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1 Introduction

1.1 Food allergy

In Western industrialized nations around 8% of children and 2% of adults suffer from a FA
type | (immediate type) [1]. It is assumed that the distribution of food allergies continues to
increase worldwide [2,3]. For Europe, calculated on the basis of studies from January 2000
to September 2012, the lifetime prevalence of self-reported FA was 17.3%, and evidence of
increasing prevalence was found [4J.The main food all ergens in
milk, peanuts, tree nuts, wheat, soy and fish. Of t hes e, cowbs mil k,
the most important elicitors of severe anaphylactic reactions [5]. Adults usually suffer from
persisting food allery to peanut, tree nuts, fish and shellfish. In total, over 160 allergenic
foods are known [6]. At present, the only reliable therapy is to prevent the intake of allergen-
containing food (elimination diet) and to carry an epinephrine autoinjector. Thereby, FA
allergy affects life quality by permanent awareness towards food and its potentially allergenic
ingredients. Avoiding strategies to accidental allergen intake may even bear the risk of
malnutrition [7]. On the other hand, accidental ingestion of hidden allergens frequently leads
to severe reactions [8]. Allergic diseases cause immense direct (ambulant and stationary
treatment, pharmaceuticals) and indirect costs (mortality, invalidity, incapacity for work). The
annual health care costs for the therapy of asthma and allergies were estimated in 1996 for
Germany to 3.447 billion Euros [9].

The cause of FA is unknown to this day. Maternal nutrition during pregnancy, breastfeeding,
timing of introduction to food and probiotic supplementation, and influence of microbacterial
environment are discussed [10-13]. Since food allergies often occur in more cumulative
numbers in the family vicinity, a genetic predisposion is very probable [14,15]. Environmental
and genetically predisposed individuals are at risk of developing allergy-related diseases
following the pattern: atopic dermatitis (eczema), FA, and asthma / allergic rhinitis. This

phenomenon is referred to as atopic or allergic march [16].

1.1.1 Mechanism of type | food allergy

FA type | is an immediate immunological hyperreaction to non-toxic and normally harmless
food. The response action takes place after 30 minutes to 2 hours and is reproducibly
triggered after the stimulus occurs. It is mediated by immunoglobulin E which shows lowest
concentration in serum of all immunoglobulin classes in humans. The typical course
comprises sensitization and allergic reaction. The proteinaceous food gets in contact with the

mucosa of the gastrointestinal tract and interacts via the epithelial barrier with the immune

chil c
henos



1 Introduction -2-

system, e.g. antigen-presenting dendritic cells (DCs). DCs process allergens and present
peptides on their surface by major histocompatibility complex class-Il (MHC-II). Naive T-cells
recognizing this complex differenciate in TH2-cells and secrete interleukins IL-4 and 13
which induce class-switching of respective B-cells. These cells start production of specific
IgE which spreads from local to systemic distribution in serum. IgE binds highly specific to
FcCRI-receptors on mast cells and basophils where it is susceptible for the allergen. Of lesser
importance is the low affinity receptor Fc(RII on e.g. lymphocytes. At second contact with the
respective allergen, bound IgE directly recognizes the allergen. Two contiguous receptors
cross-link and trigger intra-cellular signal cascades which results in degranulation and
release of histamine and many other mediators (prostaglandins, cytokins, leukotriens etc.) by
the activated cell. Symptoms of the allergic reaction are redness, hives, nausea, vomiting,
shortness of breath and under extreme conditions resulting in anaphylactic shock or death.
Only small amounts of the respective food in the ppm range (mg/kg) can be sufficient to
cause allergic reactions.

Sensitization is the prerequisite for an allergic reaction. In contrast, individuals may have
detectable IgE to an allergen but do not suffer from a FA. This phenomenon, referred to as
tolerance, may be due to the protective presence of immunoglobulin G4 (IgGs4) whose
mechanistic interaction with IgE is subject to recent research [17]. Several studies of HE
allergy have suggested that the level of 1gG,4 or the ratio of IgE/IgGs may be of predictive
value [18-20]. However, these findings were not confirmed in other studies and determination

of 1IgG. in routine diagnostics is not recommended [10,21].

1.1.2 Nomenclature of allergens

Food allergens causing sensitization via the gastrointestinal tract are referred to class | (e.g.
cowdbs mil k, hends egg, peanut) all ergens.
after established primary sensitization to an aero-allergen. Their action is caused by
structural similarities >70% with the aero-allergen [22]. A well-known example is the cross-
reaction between pollen from birch (Bet v 1) and apple (Mal d 1). Data bases like WHO/IUIS
(World Health Organization and International Union of Immunological Societies Allergen
Nomenclature Sub-committee; www.allergen.org) and Allergome (www.allergome.org)
classify allergens according to originating species. The naming of allergenic components
uses the first 3 letters of the Linnaean name and the first letter of the epitheton. Components
are numbered consecutively with Arabic numbers, e.g. Mal d 1 or Bos d 5. Isoforms are
further distinguished by extending the numbers to e.g. Bos d 5.0102. Native and recombinant
variants ar e i ndi cat e dDatawibases liken ®.g. @ltFam
(http://www.meduniwien.ac.at/allfam/) address biological function of allergens and cluster

them in families. Sequences of allergens can be retrieved in Uniprot (www.uniprot.org).

Cl
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1.1.3 Diagnosis and routine diagnostic platforms

The diagnosis of food allergyisbased on t he pcambinednmithdigvivdiskis t or vy

tests and/or in-vitro-diagnostics (immunoassays) [23]. In case of uncertainty, oral food
challenges are conducted.

1.1.3.1 Skin prick test

In the diagnostic course, a skin prick test (SPT) is usually conducted at first. An allergen-
containing solution is contacted with a needle in the skin of the patient; an analogous
procedure is the prick prick test, where the needle is first engraved in the solid allergen-
containing food (e.g. hazel). This method is fast (10 to 20 mins) and inexpensive, but
uncomfortable for the patient. The result (the extent of wheal formation and erythrema is
measured around the injection site) is also highly variable, due to the skills of the medical
staff and the lack of standardized extracts. However, a positive result indicates sensitization
to the allergen pricked. Wheal diameters have been applied to predict the outcome of an oral
food challenge [24-27]. In their review, Peters, Gurrin, Allen [28] found considerable
variations in 95% positive predictive values (PPV) even between pre-selected high-risk
populations. These authors limit the value of the reported results (PPV and SPT) due to
population bias and lacking standard procedures and extracts. However, SPT are considered

similarly sensitive as in vitro tests [29].

1.1.3.2 In-vitro tests

In-vitro test methods such as the ImmunoCAP (Thermo Scientific) measure the allergen-
specific IgE (slgE) using the sandwich principle: allergen-containing native or recombinant
material is bound to a solid phase (cellulose) and brought into contact with the patient's
serum. Specific IgE binds to the allergen, and after washing to remove unspecific serum
components, a secondary antibody against IgE is applied which produces a fluorescent
signal by an enzymatic reaction. The fluorescent signal correlates with the presence of IgE.
The result is quantitative and issued in kUa/l (1 kUn/l = 2.42 ug/l). The analytical sensitivity is
currently at 0.1 kUa/l. Sensitized and non-sensitized patients are distinguished using the
analytical cut-off value of 0.35 kU,/l (equal to 0.847 pg/l), and more recent 0.1 kU 4/l (equal to
0.242 pgll). As a rule, results below this value indicate no clinically relevant food allergy, and
on the other hand, values >0.35 kUa/l are clinically relevant only with corresponding
symptoms. The procedure is relatively inexpensive in high-throughput, however, several
single allergens (components) or mixtures of allergens (so-called panels) can only be driven
sequentially per patient. In addition to the time being consumed, 40 ul serum or plasma of
the patient is needed for one determination, which at multiple determinations leads to
problems especially in pediatric populations. The three main manufacturers of diagnostic IgE

assays on the market are Siemens (Immulite), Thermo Fisher (ImmunoCAP) and Hycor
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(Hytec). In spite of similar performance and CVs <15%, these assays measure different IgE-
populations with different levels of efficiency, which is why their results are not equivalent
[30]. However, these assays provide quantitative results which are used to establish
component-specific cut-offs (1.2). Due to high sensitivity and specificity, low CV and
convenient handling, ImmunoCAP is regarded as the gold standard in allergen specific IgE
testing.

1.1.3.3 Double-blind, placebo-controlled oral food challenge

The gold standard is the double-blind, placebo-controlled oral food challenge (DBPCFC). It is
applied when patientoés history and SPricreasing
doses of the suspected allergen (or placebo) mixed with a non-allergenic matrix (e.g.
pudding) are given to the patient and reactions are observed. Neither patient nor physician
know whether verum or placebo is given. Unblinded oral food challenges without placebo
(ORF) are also applied, especially in pediatric populations. These procedures are expensive,
time consuming and may involve high risks for the patient. They are therefore conducted in
specialized centers only. Although false negative (2% to 5%) and positive (5.4% to 12.9%)
results were reported in children and adults [31,32], a positive food challenge best verifies or
falsifies suspected food allergy, or may even unravel other non-lgE-mediated diseases [33].
However, DBPCFC are conducted with different protocols, and results probably only apply to

populations examined [34].

