26.8945 12.14407
29 D-N-E-D-L-R-V-L-D-L-A--P-V-N 6.506333 13.22289 38.30578 48.60778
30 L-R-V-L-D-L-A-I-P-V-N-K-P-G-Q 7.010045 6.331751 11.13626 8.244666
31 D-L-A-I-P-V-N-K-P-G-Q-L-Q-S-F 7.774993 7.332886 29.10313 13.79725
32 P-V-N-K-P-G-Q-L-Q-S-F-L-L-S-G 4.041963 2.150044 9.164209 4.286694
33 P-G-Q-L-Q-S-F-L-L-S-G-T-Q-N-Q 4.747855 4.496339 8.527262 31.48439
34 Q-S-F-L-L-S-G-T-Q-N-Q-P-S-L-L 5.086906 3.653566 14.32431 6.619306
35 L-S-G-T-Q-N-Q-P-S-L-L-5-G-F-S 6.309017 2.397597 6.108518 4.589802
36 Q-N-Q-P-S-L-L-S-G-F-S-K-N-I-L 2.591966 0.080427 2.348049 2.033154
37 S-L-L-S-G-F-S-K-N-I-L-E-A-A-F 2.091033 0.223619 7.643809 2.33919
38 G-F-S-K-N-I-L-E-A-A-F-N-T-N-Y 3.239497 1.226574 12.8188 6.036519
39 N-I-L-E-A-A-F-N-T-N-Y-E-E-I-E 2.059073 1.006324 18.61253 11.91417
40 A-A-F-N-T-N-Y-E-E-I-E-K-V-L-L 2.00627 0.585848 13.75188 7.083485
41 T-N-Y-E-E-HE-K-V-L-L-E-Q-Q-E 0.745252 4.003659 13.66254 6.260555
42 E--E-K-V-L-L-E-Q-Q-E-Q-E-P-Q 1.40251 6.180671 48.53829 20.04683
43 V-L-L-E-Q-Q-E-Q-E-P-Q-H-R-R-S 0.348535 -0.21749 8.219543 2.132726
44 Q-Q-E-Q-E-P-Q-H-R-R-S-L-K-D-R 0.345756 -0.53239 9.710164 2.525155
45 E-P-Q-H-R-R-5-L-K-D-R-R-Q-E-| 0.953685 0.965065 12.59049 4.065586
46 R-R-S-L-K-D-R-R-Q-E-I-N-E-E-N -0.0322 0.695669 11.49858 3.438871
47 K-D-R-R-Q-E-I-N-E-E-N-V-I-V-K 0.7522 -0.65617 5.552637 2.601298
48 Q-E-I-N-E-E-N-V-I-V-K-V-S-R-E 1.661661 -0.97714 5.496387 0.650866
49 E-E-N-V-1-V-K-V-S-R-E-Q-I-E-E 9.235412 8.060376 8.257594 3.78005
50 I-V-K-V-§-R-E-Q-I-E-E-L-S-K-N 9.177746 9.08487 19.15849 6.090698
51 S-R-E-Q-I-E-E-L-S-K-N-A-K-S-S 7.700652 8.1344 14.0596 10.51138
52 |-E-E-L-S-K-N-A-K-S-S-S-K-K-S 7.413015 10.70974 29.87409 23.97259
53 S-K-N-A-K-S-S-S-K-K-S-V-S-S-E 7.622838 10.47554 51.27055 34.37856
54 K-S-S-S-K-K-S-V-S-S-E-S-G-P-F 6.11309 4.186897 14.27302 7.915201
55 K-K-S-V-S-S-E-S-G-P-F-N-L-R-S 8.828274 2.251978 19.27264 7.516915
56 S-S-E-S-G-P-F-N-L-R-S-R-N-P-| 10.49782 3.23855 15.29214 10.72956
57 G-P-F-N-L-R-S-R-N-P-I-Y-S-N-K 11.29403 6.016242 25.00351 12.47646
58 L-R-S-R-N-P-I-Y-S-N-K-F-G-K-F 15.6079 3.832556 19.29249 17.88261
59 N-P-I-Y-S-N-K-F-G-K-F-F-E-I-T 9.659225 5.431944 10.55557 5.468375
60 S-N-K-F-G-K-F-F-E-I-T-P-E-K-N 9.091594 0.958998 9.9302 2.468048
61 G-K-F-F-E-I-T-P-E-K-N-Q-Q-L-Q 5.753196 -0.0482 7.013479 1.391796
62 E-I-T-P-E-K-N-Q-Q-L-Q-D-L-D-I 6.263856 -0.6859 8.509064 0.338972
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63 E-K-N-Q-Q-L-Q-D-L-D-I-F-V-N-S 8.295381 3.605633 18.19728 4.737695
64 Q-L-Q-D-L-D-I-F-V-N-S-V-D-I-K 7.484577 3.176055 13.42596 5.253124