In general, SPT and determination of slgE are considered as equal sensitive [35].

sl gE d
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1.2 Component-resolved diagnostics

1.2.1 Concept

With advances in molecular biology and purification techniques it became feasible to purify
targeted proteins either from natural crude extracts or from microorganisms like E. coli or
yeast. Crude extracts may vary in their allergen content due to naturally low abundance,
preparational loss or low solubility. In CRD single allergenic molecules (allergen
components) in high purity are used. In this respect, an allergen is typically a mixture of
allergenic components. Thereby, CRD can especially assess allergens which are low
abundant in crude extracs, and it can target specific IgE by exlusion of potentially cross-
reactive allergens. The aim is to dissect the patient bs | gcancemtratipge r t oi r e
diagnostics on essential components with high specificity and predicative value as concerns

clinical reactions [36,37].

1.2.2 The role of native and recombinant proteins in CRD

Native components may be extracted by physicochemical techniques or purified by affinity
chromatography from extracts. Provided non-denaturing conditions, the native structure is
maintained and as such linear and structural epitopes. Native proteins also provide relevant
post-translational modifications. A disadvantage usually is the lack of high purity. In contrast,
recombinant proteins can be produced with constant quality and in large amounts, but may
be misfolded and thus lack functionality. Possible amino acid alterations, truncations and
missing post-translational modifications like glycosylation may also interfere with specific
binding of IgE [38]. On the other hand, not the full protein may be necessary to trigger the
recognition of especially sequential epitopes. On ImmunoCAP, several recombinant proteins

are provided in only fragments, e.g. ¥ 5-gliadin.

Transfer to this study: Native and recombinant CM and HE components will be spotted on a

silicon microarray and evaluated whether they are equally recognized by sIgE.

1.2.3 Applications of CRD

CRD was considerably facilitated by the development of protein microarrays (1.2.4). Since
then, CRD has been employed to identify immunoreactive components and differenciate
multiple sensitizations in the patient. By this approach, sensitization profiles to numerous
components can be mapped and correlated with clinical symptoms (Figure 1). CRD has also
provided insight in cross-reactions caused by components which share structures and

sequences, helping to distinguish primary sensitization to genuine component(s) from
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secondary sensitization (1.1.2). At present, more than 120 components are available for use

in SPT, quantitative and semiquantitative immunoassays [39].

Allergen sources Marker allergens

Allergens for the prediction of the
type and severity of symptoms

@ No reaction

Mild, local reaction

ﬁ Severe, systemic reaction

Species-specific allergens
Cross-reactive allergens

No/low symptoms Mild symptoms Severe symptoms

IgE-reactivity profiles

Figure 1: Principle of CRD. lllustration taken from Valenta, Hochwallner, Linhart, Pahr [40].

Physicians try to relate clinical symptoms to components and have started to establish critical
threshold levels of quantitative slgE that allow prediction of allergic reactions. Well studied
examples in CRD are peanut and tree nuts (hazel) which most commonly cause anaphylactic
reactions in children and persist often lifelong [41,42]. In peanut, 18 allergenic components
(Ara h 1 to 17, and Ara h Agglutinin) have so far been identified and linked to clinical
reactions in pediatric populations. As the most important component (marker allergen, Figure
1), Ara h 2 was determined in several studies [43-48]. Determination of sIgE correlated best

with clinical symptoms as revealed by ROC curve analysis (Figure 2).
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Figure 2: ROC curves of peanut components. The abscissa represents the false-positive-rate (FPR) or fall-out, and the

ordinate the true-positive rate (TPR). lllustration tken from Nicolaou, Murray [43]

The high diagnostic value of Ara h 2 over whole peanut extract suggests that components
might be more appropriate for a reliable assessment of FA, rendering expensive and risky
oral food challenge tests and providing a means of targeted immunotherapie or even
vaccination. However, it has to be taken into consideration that these studies used
guantitative platforms (e.g. ImmunoCAP) which consume 40 ul serum per determined
component. Since 80% of patients are polysensitized [49], microarrays are most suitable for
the preparation of the patient-specific allergen profile especially in pediatrics, where only low

amounts of blood, e.g. capillary blood, are available.

1.2.4 Microarrays

Protein microarrays have become a well-acknowledged tool in bio-analytical and clinical
applications since their introduction [50,51]. Up to thousands of peptides and proteins,
immobilized onto a small area, can be simultaneously assessed (multiplexed) with only a
small volume containing the ligands of interest to be captured. Assumed to be even more
sensitive than macroscopic bioassays [52], these characteristics match the needs of CRD
because small concentrations of IgE (ng/ml) against individual allergenic molecules must be
detected in limited patient material (serum, plasma). Microarrays have proven to be of
immense value for immunological and clinical phenotyping not only in allergy, but also in

cancer research, drug screening and antibody binding studies [37,53-56].
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1.2.4.1 ImmunoCAP ISAC

The most common microarrayed detection platform in research for CRD, the ImmunoCap
ISAC (Thermo Fisher), is based on 112 components (43 are food allergens) from 51 sources
spotted on standard glass slides. Native and recombinant components are used. Captured
IgE is detected by secondary antibodies conjugated to a fluorescent label and is expressed
in semi-quantitative results (Internal Standardized Units, ISU) according to an external
calibration serum. Either IgE-, 19G- or IgGs-specific signals from 30 pl sample volume (serum
or plasma) can be detected, diluted 1:2 or 1:50, respectively. The disadvantages of the ISAC
are that it is very expensive and only provides semi-quantitative results which cannot be
converted into kUa/l [57]. The analytical sensitivity of the ImmunoCAP (0.1 kUa/l) is not
achieved. Several studies have assessed the ISAC with mixed results from excellent to
consi der ab lfercehdingllergeDd/[686H9].1 n gener al, CVb6s <25% ar ¢
for ISU>1 with a sensitivity of 0.3 to 1.0 ISU. Potential interference between IgE and other

isotypes is suspected [60].

1.2.4.2 Coated silicon microarray

Cretich, Di Carlo, Longhi et al. [61] introduced a microarray based on silicon substrate,
coated with a functional polymer copoly(DMA-NAS-MAPS) [62]. Compared to glass slides,
this microarray provides low background, high sensitivity and better reproducibility, shown for
sera of 30 adults with sensitization to inhalant allergens [63]. The improved performance of
silicon/silicon oxide (Si/SiO- ) slides with controlled oxide layer of 100 nm is due to enhanced
fluorescence intensity by optical interference [64]. This microarray is not commercially
available, but its surface chemistry is published. Provided technical equipment, this
microarray can be self-prepared for customized purposes. A disadvantage is that raw
fluorescence data must be processed which may become laborious depending on the
number of spotted analytes. Calibration and reference to standards need to be established

individually.

Transfer to this study: The performance of the copoly(DMA-NAS-MAPS)-coated silicon slide
will be compared with the ISAC glass slide for selected components. Results from both
platforms will be referenced to quantitative results from ImmunoCAP. Different types of

normalizations and calibrations will be applied. Surface chemistry will not be targeted.
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1.3 Wheat

Wheat is, besides rice and maize, one of the most important crops and part of our daily diet.
It is also broadly used as ingredient in many food products and thus hard to avoid. Wheat is
a potent elicitor of several allergic diseases: b a k er 0 s , feod allergyan infancy and
childhood, wheat-dependent exercise-induced anaphylaxis (WDEIA), coeliac disease, food
protein-induced enterocolitis syndrome and wheat hypersensitivity [65-67]. An overview of
components described as inhalative and/or ingestive is shown in Supplement Table 1.

1.3.1 Food allergy to wheat

Allergy to ingested wheat affects 0.4 to 1% of infants and often co-occurs with allergy to CM
and HE [68]. Most children easily outgrow the disease by onset of school age (5 to 8 years),
a minority show a resolution during teenage years [69-73]. There has been a considerable
research on the complexity of the wheat flour proteome [74-76]. It is clear now that a broad
spectrum of proteins, despite variations in wheat sources, cultivars and seed maturation, can
trigger allergic reactions with a considerably high variance between patients, populations and
relative importance [67,77-79].

For wheat allergy a correlation between specific IgE titer versus clinical reactivity to oral food
challenge could not be determined, and clear cut-offs have not been established yet [80-83].
One problem in elucidating the role of IgE titers could be that, due to source and processing,
some wheat proteins could be underrepresented in commercial test systems, or that wheat
extracts lack sufficient purity [84,85]. As shown by Wan, Gritsch, Hawkesford, Shewry [86],
amount and c o nygbadissidiffear betweea tultivars which might explain regional
differences in sensitization. Cross-reactivity among gliadins and LMW-glutenins as well as
sequence homologies with other cereals also complicate specificity [87,88].

The degree of protein solubility was suggested to be a parameter for the various clinical
manifestations as water and salt-soluble proteins can be resorbed in the mucosa of the
respiratory tract as well as from the digestive system. In contrast, water-insoluble proteins
may be only relevant in food allergy or celiac disease [89-91]. A correlation between age,
allergen pattern and symptoms was suggested by Battais et al. who found that in children,
suffering from AD, the major allergens belong to the water and salt soluble proteins, whereas

the storage proteins gliadin affects adults struggling with urticaria and anaphylaxis [92].

1.3.2 Wheat proteins

According to their solubility, wheat proteins can be classified as (i) water (albumins) and (ii)
salt soluble (globulins) proteins (~15-20% of the kernel), which comprise enzymes and
proteins to maintain structure, metabolism and defence against pathogens. Storage proteins,

which account for approx. 80% of the kernel and are to be consumed during germination, are
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(iil) gliadins which can be solubilised with water/alcohol diluents, and (iv) glutenins, partly
soluble in mild acidic and alkaline solutions with reducing agents. Gliadins and glutenins are
commonly referred to as O0glutend. I n cont

exist since a cut-off level of 20 ppm has been defined in regard to celiac disease. Gliadins

are further di stingui-s hed d igldinsn caccording rto ¢heir U

electrophoretic mobility from fast, intermediate to slow [93]. Glutenins are polymeric,
consisting of high (HMW) and low (LMW) molecular weight subunits. Despite these
classifications, gliadins and glutenins feature a wide polymorphism, and a huge amount of
highly repetitive sequences and non-repetitive domains as well as sequence homologies,
resulting in cross-reactions and similar immunological recognition patterns [92,94-99]. Food
allergy to wheat in infants can be triggered by all storage proteins. The role of proteins of the
al bumin and gl obul i-amyIr as ¢-amylasd/trygsis imrebiorsdAAl apd
AATI) is under discussion [92,100].

1.3.3 CRD of wheat food allergy

CRDs u g g e s t-géadin t® tie a major allergen and useful in the diagnostic workup, also in

combination with additional tests [101-103], although differences among populations should

rast

be considered [104]. The cl i ni cal and pgliadig is ovell dacumented buti e o f

not undisputed, since panels of components correlate better to wheat challenge outcomes
and severity of reaction [101,102,104-110]. Most recent results suggest that measurement of
IgE to at least 5 components (AAI 0.19, U-, -, b a ngliadirs, and HMW-glutenin subunits)
may improve wheat allergy diagnostics [76]. Still, the association between food allergy or

tolerance to ingested wheat and corresponding protein classes is still poorly understood.

Transfer to this study: Water/salt soluble and water insoluble proteins will be seperately
analysed in immunoblots with sera of tolerant and allergic individuals in order to compare

IgE-binding recognition pattern. Selected protein bands will be assessed by MALDI-TOF MS.

14 Cowds miheknbdasnde gg

CM allergy affects about 2%, and HE about 0.5 - 2.5% of children [111]. They often co-occur.
Both have a good prognosis to be outgrown by onset of school age [112]. However, allergic
reactions from mild skin symptoms to severe anaphylaxis occur. Major allergens are Us;-,
Us.-, b-, and a-casein, and U-lactalbumin and b-lactoglobulin [113]. Epitopes of these have
been identified and linked to clinical symptoms [114-116]. Most patients are sensitized to
several components with great variance in their profile [117]. This may be attributed to
several characteristics of CM proteins: heterogenity with few functional and structural

features, genetic polymorphism with several isoforms, and only partially known secondary

t

¥
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and teriary structures [118,119]. CRD for CM allergy has so far not revealed marker
components that separate sensitized from allergic individuals, although severe systemic
reactions were found to correlate with the number of recognized components [120]. Several
studies showed that casein is the most dominant component individuals are sensitized to, but
the predicative value is under discussion. Testing to native components of casein did not
improve clinical phenotyping, t hat 6 s wh wariants and peptides averd suggested
[121-124].

Major food allergens in HE are located in the egg white fraction, they are ovomucoid,
ovalbumin, ovotransferrin and lysozyme [125]. In general, higher levels of sIgE to HE
correlate with the number of components an individual is sensitized to [126]. High levels of
slgE to ovomucoid correlated with clinical symptoms and persistence of allergy which is

attributed to its resistence to heating [127,128].

Transfer to this study: Native and recombinant components of CM and HE will be compared
on a silicon microarray to assess functionality of recombinants. Results will also be applied to

evaluate the performance of the silicon microarray in comparison to ISAC and ImmunoCAP.
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2 Hypotheses and Objectives

Until now, neither a single laboratory parameter can prove the diagnosis of food allergy nor
predict the natural time course of the disease.

Commercial test systems may lack sufficient amounts of important elicitors, especially water
insoluble proteins. This may be true for wheat because wheat-specific IgE does not correlate
well with clinical symptoms. Tolerance or allergy to wheat could therefore be associated with
a certain pattern of recognized proteins, especially in the water-insoluble fraction.

To answer this question, 106 sera of clinically tolerant and allergic children were analyzed in
immunoblots to water and salt soluble albumins and globulins, and to water insoluble gliadins
and glutenins. By comparison of IgE-binding pattern, differences and similarities were
analyzed and quantified in a semi-quantitative manner. The identity of recognized protein
bands was assessed with MALDI-TOF MS. Of special interest was the significance of ¥ 5-
gliadin which was quantitatively determined in selected sera.

CRD may improve diagnostics by targeting allergens on the molecular level by use of native
and recombinant proteins. Recombinant proteins can be produced in large amounts and high
purity, but may be misfolded, lack necessary post-translational modifications and thereby
lose functionality.

Anot her i ssue in CRD is the availability
pediatric populations. Therefore, microarrayed platforms are the matter of choice. The
commercially available ImmunoCAP ISAC glass slide covers a large total number of
components to food, but lacks sensitivity and reproducibility especially in the low detection
range. Its semi-quantitative results are thereore of limited value. Parallel detection of different
immunoglobulins is not established, although e.g. IgG4 might be of diagnostic value.

The aim of this study is the comparison of native and recombinant CM and HE components
on a polymer-coated silicon microarray with proposed higher sensitivity and reproducibility
compared to the ImMmunoCAP ISAC. The parallel detection of specific IgE and 1gG. is to be
established with quantitative results.

By application of a large amount of well-described individual sera, functionality of
recombinant proteins will be assessed by correlations of obtained fluorescences with
guantitative and semi-quantitative results from ImmunoCAP ad ImmunoCAP ISAC.
Biochemical methods and MALDI-TOF MS will be employed to explain differences. The
feasibility of parallel detection of specific IgE and 1gGas will be assessed, and internal and
external calibrations applied to generate quantitative results. The performance of the silicon
microarray will be evaluated by determination of working range, sensitivity and coefficient of

variation.

of

pat



-13 -

3 Materials and Methods

3.1 Subjects

The sera used in this study had been collected from patients who were treated in the
Department of Pediatric Pneumology and Immunology, Charité Universitatsmedizin Berlin.
Stored at -20°C, aliquots from these sera were taken at the time of analyses. Due to limited
volumes, the number of assays and tests was limited.

All studies were approved by the local ethical committee and all patients provided written
informed consent before entering the study.

3.1.1 Subjects in the wheat study

Retrospectively, the population comprised in total 106 children selected for the study when
they were admitted to the clinic of Pediatric Pneumology and Immunology for oral wheat
challenge. Criteria for wheat challenges were suspicion of wheat-related symptoms by
parents or physicians such as immediate type symptoms (urticaria, vomiting or wheezing) or
worsening of eczema after ingestion of wheat containing products. All children with
suspected wheat allergy underwent oral wheat challenge using wheat/gluten powder
(Kroener, Ibbenbueren, Germany). Seven increasing doses were administered at 30-min
intervals using a semi-log scale ranging from 3mg to 3g protein. Both, immediate (e.g.
urticaria, vomiting, wheezing) and late reactions (worsening of eczema of at least 10 points
increase in SCORAD score within 24 hours) were recorded. SPT was not performed in these
children. Sera were obtained from all patients at the time when the i.v.-line was placed before
the oral food challenge. In case of insufficient amount, additional serum samples that were
collected for medical reason within 3 months before or after the oral wheat challenge were

used.