65 L-D-I-F-V-N-S-V-D-I-K-E-G-S-L 2.977567 1.065179 15.51548 3.41105
66 V-N-S-V-D-I-K-E-G-S-L-L-L-P-N 4.471335 1.176214 10.27432 5.332196
67 D-1-K-E-G-S-L-L-L-P-N-Y-N-S-R 3.349272 -0.13194 13.14306 2.678905
68 G-S-L-L-L-P-N-Y-N-S-R-A-I-V-| 4.806217 2.89331 13.0438 5.575268
69 L-P-N-Y-N-S-R-A-1-V-1-V-T-V-T 1.187824 4.971422 15.95225 7.389521
70 N-S-R-A-I-V-I-V-T-V-T-E-G-K-G 4.323347 9.239895 13.44085 10.76617
71 1-V-1-V-T-V-T-E-G-K-G-D-F-E-L 3.052603 -1.14824 6.781862 0.70358
72 T-V-T-E-G-K-G-D-F-E-L-V-G-Q-R 8.538552 -1.23622 7.986271 -0.24967
73 G-K-G-D-F-E-L-V-G-Q-R-N-E-N-Q 20.77842 4.721442 7.683514 4.827017
74 F-E-L-V-G-Q-R-N-E-N-Q-G-K-E-N 14.06966 7.043467 9.189026 7.882987
75 G-Q-R-N-E-N-Q-G-K-E-N-D-K-E-E 9.798181 4.054019 27.83007 13.64789
76 E-N-Q-G-K-E-N-D-K-E-E-E-Q-E-E 7.146221 4.13411 38.88151 11.76774
77 K-E-N-D-K-E-E-E-Q-E-E-E-T-S-K 9.278488 3.732443 40.90154 8.695667
78 K-E-E-E-Q-E-E-E-T-S-K-Q-V-Q-L 11.52956 8.86189 36.86313 12.30367
79 Q-E-E-E-T-S-K-Q-V-Q-L-Y-R-A-K 34.76773 1.519026 15.68589 4.324766
80 T-S-K-Q-V-Q-L-Y-R-A-K-L-S-P-G 29.13101 13.58815 19.75407 10.07796
81 V-Q-L-Y-R-A-K-L-S-P-G-D-V-F-V 35.29715 24.24963 13.56163 7.415879
82 R-A-K-L-S-P-G-D-V-F-V-I-P-A-G 35.33258 7.96451 34.07298 6.286912
83 S-P-G-D-V-F-V-I-P-A-G-H-P-V-A 35.27561 4.53153 44.13674 4.37748
84 V-F-V-I-P-A-G-H-P-V-A-I-N-A-S 34.35781 10.50011 6.565135 1.61876
85 P-A-G-H-P-V-A-I-N-A-S-S-D-L-N 10.89454 0.148382 2.925437 1.110652
86 P-V-A-I-N-A-S-S-D-L-N-L-I-G-F 26.15807 4.587351 42.05136 5.518161
87 N-A-S-S-D-L-N-L-I-G-F-G-I-N-A 34.31682 10.38786 25.66197 6.172698
88 D-L-N-L-I-G-F-G-I-N-A-E-N-N-E 34.5718 20.56242 19.84176 5.125731
89 I-G-F-G-I-N-A-E-N-N-E-R-N-F-L 18.42208 1.157404 9.245275 5.250196
90 I-N-A-E-N-N-E-R-N-F-L-A-G-E-E 24.48227 0.85039 20.98165 5.800768
91 N-N-E-R-N-F-L-A-G-E-E-D-N-V-I 33.78809 7.281919 71.46756 5.513768
92 N-F-L-A-G-E-E-D-N-V-1-S-Q-V-E 18.61662 -0.66163 25.073 3.668764
93 G-E-E-D-N-V-I-S-Q-V-E-R-P-V-K 2.072274 -0.81574 9.516598 2.595441
94 N-V-I-S-Q-V-E-R-P-V-K-E-L-A-F 9.355608 -0.965 12.83369 3.993836
95 Q-V-E-R-P-V-K-E-L-A-F-P-G-S-S 34.12784 0.499689 83.10797 2.183976
96 P-V-K-E-L-A-F-P-G-S-S-H-E-V-D 34.31473 -1.10091 80.55026 0.671366
97 L-A-F-P-G-S-S-H-E-V-D-R-L-L-K 34.99214 2.031121 26.60663 1.497224
98 G-S-S-H-E-V-D-R-L-L-K-N-Q-K-Q 13.88485 2.604498 7.673588 2.091726
99 E-V-D-R-L-L-K-N-Q-K-Q-S-Y-F-A 14.77034 2.313866 22.15628 1.56751
100 L-L-K-N-Q-K-Q-S-Y-F-A-N-A-Q-P 30.17387 5.913095 81.90687 1.26001
101 Q-K-Q-S-Y-F-A-N-A-Q-P-L-Q-R-E 33.43723 2.741623 71.95726 1.028652