3.1.2 Subjects in the microarray study

Retrospectivly, the populations comprised 82 individuals in the initial microarray assessment,
and 91 serum samples of 49 individuals were available for the final microarray. All children
were challenged with cowbdbs milk and/ or henbés egc¢
Clinical data on the individuals for the final microarray was published in Ahrens, Lopes de

Oliveira, Grabenhenrich et al. [129].
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3.1.3 Sera
Applied individual sera and determined laboratory parameters are summarized in Table 1.
Table 1: Sets of individual sera used in the microarray study. Allergen names according to the World Health Organization

and International Union of Immunological Societies (WHO/IUIS) are given in brackets and are only indicated once for

components spotted on ImmunoCAP ISAC. Cap classes and ISU are explained in Table 3.

guantitative semi-quantitative
o _n [oxvatscomponen SENIU SN componens SHEWISU
A 82 hends egg 1.07 (0.017 110) - - -
cowb6s mil k 0.63(0.017 67.2) - - -
ovomucoid (Gal d1) 0(0-58.21)
hen's egg 0.8 (0.017 102) -
ovalbumin (Gal d2) 0 (0 -18.30)
Us-¢asein (Bos 0 (0 - 30.05)
cow's milk 2.71(0.017 365) -
b-casein (Bos d 0 (0-14.25)

B 91| Ulactalbumin - 02(0-142) ' scasein (Bos d 0 (0 - 33.56)
b-lactoglobulin - 0.12 (0 - 23.6) : casein (Bos d8) 0(0-26.23)
casein - 0.48 (07 276) | U-lactalbumin (Bos d4) 0(0-15.72)

b-lactoglobulin (Bos d5.0101) 0(0-15.21)
b-lactoglobulin (Bos d5.0102) 0(0-9.57)
14 | U-lactalbumin 0.21 (07 34) not used U-lactalbumin (Bos d 4) 0(0-2.97)
B.1 b-lactoglobulin (Bos d5.0101) 0(0-5.97)
15 | b-lactoglobulin 1.04 (0.01 - 8.87) not used
b-lactoglobulin (Bos d5.0102) 0 (0 -5.96)
B2 15 ovomucoid 1.06 (0 - 29.4) not used ovomucoid (Gal d1) 1.48 (0 - 28.45)
ovalbumin 0.55 (07 59) not used ovalbumin (Gal d2) 1.86 (0 - 14.95)
U-lactalbumin 0.045 (07 0.72) - -
B.3 12| b-lactoglobulin 0.085 (07 0.42) - -
casein 0.045 (07 0.70) - -
hen's egg 56.80 ; 98.40 - - -
ovomucoid - 0.39;1.29 - -
ovalbumin - 0.15; 2.08 - -

C 2 |cow's milk 727.00 ; 6.60 - - -
UHactalbumin - 7.99;0.38 - -
b-lactoglobulin - 4.87;2.41 - -
casein - 8.17;3.15 - -

D 12| hen's egg not used 0.09 (0-0.67) - -

Several individual sera with defined parameters of interest were pooled and applied as
positive, negative and atopic controls. Negative and atopic controls were composed of sera
determined for specific IgE to CM, HE, wheat, soy, peanut and codfish (fx5 panel on
ImmunoCAP) dust

Dermatophagoides farina), cat and dog dander, timothy grass (Phleum pretense), common

and to house mite  (Dermatophagoides pteronyssinus and

silver birch (Betula verrucosa), cultivated rye (Secale cereale), mugwort (Artemisia vulgaris)
and mould fungus (Cladosporium herbarum) (SX1 panel on ImmunoCAP). Positve sera used

in microarray assays were also measured with ImmunoCAP ISAC, and specific IgE to

components was partially determined on ImmunoCAP. Details are shown in Table 2.
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Table 2: Composition of HE and CM pool sera. Quantitative and semi-quantitative results, determined on ImminoCAP (in
kUa/l) and ImmunoCAP ISAC (ISU). Platform-specific reference codes precede allergen names. HE and CM components in

gray were determined, but not spotted. Cap classes and ISU are explained in Table 3.

HE low HE medium HE high CM low CM medium CM high
Allergen (unit) fl Cap:1-2 f1 Cap:3-4 f1 Cap:5 f2 Cap:1-2 f2 Cap:3-4 f2 Cap:5-6
f1 HE (kUA/I) 0,97 18,9 44,4 0,96 12 27,8
f2 CM (kUa/l) 1,56 12,0 63,1 0,94 21 >100
232 ovalbumin (kUa/l) 1,09 25,7 57,8 - -
233 ovomucoid (kUa/l) 0,80 26,3 20,0 1,08 - 21,3
76 UHlactalbumin (kUa/1) - 5,47 - 0,47 - 99,3
f77 b-lactoglobulin (kUa/I) - 4,06 - 0,63 - 36,2
78 casein (kUa/) - 11,7 - 0,29 -
nGal d1 (ovomucoid) (ISU) 0 3,67 4,93 0 8,51 11,53
nGal d2 (ovalbumin) (ISU) 0 1,28 4,15 0 1,9 8,15
nGal d3 (ovotransferrin) (ISU) 0 1,22 1,05 0 0 0,83
nGal d5 (albumin) (ISU) 0 0,55 0,3 0 0 0,27
nBos d4 (U-actalbumin) (ISU) 0 0,68 1,56 0 1,33 14,28
n Bos -hétoglpHulin) (ISU) 0 0,54 3,56 0 5,59 7,23
nBos d8 (casein) (ISU) 0 3,28 20,91 0 5,08 20,45
nBos d lactoferrin (ISU) 0 0 3,39 0 0,82 0
nBos d6 serumalbumin (ISU) 0,29 0 0 0 0 0

The atopic control in the wheat study had 0.16 kU/l in fx5 panel, and 2.16 kUA/l in SX1, but
only positive for dust mite (d1 on ImmunoCAP) in order to avoid possible cross-reactions due
to primary respiratory sensitization to grass and birch. The negative pool had 0.07 kUA/l in fx5
and SX1, respectively. In the microarray study, the atopic control was 0.05 kU4/l in fx5, and
7.33 kUA/l in SX1. The negative pool was determined with 0.05 kUa/l in x5 and 0.16 kU/l in

SX1. Negative and atopic pool sera were negative on ImmunoCAP ISAC.

3.2 Determination of specific IgE and 1gGa

All guantitative measurements were performed with the ImmunoCAP 100 or 250 FEIA
(Fluorescence Enzyme Immuno Assay) system (previously Phadia, Uppsala, Sweden, now
Thermo Fisher Scientific, Waltham, Massachusetts, USA). Semi-quantitative results in ISU
were obtained by a customized ISAC chip (VBC-GENOMICS, Vienna, Austria; Phadia,
Uppsala, Sweden) and published previously [129].

IgE-specific results are reported in kUa/l which corresponds to 0.994 kU/I, calculated from 3
individual sera for each of 5 allergens, according to the WHO International Reference 75/502
which defines 1 U IgE as 2.42 ng. The quantitative concentration of sIgE is also converted in
6 arbitrary CAP classes of different ranges and commonly interpreted for the patient (Table

3), but are not considered in the diagnostic workup anymore.
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Table 3: ImmunoCAP and ImmunoCAP ISAC classes and evaluation according to the provider

class | IgE in kUI/I evaluation ISAC IgE range | ISU evaluation
0 0.107 <0.35 | negative 0 <0.3 undetectable or very low
>0.357 <0.70 | low positive 1 ®™.3-<1 | low
>0.70 7 <3.50 | moderate positive 2 Al - <15 | moderate to high
>3.501 <17.5 | positive 3 as very high

>17.57 <50.0 | high positive
>50.01 <100 | very high positive

o 01 A W DN P

>100 very high positive

IgG4-specific results are reported in mga/l and are obtained by automatic dilution of serum in
the system. The majority of sera was measured with a lower limit of 0.35 kU4/l. For statistical

reasons, results given as fAi<0.350 were converted

3.3 Wheat cultivar and additional grains

For immunoblot analyses with single patient serum, only one cultivar of common wheat
(Triticum aestivum) was used. The cultivar Akteur is a winter wheat and belongs to the
gual ity gr ol th& mastifrequantt celtivgted group E soft wheat in Germany
(https:/lwww.dsv-saaten.de/getreide/winterweizen/sorten/akteur.html; access 2015-12-21)
and was also subject to detailed proteomic research [85]. Peeled grains, harvested in 2009
and stored in a depot, were obtained from a regional supplier in 2010. Additional grains of
ancient or ecologically cultivated cultivars were obtained from IGV (Institut fir
Getreideverarbeitung GmbH, Nuthetal, OT Bergholz-Rehbriicke, Germany) and

Getreideziichtungsforschung Darzau Hof.

3.4 Antibodies and antigens

Cy3-labeled streptavidin Jackson ImmunoResearch, West
Grove, USA

Goat anti-human IgE, labeled with *?°lodine DiaMed., Windham, USA

Goat anti-human IgE, Gchain, serum Calbiochem, Darmstadt, Germany

Goat anti-mouse 1gG, HRP Conjugate (H+L) Novagen, Darmstadt, Germany

human IgE kappa, monoclonal, from human myeloma Nordic Immunology, Tilburg

serum
human 1gG4 from human myeloma plasma Calbiochem, Darmstadt, Germany
Human IgG, purified Invitrogen, Darmstadt, Germany

Mouse anti-human IgE, Fc Fragment specific (HP6029)  Calbiochem, Darmstadt, Germany

Mouse anti-human 1gG4, Fc Fragment specific (HP6025) Calbiochem, Darmstadt, Germany
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3.5 Molecular analyses

3.5.1 Recombinant plasmids

Recombinant plasmids were kindly provided by Dr. Hugh Sampson, Mount Sinai School of
Medicine, New York, and prepared by Galina Grishina.

Kappa-casein was in pCMV-SPORT®6 vector, other CM clones in pSPORT1 vector. HE
clones were in pCR 3.1-Uni vector. For later production of recombinant proteins, all inserts
were cloned in pET24b vector from Novagen (now Merck Millipore, Darmstadt, Germany).
This vector carries N-terminal a sequence coding for T7-tag of 11 AA (MASMTGGQQMG)
and C-terminal a Hexahistidin-Tag. Plasmid DNA was transferred to Charité at .concentration

of 30 pg/ul. Accession numbers of cDNA in Table 4.

Table 4: Accession numbers of recombinant proteins in NCBI database.

Protein cDNA Accession number | entry name

U s-tasein X00564 Bovine mRNA for pre-alpha S1-casein B

U s-easein NM174528 Bos taurus casein alpha-S2 (CSN1S2), mRNA
a-casein X00565 Bos taurus mRNA for pre-kappa-casein A
(Hactalbumin M18780 Bovine alpha-lactalbumin mRNA, complete cds
b-lactoglobulin X14712 Bovine mRNA for beta-lactoglobulin

PREDICTED: Gallus gallus serine peptidase
ovomucoid XM_015293764.1 inhibitor, Kazal type 7 (putative) (SPINK7), transcript
variant X2, mRNA

Gallus gallus ovalbumin (SERPINB14) (OVAL),

ovalbumin NM_205152 mMRNA

There are no publicationsf r om Dr . Sams p o n 6which aakbd fay thoseoctoies r

(personal communication with Galina Grishina).

3.5.2 Transformation of Escherichia coli cells

Stem solutions of plasmid DNA were diluted to a concentration of 3 pg/pl in 50 pl pure water.
2 vials of 25 pl diluted DNA per allergen were mixed with 25 pl BL21(DE3) bacteria cells
(Invitrogen) and kept on ice for 30 minutes. After incubation in a water bath at 42°C for 30
seconds, vials were replaced on ice. 250 pl of pre-warmed SOC medium were added and
vials were shaken at 300 rpm and 37°C for 1 hour (Eppendorf Thermomixer). 500 ul pre-
warmed LB medium with Kanamycin (25 pg/ml) were added to the vials. 50 pl or 500 pl of
this transformation reaction were plated onto LB agar plates and incubated at 37°C in
inverted position overnight. The following day, 3 clones per plate and allergen were picked

and transferred into 2 ml vials with 1ml LB medium with Kanamycin (25 pg/ml). Vials were

abs
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incubated at 700 rpm and 30°C overnight and 300 pl autoclaved glycerol (87%) were added.
These glycerol stocks were stored at -80°C.

In order to verify successful transformation with plasmid DNA, 3 clones per allergen were
picked and grown in 1ml LB with kanamycin (25 pg/ml) at 700 rpm and 30°C (Eppendorf
Thermomixer) overnight. 50 ul of the cell suspension were transferred into fresh 1 ml LB with
kanamycin (25 pl/ml) and cultivated at 700 rpm and 37°C for 2 hours. Protein expression was
induced by adding 10 pl of 0.1 M IPTG (final concentration 1 mM IPTG). One culture
remained uninduced and served as negative control. After 2 to 4 hours at 700 rpm and 37°C,
cells were harvested by centrifugation at 20800 x g, discarding the supernatant. The cell
pellets were transferred in -20°C overnight (lysis). The next day, cells were thawed on ice,
mixed with 100 ul 2x sample buffer w/o DTT and heated at 60°C and 1400 rpm (Eppendorf
Thermomixer) for 20 minutes. After centrifugation at 20800 x g for 10 minutes, equal
amounts of supernatants were loaded on Bis-Tris 4-12% gels and proteins were separated.
After electrophoresis, gels were incubated in 20% acidic acid (fixation) and stained with

Coomassie Blue R250 solution.

3.5.3 Mini-Prep

Purification of plasmid DNA was performed with EURXx GeneMATRIX Plasmid Miniprep DNA
Purification Kit accordingtot he manuf acturer 6s instructions.
Per allergen, 8 ml LB medium with Kanamycin (25 pg/ml) were inoculated from glycerol
stocks in 15 ml Falcon tubes and incubated with 250 mot/min at RT overnight. Cultures were
centrifuged at 1125 x g (Sigma) for 1 minute and the supernatant discarded. Fresh LB
medium with Kanamycin (25 pg/ml) was added, cell pellets were resuspended and
incubation was continued at 275 mot/min and RT overnight.

1.5 ml of cell suspension were transferred into 2 ml vials and centrifuged at 20800 x ¢
(Eppendorf) and RT for 2 minutes. The supernatant was discarded and the pellet was dried
by inverting the vial upside down onto a paper towel. The cell pellet was suspended in 250 pl
buffer Cell-R and 200 pl lysis buffer were added. After gently inverting the vial several times,
the mixture was kept at RT for 4 minutes. 350 pl neutralization buffer were added and mixed
by gentle inversion. After centrifugation at 20800 x g for 7 minutes, the plasmid DNA-
containing supernatant was transferred onto the spin column which had been activated with
40 pl activation buffer and kept at RT previously. The loaded spin column was centrifuged at
11000 x g for 1 minute and the flow-through discarded. After two washing steps with 500 pl
and 650 pl PX buffer at 11000 x g for 1 minute, a final centrifugation without washing buffer
was performed for 2 minutes to completely remove liquid. The spin column was transferred

into a new vial and 50 pl elution-PX buffer were added. After two minutes incubation, the
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plasmid DNA was eluted by centrifugation at 11000 x g for 2 minutes and the DNA content
was determined (NanoDrop). Until further analysis, the plasmid DNA was stored at -20°C.

3.5.4 Sequencing

Both strands of plasmid-DNA was sequenced forward and reverse by Eurofins MWG GmbH
(Ebersberg, Germany). Sequences were compared online with target sequences in BLAST

(http://blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome).

3.6 Biochemical analyses

3.6.1 Protein overexpression and purification under denaturing conditions

Per allergenic protein, 30 ml LB medium with kanamycin (final concentration 25 pug/ml) were
inoculated from stock solutions and incubated at 150 mot/min and 37°C overnight. From this
pre-culture, respectively 7 ml were transferred into 4 culture flasks with 500 ml pre-warmed
LB medium with kanamycin, and cultivated at 37°C under constant shaking with 150
mot/min. For the expression of a-casein, TB medium was used. ODeggo Was observed, and at
a value of approximately 0.6 500 ul 1 M IPTG were applied (final concentration 1 mM) to
induce protein expression. Growing was stopped when the ODeggo Was between 1.8 and 2, or
at latest after 6 hours. Samples of un-induced state and stages after protein induction were
taken and analyzed in SDS-PAGE. The cultures were centrifuged at 5445 x g and 4°C for 1
hour. The supernatant was discarded and the cell pellets were weighted. Per 1 g cell pellet,
2.5 ml denaturing lysis buffer pH 8.0 with Pl were applied. Cells were re-suspended by gently
pipetting, pooled and transferred into a 50 ml Falcon tube to be stored at -20°C.

The lysate was thawn on ice and up to 8 ml were loaded on Poly-Prep columns with 1 ml Ni-

NTA resin, pre-equilibrated with lysis buffer pH 8.0. Per allergen, two columns were used in

parallel. Binding of the HIS tagged allergenstothe Ni-NTA resin was conducted

testtube rotator at RT for 1 hour.