m (blanks) 11292.35 13142.45 12164.73 10943.51

s (blanks) 1439.313 1648.131 604.4458 682.9255
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7.1.6 Peptide sequences of PA1, PA2, Gly m 5.03 and Gly m 8

Table A48: Peptide sequences of PAL.

Peptide No. Peptide sequence

1 A-S-C-N-G-V-C-S-P-F-E-M-P-P-C
2 G-V-C-S-P-F-E-M-P-P-C-G-S-S-A
3 P-F-E-M-P-P-C-G-S-S-A-C-R-C-|
4 P-P-C-G-S-S-A-C-R-C-I-P-V-G-L
5 $-S-A-C-R-C-I-P-V-G-L-V-V-G-Y
6 R-C-I-P-V-G-L-V-V-G-Y-C-R-H-P
7 V-G-L-V-V-G-Y-C-R-H-P-S-G-V-F
8 V-G-Y-C-R-H-P-S-G-V-F-L-R-T-N
9 R-H-P-S-G-V-F-L-R-T-N-D-E-H-P
10 G-V-F-L-R-T-N-D-E-H-P-N-L-C-E
11 R-T-N-D-E-H-P-N-L-C-E-S-D-A-D
12 E-H-P-N-L-C-E-S-D-A-D-C-R-K-K
13 L-C-E-S-D-A-D-C-R-K-K-G-S-G-N
14 D-A-D-C-R-K-K-G-S-G-N-F-C-G-H
15 R-K-K-G-S-G-N-F-C-G-H-Y-P-N-P
16 S-G-N-F-C-G-H-Y-P-N-P-D-I-E-Y
17 C-G-H-Y-P-N-P-D-I-E-Y-G-W-C-F
18 P-N-P-D-I-E-Y-G-W-C-F-A-S-K-S
19 I-E-Y-G-W-C-F-A-S-K-S-E-A-E-D
20 W-C-F-A-S-K-S-E-A-E-D-F-F-S-K
21 S-K-S-E-A-E-D-F-F-S-K-I-T-Q-K
22 A-E-D-F-F-S-K-I-T-Q-K-D-L-L-K
23 F-S-K-I-T-Q-K-D-L-L-K-S-V-S-T
24 S-K-I-T-Q-K-D-L-L-K-S-V-S-T-A

Table A49: Peptide sequences of PA2.

Peptide No. Peptide sequence

1 M-T-K-T-G-Y-I-N-A-A-F-R-S-S-Q
2 G-Y-I-N-A-A-F-R-S-S-Q-N-N-E-A
3 A-A-F-R-S-S-Q-N-N-E-A-Y-L-F-I
4 S-S-Q-N-N-E-A-Y-L-F-I-N-D-K-Y
5 N-E-A-Y-L-F-I-N-D-K-Y-V-L-L-D
6 L-F-1-N-D-K-Y-V-L-L-D-Y-A-P-G
7 D-K-Y-V-L-L-D-Y-A-P-G-T-S-N-D
8 L-L-D-Y-A-P-G-T-S-N-D-K-V-L-Y
9 A-P-G-T-S-N-D-K-V-L-Y-G-P-T-P
10 S-N-D-K-V-L-Y-G-P-T-P-V-R-D-G
11 V-L-Y-G-P-T-P-V-R-D-G-F-K-S-L
12 P-T-P-V-R-D-G-F-K-S-L-N-Q-T-V
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13 R-D-G-F-K-S-L-N-Q-T-V-F-G-S-Y
14 K-S-L-N-Q-T-V-F-G-S-Y-G-V-D-C
15 Q-T-V-F-G-S-Y-G-V-D-C-S-F-D-T
16 G-S-Y-G-V-D-C-S-F-D-T-D-N-D-E
17 V-D-C-S-F-D-T-D-N-D-E-A-F-I-F
18 F-D-T-D-N-D-E-A-F-I-F-Y-E-K-F
19 N-D-E-A-F-I-F-Y-E-K-F-C-A-L-|
20 F-I-F-Y-E-K-F-C-A-L-I-D-Y-A-P
21 E-K-F-C-A-L-I-D-Y-A-P-H-S-N-K
22 A-L-I-D-Y-A-P-H-S-N-K-D-K-I-I
23 Y-A-P-H-S-N-K-D-K-I-I-L-G-P-K
24 S-N-K-D-K-I-I-L-G-P-K-K-I-A-D
25 K-l-I-L-G-P-K-K-I-A-D-M-F-P-F
26 G-P-K-K-I-A-D-M-F-P-F-F-E-G-T
27 -A-D-M-F-P-F-F-E-G-T-V-F-E-N
28 F-P-F-F-E-G-T-V-F-E-N-G-I-D-A
29 E-G-T-V-F-E-N-G-I-D-A-A-Y-R-S
30 F-E-N-G-I-D-A-A-Y-R-S-T-R-G-K
31 |-D-A-A-Y-R-S-T-R-G-K-E-V-Y-L
32 Y-R-S-T-R-G-K-E-V-Y-L-F-K-G-D
33 R-G-K-E-V-Y-L-F-K-G-D-Q-Y-A-R
34 V-Y-L-F-K-G-D-Q-Y-A-R-I-D-Y-E
35 K-G-D-Q-Y-A-R-I-D-Y-E-T-N-S-M
36 Y-A-R-I-D-Y-E-T-N-S-M-V-N-K-E
37 D-Y-E-T-N-S-M-V-N-K-E-I-K-S-I
38 N-S-M-V-N-K-E-I-K-S-I-R-N-G-F
39 N-K-E-I-K-S-I-R-N-G-F-P-C-F-R
40 K-S-I-R-N-G-F-P-C-F-R-N-T-I-F
41 N-G-F-P-C-F-R-N-T-I-F-E-S-G-T
42 C-F-R-N-T-I-F-E-S-G-T-D-A-A-F
43 T-I-F-E-S-G-T-D-A-A-F-A-S-H-K
a4 S-G-T-D-A-A-F-A-S-H-K-T-N-E-V
45 A-A-F-A-S-H-K-T-N-E-V-Y-F-F-K
46 S-H-K-T-N-E-V-Y-F-F-K-G-D-Y-Y
47 N-E-V-Y-F-F-K-G-D-Y-Y-A-R-V-T
48 F-F-K-G-D-Y-Y-A-R-V-T-V-T-P-G
49 D-Y-Y-A-R-V-T-V-T-P-G-A-T-D-D
50 R-V-T-V-T-P-G-A-T-D-D-Q-I-M-D
51 T-P-G-A-T-D-D-Q-I-M-D-G-V-R-K
52 T-D-D-Q-I-M-D-G-V-R-K-T-L-D-Y
53 |-M-D-G-V-R-K-T-L-D-Y-W-P-S-L
54 V-R-K-T-L-D-Y-W-P-S-L-R-G-I-I
55 L-D-Y-W-P-S-L-R-G-I-I-P-L-E-N
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Table A50: Peptide sequences of Gly m 5.0301 and Gly m 5.0302.

Gly m 5.0301 contains a leucine (L) in peptides 1-4 and in peptides 41-44. In contrast Glym 5.0302 contains in the

respective peptides a phenylalanine (F). Amino acid differences between both isafrms are shown in red.