The columns were placed vertically and the flow-through was collected to be analyzed in
SDS-PAGE and repetition of the purification procedure in case of clear target protein
remained. Three washing steps at pH 6.3 with each the same volume as the lysate were
performed. Four elution steps with 1 ml elution buffer pH 5.9 and another 4 with elution buffer
pH 4.5 were conducted. The protein content of wash fractions and elutions was quickly
checked with dot blots. Columns were extensively washed with bidest and stored at 4°C.
SDS-PAGE was performed with samples from all fractions clearly positive in dot blot
analysis. Elutions with high protein content were pooled. Formation of cysteine-mediated
inter-protein-bonds and precipitation was prevented by dilution of pooled allergen-specific

eluates with 8 M urea and adjustment of pH to 7.4. Dialysis against 2 to 4 | PBS pH 7.4 was
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conducted at 4°C under stirring overnight. Depending on the volume of elutions, dialysis was
repeated to remove urea completely. Amicons or Centricons with specific MWCO were used

for concentratonof pr oteins according to. the manuf

3.6.2 Protein overexpression and purification under native conditions

Protein expression and purification was only applied to U-lactalbumin and ovalbumin. 50 ml
LB pre-warmed medium with kanamycin (25 pg/ml) were inoculated with 1 ml pre-culture and
treated as described above. Pellets were transferred into -80°C until purification. After
thawing on ice, each pellet was resuspended in 5 ml BugBuster solution including 5 pl
benzonase (=125 U), 1 pl lysozyme (=30 kU) and 20 pl mix of PI. The suspensions were let
onaf 5 8t8sttube rotator at 4°C for 30 mins and centrifuged at 5000 x g at 4°C for 40 mins.
The supernatants were transferred into fresh tubes, pellets were treated with 100 ul SB/DTT.
Poly-Prep columns were loaded with 1 ml Ni-NTA-agarose, corresponding to 0.5 ml resin,
and equilibrated with 1 ml BugBuster solution. 5 ml supernatant were transferred into each
column and 2.72 mg imidazole were added. Binding to the resin was conducted at 4°C on a
rotator for 1 hour. After 5 times washing with 4 ml washing buffer, proteins were eluted with 5
times 0.5 ml elution buffer. SDS-PAGE was performed with samples from all fractions.
Elutions 2 and 3 of each protein were pooled and dialyzed against 4 | PBS at 4°C under
stirring overnight. Amicons with 3 and 10 MWCO were used to concentrate proteins to a
volume of ~300 pl (4045 x g at 4°C for 30 mins). The protein content of the final solutions

was determined and proteins were stored at -20°C.

3.6.3 Regeneration of columns

Columns were regenerated by applying 15 ml of 0.2% acidic acid, 30% (w/v) glycerin, bidest,
20% (v/v) ethanol and bidest. Finally, columns were filled with 5% NiSO, (in bidest) until
residual bidest was replaced. Columns were incubated at 4°C overnight and washed with 30
ml bidest.

3.6.4 Native allergenic proteins

Native allergenic proteins were purchased from Sigma Aldrich, Steinheim, Germany except

actur e

for henos egg white whi ¢ hNeweakschepVoaen] Geentny.b y Ovo

Storage accordingtothes up pl i er 6 suniluse.t ructi ons
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Table 5: Native components and extracts.

Component / extract purity

Albumin from chicken egg white, Grade VI,
U-casein, from bovine milk O070%
U-lactalbumin from bovine milk, Type |, 085 %
[3-casein, from bovine milk, 098 %
[3-lactoglobulin B from bovine milk, 090%
3-lactoglobulin (A+B) from bovine milk, 09 0%
a-casein, from bovine milk, O070%
Casein technical grade
Egg white powder 080 %

Skim milk powder, for microbiology not given
Trypsin inhibitor from chicken egg white, Type 11-0, ]

partially purified ovomucoid containing ovoinhibitor notgiven
Trypsin inhibitor from chicken egg white, Type 1lI-0 | not given

3.6.5 Determination of protein content

Protein content relative to BSA was determined with a BCA assay (Pierce) according to the
manuf act ur er Olisthid assayt protein sampges are incubated with a mix of copper
sulfate (CuSOQ.), sodium hydroxide (NaOH), potassium sodium tartrate tetrahydrate
(KNaC4Hs06-4 H-O) and bicinchoninic acid (BCA). The alkali conditions mediate the
reduction of copper ions from Cu?* to Cu'* by peptides of at least 3 AA length, leading to the
formation of a chelate complex (Biuret reaction). Two molecules BCA then react with Cu®*
ions. The water soluble chelate complex strongly absorbs at 562 nm in a linear way with
increasing protein concentration.

9 standard dilutions of provided BSA solution (2 mg/ml) were prepared in the solvent
corresponding to that of the samples with unknown protein content. 25 pl of standard
dilutions and several dilutions of samples were transferred in two replicates into a 96 well
standard plate. 200 pl working solution (a mix of provided Reagent A with Reagent B in
relation of 50:1) were added and the plate was shaken for 30 seconds. After incubation at
37°C for 30 mins, the absorbance at 550 was measured on a plate reader. Protein content in

the samples was calculated from the standard concentrations using linear regression.

3.6.6 Determination of protein purity

Proteins were separated in SDS-PAGE, stained with colloidal Coomassie and scanned in
transmissive light mode on a calibrated imager (GS-800). The optical density (OD) of the gel

image was analyzed with Image Lab 5.0 software. Lanes were automatically detected and
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manually adjusted with variable lane width. All lanes had equal relative fronts from O to 1.
Bands were automatically detected with high sensitivity, background was subtracted with
disk size 10. Disk size refers to the resolution at which the lane is scanned, sizes OL0 mm
are recommended by the manufacturer. Measured intensity of recognized bands (OD) was
integrated and expressed in relative percentages per lane and bands.

3.6.7 TCA precipitation

TCA precipitation was only applied to the supernatant of centrifuged water-insoluble wheat
proteins. 4 parts of the supernatant were mixed with 1 part 50% TCA solution to obtain a final
TCA concentration of 10%. This mix was vortexed and let at RT for 30 mins. After
centrifugation at 16060 x g for 2 mins (Biofuge Pico), the supernatant was carefully removed
and discarded. The pellet was resuspended in sample buffer with DTT, heated at 70°C for 10

mins under heavy rotation and stored until use in SDS-PAGE.

3.6.8 Separation of proteins in SDS-PAGE

In general, pre-cast standardized Bis-Tris gels (Invitrogen) were used to guarantee equal
conditions and comparability. According to the manufactureros
buffer with freshly added DTT at 50 mM final concentration was used. Samples were heated
at 70°C for 10 mins under heavy rotation on a thermomixer (Eppendorf). Electrophoresis was
usually performed at 200 V with MES (resolution of medium and small proteins) or MOPS
(resolution of large proteins) running buffer, and 500 pl antioxidant solution was added to the
cathode chamber in order to avoid re-oxidation of sulfhydryl groups. During the purification
process of recombinant proteins, self-cast discontinuous Tris-Glycine gels at different
percentages of acrylamide were used and run with Tris-Glycine running buffer containing
0.1% SDS (Table 6). Samples were treated with a self-prepared sample buffer at the same
conditions mentioned above. Gels were run at 100 V for 10 mins (focusing of proteins at the

border of stacking and separating gel) and then at 180 V until finishing separation.

Table 6: Composition of self-cast Tris-Gylcine gels. Volumes are sufficient for casting 2 gels.

Stacking gel Seperating gel
Component 4% 10% 12% 13% 14%
Bidest [ml] 3.7 2.8 3.1 1.8 1.4
1 M Tris, pH 6.8 [ml] 0.625 - - - -
1 M Tris, pH 8.8 [ml] - 3.75 3.75 3.75 3.75
Acrylamide [ml] 0.650 3.3 4.0 4.3 4.7
SDS [u] 50 100 100 100 100
APS 0.1 mg/ml [] 25 50 50 50 50
TEMED [u] 5 5 5 5 5
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3.6.9 Staining of SDS-PAGE gels

Gels were stained with solutions based on Coomassie Blue G-250 or R-250 which selectively
bind to positively charged and uncharged residues in proteins [130]. Ready-to-use Safe Stain
solution or self-prapared Coomassie R-250 were used for initial wheat protein preparations
and recombinant proteins. Self-prepared colloidal Coomassie solution was applied to gels to
be submitted to MS analysis. Generally, staining was conducted overnight at RT. Gels were
destained with bidest until background was low and scanned. Protein bands of interest were
excised and stored in 0.5 ml vials at -20°C.

3.6.10 Staining of membranes

PVDF membranes were stained with Amido Black solution for 30 minutes under gentle

shaking and treated with destaining solution until background colour was removed.

3.6.11 Documentation of stained SDS-PAGE gels, membranes and X-ray films

Initially, gels were scanned in colour on a HP ScanJet 5317C office scanner. Due to the
thickness of gels and the unperpendicular optical path, images obtained were not sharp.
Succeeding gels were scanned with the densitometer GS-800 (calibrated transparency,
BioRad) and processed with the Quantity One software. X-ray films and membranes were
scanned with both HP ScanJet and GS-800.