Peptide No. Peptide sequence
1 L-K-V-R-E-D-E-N-N-P-F-Y- F/L -R-S
2 E-D-E-N-N-P-F-Y-  F/L -R-S-S-N-S-F
3 N-P-F-Y- F/L -R-S-S-N-S-F-Q-T-L-F
4 F/L -R-S-S-N-S-F-Q-T-L-F-E-N-Q-N
5 N-S-F-Q-T-L-F-E-N-Q-N-G-R-I-R
6 T-L-F-E-N-Q-N-G-R-I-R-L-L-Q-R
7 N-Q-N-G-R-I-R-L-L-Q-R-F-N-K-R
8 R-I-R-L-L-Q-R-F-N-K-R-S-P-Q-L
9 L-Q-R-F-N-K-R-S-P-Q-L-E-N-L-R
10 N-K-R-S-P-Q-L-E-N-L-R-D-Y-R-|
11 P-Q-L-E-N-L-R-D-Y-R-I-V-Q-F-Q
12 N-L-R-D-Y-R-I-V-Q-F-Q-S-K-P-N
13 Y-R-1-V-Q-F-Q-S-K-P-N-T-I-L-L
14 Q-F-Q-S-K-P-N-T-I-L-L-P-H-H-A
15 K-P-N-T-I-L-L-P-H-H-A-D-A-D-F
16 I-L-L-P-H-H-A-D-A-D-F-L-L-F-V
17 H-H-A-D-A-D-F-L-L-F-V-L-S-G-R
18 A-D-F-L-L-F-V-L-S-G-R-A-I-L-T
19 L-F-V-L-S-G-R-A-I-L-T-L-V-N-N
20 S-G-R-A-I-L-T-L-V-N-N-D-D-R-D
21 |-L-T-L-V-N-N-D-D-R-D-S-Y-N-L
22 V-N-N-D-D-R-D-S-Y-N-L-H-P-G-D
23 D-R-D-S-Y-N-L-H-P-G-D-A-Q-R-|
24 Y-N-L-H-P-G-D-A-Q-R-I-P-A-G-T
25 P-G-D-A-Q-R-I-P-A-G-T-T-Y-Y-L
26 Q-R-I-P-A-G-T-T-Y-Y-L-V-N-P-H
27 A-G-T-T-Y-Y-L-V-N-P-H-D-H-Q-N
28 Y-Y-L-V-N-P-H-D-H-Q-N-L-K-I-I
29 N-P-H-D-H-Q-N-L-K-I-I-K-L-A-|
30 H-Q-N-L-K-[-I-K-L-A-I-P-V-N-K
31 K-I-I-K-L-A-I-P-V-N-K-P-G-R-Y
32 L-A-I-P-V-N-K-P-G-R-Y-D-D-F-F
33 V-N-K-P-G-R-Y-D-D-F-F-L-S-S-T
34 G-R-Y-D-D-F-F-L-S-S-T-Q-A-Q-Q
35 D-F-F-L-S-S-T-Q-A-Q-Q-S-Y-L-Q
36 S-S-T-Q-A-Q-Q-S-Y-L-Q-G-F-S-H
37 A-Q-Q-S-Y-L-Q-G-F-S-H-N-I-L-E
38 Y-L-Q-G-F-S-H-N-I-L-E-T-S-F-H
39 F-S-H-N-I-L-E-T-S-F-H-S-E-F-E
40 |-L-E-T-S-F-H-S-E-F-E-E-I-N-R
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41 S-F-H-S-E-F-E-E-I-N-R-V-L- FIL -G
42 E-F-E-E--N-R-V-L-  F/L -G-E-E-E-E
43 I-N-R-V-L-  F/L -G-E-E-E-E-Q-R-Q-Q
44 L- F/L -G-E-E-E-E-Q-R-Q-Q-E-G-V-|
45 E-E-E-Q-R-Q-Q-E-G-V-I-V-E-L-S
46 R-Q-Q-E-G-V-I-V-E-L-S-K-E-Q-I
47 G-V-I-V-E-L-S-K-E-Q-I-R-Q-L-S
48 E-L-S-K-E-Q-I-R-Q-L-S-R-R-A-K
49 E-Q-I-R-Q-L-S-R-R-A-K-S-S-S-R
50 Q-L-S-R-R-A-K-S-S-S-R-K-T-I-S
51 R-A-K-S-S-S-R-K-T-I-S-S-E-D-E
52 S-S-R-K-T-I-S-S-E-D-E-P-F-N-L
53 T-1-S-S-E-D-E-P-F-N-L-R-S-R-N
54 E-D-E-P-F-N-L-R-S-R-N-P-I-Y-S
55 F-N-L-R-S-R-N-P-|-Y-S-N-N-F-G
56 S-R-N-P-|-Y-S-N-N-F-G-K-F-F-E
57 I-Y-S-N-N-F-G-K-F-F-E-I-T-P-E
58 N-F-G-K-F-F-E-|-T-P-E-K-N-P-Q
59 F-F-E-I-T-P-E-K-N-P-Q-L-R-D-L
60 T-P-E-K-N-P-Q-L-R-D-L-D-I-F-L
61 N-P-Q-L-R-D-L-D-I-F-L-S-S-V-D
62 R-D-L-D-I-F-L-S-S-V-D-I-N-E-G
63 |-F-L-S-S-V-D-I-N-E-G-A-L-L-L

64 S-V-D-I-N-E-G-A-L-L-L-P-H-F-N
65 N-E-G-A-L-L-L-P-H-F-N-S-K-A-|
66 L-L-L-P-H-F-N-S-K-A-|-V-I-L-V

67 H-F-N-S-K-A-|-V-I-L-V-I-N-E-G

68 K-Acl-V-|-L-V-1-N-E-G-D-A-N-1

69 |-L-V-I-N-E-G-D-A-N-I-E-L-V-G
70 N-E-G-D-A-N-I-E-L-V-G-I-K-E-Q
71 A-N-I-E-L-V-G-I-K-E-Q-Q-Q-K-Q
72 L-V-G-I-K-E-Q-Q-Q-K-Q-K-Q-E-E
73 K-E-Q-Q-Q-K-Q-K-Q-E-E-E-P-L-E
74 Q-K-Q-K-Q-E-E-E-P-L-E-V-Q-R-Y
75 Q-E-E-E-P-L-E-V-Q-R-Y-R-A-E-L
76 P-L-E-V-Q-R-Y-R-A-E-L-S-E-D-D
77 Q-R-Y-R-A-E-L-S-E-D-D-V-F-V-|
78 A-E-L-S-E-D-D-V-F-V-I-P-A-A-Y
79 E-D-D-V-F-V-I-P-A-A-Y-P-F-V-V
80 F-V-1-P-A-A-Y-P-F-V-V-N-A-T-S
81 A-A-Y-P-F-V-V-N-A-T-S-N-L-N-F
82 F-V-V-N-A-T-S-N-L-N-F-L-A-F-G
83 A-T-S-N-L-N-F-L-A-F-G-I-N-A-E
84 L-N-F-L-A-F-G-I-N-A-E-N-N-Q-R
85 A-F-G-I-N-A-E-N-N-Q-R-N-F-L-A
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86 N-A-E-N-N-Q-R-N-F-L-A-G-E-K-D
87 N-Q-R-N-F-L-A-G-E-K-D-N-V-V-R
88 F-L-A-G-E-K-D-N-V-V-R-Q-I-E-R
89 E-K-D-N-V-V-R-Q-I-E-R-Q-V-Q-E
90 V-V-R-Q-I-E-R-Q-V-Q-E-L-A-F-P
91 |-E-R-Q-V-Q-E-L-A-F-P-G-S-A-Q
92 V-Q-E-L-A-F-P-G-S-A-Q-D-V-E-R
93 A-F-P-G-S-A-Q-D-V-E-R-L-L-K-K
94 S-A-Q-D-V-E-R-L-L-K-K-Q-R-E-S
95 V-E-R-L-L-K-K-Q-R-E-S-Y-F-V-D
9 L-K-K-Q-R-E-S-Y-F-V-D-A-Q-P-Q
97 R-E-S-Y-F-V-D-A-Q-P-Q-Q-K-E-E
98 F-V-D-A-Q-P-Q-Q-K-E-E-G-S-K-G
99 Q-P-Q-Q-K-E-E-G-S-K-G-R-K-G-P
100 K-E-E-G-S-K-G-R-K-G-P-F-P-S-|
101 S-K-G-R-K-G-P-F-P-S-I-L-G-A-L
102 K-G-R-K-G-P-F-P-S-I-L-G-A-L-Y

Table A51: Peptide sequence of Gly m 8.

Peptide No. Peptide sequence
1 S-K-W-Q-H-Q-Q-D-S-C-R-K-Q-L-Q
2 H-Q-Q-D-S-C-R-K-Q-L-Q-G-V-N-L
3 S-C-R-K-Q-L-Q-G-V-N-L-T-P-C-E
4 Q-L-Q-G-V-N-L-T-P-C-E-K-H-I-M
5 V-N-L-T-P-C-E-K-H-I-M-E-K-I-Q
6 P-C-E-K-H-I-M-E-K-I-Q-G-R-G-D
7 H-I-M-E-K-I-Q-G-R-G-D-D-D-D-D
8 K-1-Q-G-R-G-D-D-D-D-D-D-D-D-D
9 R-G-D-D-D-D-D-D-D-D-D-N-H-I-L
10 D-D-D-D-D-D-D-N-H-I-L-R-T-M-R
11 D-D-D-N-H-I-L-R-T-M-R-G-R-I-N
12 H-I-L-R-T-M-R-G-R-I-N-Y-I-R-R
13 T-M-R-G-R-I-N-Y-I-R-R-N-E-G-K
14 R-I-N-Y-I-R-R-N-E-G-K-D-E-D-E
15 I-R-R-N-E-G-K-D-E-D-E-E-E-E-G
16 E-G-K-D-E-D-E-E-E-E-G-H-M-Q-K
17 E-D-E-E-E-E-G-H-M-Q-K-C-C-T-E
18 E-E-G-H-M-Q-K-C-C-T-E-M-S-E-L
19 M-Q-K-C-C-T-E-M-S-E-L-R-S-P-K
20 C-T-E-M-S-E-L-R-S-P-K-C-Q-C-K
21 S-E-L-R-S-P-K-C-Q-C-K-A-L-Q-K
22 S-P-K-C-Q-C-K-A-L-Q-K-I-M-E-N
23 Q-C-K-A-L-Q-K-I-M-E-N-Q-S-E-E
24 L-Q-K-I-M-E-N-Q-S-E-E-L-E-E-K
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25 M-E-N-Q-S-E-E-L-E-E-K-Q-K-K-K
26 S-E-E-L-E-E-K-Q-K-K-K-M-E-K-E
27 E-E-K-Q-K-K-K-M-E-K-E-L-I-N-L
28 K-K-K-M-E-K-E-L-I-N-L-A-T-M-C
29 E-K-E-L-I-N-L-A-T-M-C-R-F-G-P
30 1-N-L-A-T-M-C-R-F-G-P-M-I-Q-C
31 T-M-C-R-F-G-P-M-I-Q-C-D-L-S-S
32 C-R-F-G-P-M-I-Q-C-D-L-S-S-D-D

7.1.7 Mass spectrometry analysis

7.1.7.1 Peanut extract

Figure A22: Alignment of variants of nAra h 2.01 and nAra h 2.02 (Hale s et al. 2004).