3.6.12 Protein digestion and identification with MALDI-TOF mass-spectrometry

Matrix-assisted laser desorption/ionization (MALDI), Time-of-Flight (TOF) mass spectrometry
is a means to analyze proteins, peptides, sugars and DNA. The sample is mixed with a
matrix, e.g. HCCA, and transferred onto a plate where the dried mix forms a crystal. In a high
vacuum, this crystal is shot with a pulsed laser beam. The energy of the laser is absorbed by
the matrix and transferred on the sample molecules. lonized molecules start flying in the
electric field applied and are detected in a time-dependent manner according to their mass,
provided the molecule is singly charged. Large molecules impinge later compared to smaller
ones. Results are depicted in m/z (mass/charge) and intensity (arbitrary units). In case of
multiple charging, the time of flight is reduced and the specific molecule-specific peak shifts
to smaller values in the mass spectrum. The resolution is improved by application of a
reflector which increases the flight path and is suited for peptides. Proteins are measured
without additional reflexion of ions (linear mode). The MALDI-TOF mass spectrometer is
calibrated with standard molecules (proteins, peptides), dependent on the samples to be

examined.


http://dict.leo.org/ende/index_en.html#/search=perpendicular&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
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Tryptic digestion was performed accor di nigk
Gel Tryptic Diges t i o n Th&ma Scienffic, Pierce Biotechnology, Rockford, USA) with
some modifications. Each band was destained twice with 200 pl DS at 37°C on a
Thermomixer at 700 rpm for 30 mins. Reduction with 100 pl 50 mM TCEP in DB at 60°C for
10 mins and alkylation with 100 pl 100 mM IAA in DB at RT for 1 h were conducted. After two
additional treatments with 200 pyl DS at 37°C and 700 rpm for 15 mins, 100 pl ACN were
applied for 15 mins. ACN was discarded and gel bands were air dried. 15 pl activated trypsin
in DB (MS grade) with a concentration of 0.01 pg/pl were applied. After 10 mins, 25 pl DB
were added and the gel band was disrupted with a fresh tip. The digestion was conducted at
37°C and 700 rpm overnight. After short centrifugation up to 16000 x g and 10 mins
sonification treatment, proteolytic digests were collected (first supernatant). Few pl of 1%
TFA/ACN (70%/30%, v/v) were added to the remains in the vial, 10 mins sonication and
centrifugation were applied. The second supernatant was collected and pooled with the first
one. 2 ul of this pool were mixed with 2 pl matrix solution (2 mg HCCA in 100 pl 0.1%
TFA/ACN (70%/30%, v/v), diluted 1:2 in 50% ACN, sonicated for 10 mins and shortly
centrifuged at 16100 x g) and approximately 1 pl were dotted on an MTP AnchorChip TM
800/384, mounted on an MTP 384 target plate ground steel, and let dry. A mix of peptides

1:2 in matrix solution was also applied to calibrate the system (Table 7).

Table 7: Peptide calibration standard for MALDI-TOF MS.

Peak label ([M+H]+, mono isotopic) | Reference Mass/Da (m/z)
Bradykinin (1-7) 757.399160

Angiotensin Il 1046.541800

Angiotensin | 1296.684800

Substance P 1347.735400

Bombesin 1619.822300

Renin Substrate 1758.932610

ACTH clip (1-17) 2093.086200

ACTH clip (18-39) 2465.198300
Somatostatin (28) 3147.471000

Samples and peptide standards were measured in reflector mode in the range from at least
500 to 6000 m/z according to settings shown in Supplement Figure 1.
Processing and analysis of measured m/z spectra was conducted with flexAnalysis

programme using a modified method, S/N was set to 2 for all analyses (Figure 3).

(0]

t

he
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Figure 3: Settings of the method protocol to process and convert an m/z spectrum into mass list.

Measured m/z spectra were processed and submitted to Mascot search engine in order to
identify matches with sequences in SwissProt databases wWh eat st udy: plant€d her gr
microarray study: i Ot hmammali afdo r CM, and AMet az)ola genefalp r HE ¢
mass tolerances from 50 to 500 ppm and missed cleavage sites (partials) of up to 5 were
applied to the spectra until the hit with highest significant score was achieved. As defined in
Mascot , i p r oli0*dg(f), veher® P ig thei probability that the observed match is a
random eventd Protein scores greater than 55, 54 or 63 are significant (p<0.05) in databases
AOt her gr efe@t hpdra nmamnnda | fi Medtreapectively. Hits with high scores
and sequence coverage obtained by lowest ppm and partials are reported. For the
application of theoretical in silico digested protein sequences to the m/z values of the
digested peptides, a mass tolerance of maximal 200 ppm and 2 partials were accepted in the
wheat study. In identification of purified native and recombinant proteins, also tolerances

greater 200 ppm and partials greater 2 were accepted.

3.6.13 Protein extraction of wheat proteins

For extraction of water and salt soluble (albumins and globulins) and water insoluble (gliadins
and glutenins) protein fractions, a modified protocol was applied as described elsewhere
[84]. Grains were ground (ProfiMixx 47 with grain top element) and 10 grams flour were
dissolved in 40 ml 0.5 M NaCl with protease inhibitors cocktail (Roche complete, EDTA-free)
and mixed on a testtube rotator at 4°C overnight. After centrifugation with 12000xg for 20
minutes at 4°C, the supernatant with water and salt-soluble proteins was isolated, aliquoted
and stored at -20°C. The pellet was manually crushed and two washing steps in with 0.5 M
NaCl and one washing step with ultrapure water were performed in a volume of 100 ml/step
on a shaker with 350 mots/min at 4°C. Protein content was checked photometrically at 280

nm. Water-insoluble proteins were extracted overnight with 40 ml 80 mM Tris-HCI, pH 8.0,
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50% propan-2-ol (v/v) and 20 mM DTT on a shaker with 350 mots/min at 4°C, and recovered
by centrifugation with 120009 for 20 minutes at 4°C, aliquoted and stored at -20°C.

Additional grains were either ground manually with mortar and pistil, or with a falling number
mill to a size of <0.8 mm. Protein extraction of these cultivars was conducted with
modifications of the standard protocol based on suggestions by DuPont, Chan, Lopez,
Vensel [131]. Water and salt soluble proteins were extracted with 1.5 ml 0.3 M Nal from 250
mg wheat flour. After 1 hour rotation at RT, albumins and globulins were obtained by
centrifugation at 16100 x g for 5 mins. Two washing steps with equal volume of Nal and
another two washing steps with Bidest followed. Gliadins were extracted with 1.5 ml 50%
propan-2-ol at RT for 1 hour and obtained as described above. The solvent was evaporated
by application of nitrogen and proteins resuspended in 1.5 ml 8 M urea by 30 mins
sonification. Glutenins and other protein remains were extracted with 1.5 ml LDS SB with 200

mM DTT at RT overnight. This extract was not used in the present study.

3.7 Immunoblots

3.7.1 Dot Blots

Dot blots used in this study were prepared on nitrocellulose membrane which was treated
with usually 1 pl of the protein solution.

During all allergen detections with *iodine labelled anti human IgE from goat, a positive
control was used. Droplets of 1 pl containing myeloma IgE at 166.3 (Cap 6), 83.1 (Cap 5),
41.6 (Cap 4), 10.4 (Cap 3), 2.6 (Cap 2), 0.52 (Cap 1) and 0.26 (Cap 0) kU/l were applied
onto a nitrocellulose membrane along with PBS (diluent), dried overnight and used the next
day or stored at -20°C between Whatman sheets. There was no quantification of the signals
obtained.

Dots blots were also used during the purification process of recombinant allergens in order to
check the protein content of elutions qualitatively. The treated membrane was therefore

incubated with Ponceau-S solution which indicated protein content by displaying red spots.

3.7.2 Western Blot

In the first immunoblot screen of wheat subjects, water and salt soluble proteins and a
prestained 10 band molecular weight marker (Fermentas) were separated in a SDS- PAGE
on 4-12% Bis-Tris Zoom gels (1.0 mm x IPG well, invitrogen) with 20 pg protein per cm gel
under reducing conditions and blotted onto 0.45pum Immobilon-P membrane (Millipore) at 30
V for one hour. Water insoluble proteins were applied with 30 pg protein per cm gel. The
membrane was stored between Whatman papers overnight (blocking) and cut into strips of

approximately 3 mm broadth. Patient serum with <50 kUa/I was diluted 1:5 in PBS-Tween
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0.05% (v/v) with 1% BSA and 10% Goat serum (v/v), or 1:10 if the specific IgE was larger
than 50 kUA/l. Negative and atopic (no food allergy, but allergy to house dust mite) sera were
also applied and diluted 1:5. The background control was only treated with 1:5 in PBS-Tween
0.05% (v/v) with 1% BSA and 10% Goat serum (v/v). After wetting with PBS-T 0.05%, strips
were placed in incubation trays and 300 pl diluted serum per strip were applied. Incubation
was conducted on a Duomax rocking shaker at 18/mins at RT for 2 hours. After washing
three times with PBS, strips were incubated with '?iodine labelled anti human IgE from goat
(Ringel Immunologische Laboratorien, Aachen) diluted 1:20 to 1:40 in PBS-Tween 0.05%
(v/v) with 1% BSA and 10% Goat serum (v/v). A dot blot with myeloma IgE at concentrations
corresponding to CAP classes 0 to 6 was also incubated and served as positive control.
Strips were dried, arranged on Whatman paper and transferred into an autoradiography
cassette with intensifying screen (Thermo Fisher). Kodak BioMax XAR films were exposed at
-80°C for up to 15 days (depending on the level of specific IgE and estimated strength of the
125iodine labelled antibody) and scanned with similar settings among films (highlights 223,
shadows 5, midtones 2.3-2.9, resolution 300) and saved as TIF. Each strip image including
negative controls was cut from the whole film image and signals were individually amplified
to visualize minimal binding reactions. Bands were independently counted by three members
of the work group from printed figures.