Table A52: Ara h 2.0101- and Ara h 2.0201-specific peptides identified with MS ~ E,

Band PM E S | Start | End Peptide sequence Description
1 11215 | 05| 8.0 | 160 | 169 CDLEVESGGR Ara h 2.0201
1 1196.5 2.2 | 6.7 82 91 DPYSPSPYDR Ara h 2.0201
2 1107.5 0.9 | 86 129 138 CDLDVESGGR Ara h 2.0101
2 2865.2 63|71 56 79 DEDSYERDPYSPSQDPYSPSPYDR | Ara h 2.0101
2 12365 | 1.7 | 6.8 | 160 | 170 CDLEVESGGRD Ara h 2.0201
3 11215 | 08 | 6.8 | 160 | 169 CDLEVESGGR Ara h 2.0201
4 1121.5 50| 7.2 160 169 CDLEVESGGR Ara h 2.0201
5 1107.5 1.3 | 7.8 129 138 CDLDVESGGR Ara h 2.0101

PM, precursor mass; E, precursor mass error [ppm]; S, PLGS peptidecore; start and end position refers to the

accession number outlined in Table 23.
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7.1.7.2 Pea extract

PAl C (P62928) 1 | SCNGVCSPPFI PPCGPLCRCIPAGLVI GNCR\PYGVFLRTNDEHPNLCESDABEKG 60
PAl E (P62930) 1 ASCNGVCSPEWPCGSACRCIPVGLLI GYCR\PSGVFLKGNDEHPNLCESDABEKG 60
PAl F (P62931) 1 ASCNGVCSPEWPCQG SACRCIPVGLVI GYCR\PSGVFLRTNDEHPNLCESDAPKKG 60
PAl1l D (P62929) 1 ASCNGVCSPEWPCQG SACRCIPVGLFI GYCR\PSGVFLKANDEHPNLCESDAPKKG 60
PAl A (P62926) 1 ASCNGVCSPEWPCQG SACRCIPVGLVVGYCR\PSGVFLRTNDEHPNLCESDAPKKG 60
PAl1 B (P62927) 1 ASCNGVCSPEWPCGSACRCIPVGLVVGYCRAPSGVFLRTNDEHPNLCESDAPKKG 60
PAl C (P62928) 61 SG TFCGHYPNBIEYGWCFASKSEABIFSKIT PKDLLKSVSTA 104
PAl E (P62930) 61 SG NFCGHYPNBIEYGWCFASKSEABIFSKIT PKDLLKSVSTA 104
PAl F (P62931) 61 SG KFCGHYPNBIEYGWCFASKSEABRSKIT QKDLLKSVSTA 104
PA1 D (P62929) 61 SG NFCGHYPNBIEYGWCFASKSEABRSKIT PKDLLKSVSTA 104
PAl A (P62926) 61 SG NFCGHYPNBIEYGWCFASKSEABRF-SKIT PKDLLKSVSTA 104
PAl B (P62927) 61 SG NFCGHYPNBIEYGWCFASKSEABRHSKIT QKOLLKSVSTA 104

Figure A23: Alignment of PA1 isoforms.
Multiple sequence alignment of PA1 isoforms PA1 A-F. Numbers written in paentheses represent the respective
UniProt accession number. Differences in the amino acid sequences arghown in red. Amino acid residues framed

in a blue box belong to the propeptide.

Table A53: PAL isoform-specific peptides identified with MS ~ E,

Band PM E S Start | End Peptide sequence Description

PA1

3 10595 | 0.7 | 6.0 109 117 SEAEDFFSK peptide shared by

isoform A, B, D and F

3 1902.7 | 0.4 | 6.0 68 83 ANDEHPNLCESDADCR PA1D

PA1

4 10595 | -05 | 8.4 109 117 SEAEDFFSK peptide shared by

isoform A, B, D and F
PA1

4 2663.1 | -1.1 | 7.2 86 108 | GSGNFCGHYPNPDIEYGWCFAS| peptide shared by

isoform A, B, D and E

4 1902.7 | -0.1 | 7.9 68 83 ANDEHPNLCESDADCR PA1D
PAl
4 10115 | -0.1 | 8.2 109 117 SEAEDVFSK peptide shared by

isoform E and C
PM, precursor mass; E, precursor mass error [ppm]; S, PLGS peptide ste; start and end position refers to the

accession number outlined in Table 27; amino acid residues written in blue belong to the propeptide.
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7.1.7.3 Soybean extract

Table A54: Gly m 8-specific peptides identified with MS ~ E.

Band PM E S Start End Peptide sequence Description
1 1478.7 -1.3 84 117 128 IMENQSEELEEK Glym 8
1 1220.6 -0.4 7.6 136 145 ELINLATMCR Glym8
1 1386.7 -0.2 7.5 34 45 QLQGVNLTPCEK Glym8
2 1478.7 0.0 9.2 117 128 IMENQSEELEEK Glym 8
2 1220.6 0.6 8.5 136 145 ELINLATMCR Glym 8
2 1484.6 0.8 8.1 146 158 FGPMIQCDLSSDD Glym8
2 1386.7 0.2 8.0 34 45 QLQGVNLTPCEK Glym8
2 1185.5 1.0 7.9 97 105 CCTEMSELR Glym8
3 1478.7 -0.1 10.0 117 128 IMENQSEELEEK Glym38
3 1220.6 0.3 9.7 136 145 ELINLATMCR Glym38
3 1185.5 0.4 9.7 97 105 CCTEMSELR Glym8
3 1386.7 0.4 9.5 34 45 QLQGVNLTPCEK Glym8
3 1484.6 0.5 9.4 146 158 FGPMIQCDLSSDD Glym8
3 1514.8 -04 8.4 33 45 KQLQGVNLTPCEK Glym38
3 1475.6 -1.3 8.4 85 96 DEDEEEEGHMQK Glym38
4 1478.7 0.8 8.9 117 128 IMENQSEELEEK Glym8
4 1386.7 0.2 8.9 34 45 QLQGVNLTPCEK Glym8
4 1484.6 1.5 8.8 146 158 FGPMIQCDLSSDD Glym8
4 1220.6 0.6 8.7 136 145 ELINLATMCR Glym38
4 1185.5 0.4 8.7 97 105 CCTEMSELR Glym38
4 1514.8 -0.2 84 33 45 KQLQGVNLTPCEK Glym 8
4 1387.7 -0.2 7.8 34 45 QLQGVNLTPCEK Glym 8
4 1221.6 0.3 7.6 136 145 ELINLATMCR Glym 8
4 1734.8 0.8 7.5 117 130 IMENQSEELEEKQK Glym 8
4 1387.7 0.5 7.5 34 45 QLQGVNLTPCEK Glym 8
5 1494.7 2.6 7.9 117 128 IMENQSEELEEK Glym 8
5 1386.7 -6.4 7.7 34 45 QLQGVNLTPCEK Glym 8
5 1201.5 4.4 7.4 97 105 CCTEMSELR Glym 8
5 1236.6 -1.1 7.3 136 145 ELINLATMCR Glym 8
5 1514.8 2.5 7.2 33 45 KQLQGVNLTPCEK Glym 8
5 1500.6 -1.8 7.1 146 158 FGPMIQCDLSSDD Glym 8
5 1185.5 -0.7 6.6 97 105 CCTEMSELR Glym 8

PM, precursor mass; E, precursor mass error [ppm]; S, PLGS peptide sce; start and end position refers to the

accession number outlined in Table 35.
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7.1.8 Circular dichroism spectroscopy

Figure A24: Circular dichroism spectra of r/arAra h 1, r/arArah 2.02 a

nd 27-mer peptides.

Far-UV CD-spectra (190-255nm) of r/a rAra h 1 (black solid line), r/a r Ara h 2.02 (black dashed line), 27-mer

peptide P (pink) and 27-mer peptide PCH (cyan). Samples were measured at 3uM (exception r/a rAra h 1 at 2 uM).

7.1.9 IgE immunoblot inhibition

1 16 16
l_‘_\ l_‘_\

M P -+ -+ -+ -+
97 ——
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kDa
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Figure A25: IgE immunoblot inhibition using rPis s 1, rPA1 and nPru p 3.

16 PEI131
I 1 1 I 1 1
-+ -+
nPrup 3

IgE immunoblot inhibition of pea total protein using sera of pea-all ergic patient 1, pea-tolerant patient 16 and an

LPT-sensitized donor (PEI131). Serum samples were preincubated with inhibite protein (+) or untreated (-). As

inhibitors rPis s 1, rPA1 and nPru p 3 were used. Pea extract was analyzed uret reducing conditions. The detection

after 2 min of exposure is shown. M, low-molecular weight marker; P, total protein stained with Ponceau S.
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