The second immunoblot screen re-used the serum dilutions from the first screen. Incubation
with serum was performed in 15 ml tubes, lying on a rocking platform at 4°C overnight. All

subsequent steps were performed as described above in 4 well incubation chambers.

3.7.3 lllustration of protein fractions in SDS-PAGE, determination of Western blot efficiency

and handling of immunoblots

The protein content of the fractions obtained during the extraction process was determined
photometrically at =280 nm for the wash fractions during the extraction process, and with a
BCA assay for albumins/globulins and gliadins/glutenins fractions after finishing the
extraction. A frozen aliquot of albumins/globulins was used in different dilutions (in 0.5 M
NacCl) to determine protein content against a calibrated BSA standard. Due to incompatibility
of propan-2-ol and DTT in the extraction buffer of gliadin/glutenin proteins with the BCA
assay, these proteins, having precipitated by freezing at -20°C, were pelleted by short
centrifugation at 10.000 x g. The supernatant was discarded and the pellet resuspended in
5% SDS. Different dilutions were assayed with 5% SDS as diluent for protein samples and

BSA concentration standards.
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Table 8: Protein content of wheat extracts and washs

Fraction Protein content [mg/ml]
albumin/globulin fraction 8.8
wash 1 0.41
wash 2 0.08
wash 3 0.04
gliadins/glutenins fraction 8.5

Samples of water-soluble albumin/globulin proteins and of all washing fractions were diluted
1:2 with LDS SB (x2,) with and without DTT. The high content of propan-2-ol (50%) in the
water-insoluble gliadin/glutenin protein fraction impeded proper loading of the gel, thus the
supernatant was discarded and the pellet was resuspended in sample buffer (x2) with and
without DTT to the final volume equal to the water-soluble protein sample in SB. Equal
volumes of water-soluble proteins and water-insoluble proteins were loaded on the gel, the
volume of the washing fractions was adjusted relative to the washing volume during protein
extraction. The gel was stained with Safe Stain and scanned on a colour laser scanner (238-
0-2.2).
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Figure 4: SDS-PAGE of wheat protein extracts and wash fractions (1), stained with Safe Stain. Equal relative volumes
(extracts 5 pl, washs 12.5 pl) were loaded and proteins were seperated under reducing (+DTT) and non-reducing (-DTT)
conditions on a 4-12% Bis-tris gel with MES buffer. Wash 3 contains protein (at ~ 40 kDa) which corresponds to the big
proportion of gliadins and glutenins in the water-insoluble fraction. Albumins and globulins, and wash 1 clearly show different
band patterns from ~40 kDa to < ~10 kDa when treated with or without DTT which points to cystein-dependent tertiary protein
structures. In the gliadin/glutenin fraction, two bands below ~15 kDa show high similarity to the albumin/globulin fraction and

wash 1 to 2, implying insufficient fractionation.

In order to achieve higher sensitivity towards protein content of the washing fractions, and to

determine probable protein loss during precipitation of water-insoluble proteins, the
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supernatant (200 ul) was treated with TCA to precipitate proteins which were resuspended in
20 pl sample buffer with DTT to obtain a 10fold concentration. SDS-PAGE was repeated and
a colloidal Coomassie stain was applied. The gel was scanned on a calibrated scanner and
appears in black and white.
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Figure 5: SDS-PAGE of wheat protein extracts and wash fractions (2), stained with colloidal Coomassie. Equal relative
volumes (extracts 4 pl, washs 10 pl) were loaded and proteins extracts (albumins/globulins, gliadins/glutenins) were seperated
under reducing (+DTT) and non-reducing (-DTT) conditions on a 4-12% Bis-tris gel with MES buffer. Wash 1 to 3 contain protein
(at ~ 42 kDa) which corresponds to the big proportion of gliadins and glutenins in the water-insoluble fraction as shown
previously. Small proteins below ~17 kDa are clearly visible in Wash 1 and 2. The gliadin/glutenin fraction contains proteins
below 17 kDa which correspond to the albumin/globulin fraction and wash 1 and 2. The 10fold concentrated precipitate, applied
with 4 pl, contains negligibly little protein of ~72 to ~42 kDa size. The slightly different relative molecular weights of the protein

ladder, compared to Figure 4, are due to a different lot provided by the manufacturer.

The extraction of wheat proteins resulted in high vyields of albumins/globulins and
gliadins/glutenins. However, cross contamination cannot be excluded despite intense
washing.

The basis for calculating amounts needed for protein separation on a ZOOM-gel was ~20 ug
protein per cm gel which was 7.5 cm in length. The transfer of albumins and globulins proved
to be very effective, only few remains of protein were detected in the gel after blotting (Figure
6).

Initial western blots of the gliadin/glutenin fraction showed unequal transfer, the HMW-
glutenins being blotted with least efficiency (data not shown). In order to compensate this
poor efficiency and the general low abundance of HMW-glutenins and also omega-gliadins,
an overloading with a total volume of 60 ul protein in SB with DTT was accepted, resulting in
poor separation of proteins between ~40 and ~50 kDa, representing LMW-glutenins and U,
b-, a rmliadirs. Zoom gels and strips of blotted PVDF membranes were regularly stained

after blotting with Safe Stain or Amido Black, respectively, to check blot efficiency (Figure 6).
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Figure 6: Blot efficiency of albumins/globulins and gliadins/glutenins under standard conditions. Albumins/globulins (top
left) and gliadins/glutenins (bottom left) were separated on ZOOM gels (4-12%, Bis-Tris) and blotted onto PVDF membranes
(right top and bottom). Gels were stained with Safe Stain and membranes with Amido Black. The inner area of the membranes
was cut in strips and used for immunoblots. Outer areas of the membranes were stained with Amido Black. Gliadins/glutenins

are blotted askew which was considered in vertical alignment of single strips.

The first immunoblot comprised patients with sIgE to wheat from 0.05 to >100 kUx/l (CAP
classes 0 to 6) in order to estimate the optimal exposure time of low and high IgE sera to
obtain a sufficient signal to noise ratio with good resolution of single bands. In subsequent
immunoblots sera of equal CAP classes were applied along with negative controls (negative
and atopic serum, background control). Exposure times ranged from 3 to 14 days. Film and

(stained) membrane strips were further processed as described in Figure 7.
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Figure 7: Processing of immunoblots. The exposed film (top left) was scanned and every area corresponding to a strip (top
right) was cut from the image and saved. Signals on every strip including negative controls were enhanced by the auto
adjustment option in Irfanview software and saved (bottom left). Final vertical alignment of single strips was conducted by
overlaying film and Amido Black stained blots (bottom right). Asterisks indicate the strips chosen as an example.

After completion of immunoblots and enhancement of signals, strips were aligned according
to protein fraction. Despite using precast gels and standard conditions during
electrophoresis, slight deviations among different gels over the period of all immunoblots
occurred and could not be fully compensated. This applies to immunoblots with several
detected bands where distal bands may be slightly dispositioned in the whole image and the
reference gel compared to their actual position. Protein bands of the prestained protein
marker <35 kDa are askiew and may deviate by 1 mm, subsequent band counts are

therefore to a certain degree arbitrary and only a means of semi-quantitative assessment.
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3.8 Microarray assays

3.8.1 Coating of silicon slides

Silicon slides where freshly prepared and stored dry by the lab personnel in Milan as
previously described in Pirri, Damin et al. [62].

3.8.2 Preparation of recombinant and native proteins

After purification, dialysis and concentration, the protein content was determined. In Table 9,
concentrations of spotted recombinant proteins are summarized. Protein purity was
assessed by SDS-PAGE (Figure 8). In all downstream applications of recombinant proteins,

aliquots of this purification process were used.

Table 9: Concentration of recombinant proteins used in the initial spotting pattern.

. rel. stock conc. applied rel. conc.
rec proteins
[mg/ml] [mg/ml]
U s-casein 2.22 1.11
U s-casein 0.85 0.85
3-casein 3.51 1.75
a-casein 0.98 0.98
Ulactalbumin 1.33 1.33
3-lactoglobulin 1.06 1.06
ovomucoid 2.95 1.47
ovalbumin 1.21 1.21
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Figure 8: SDS-PAGE of purified recombinant proteins.
2 pg protein were applied on a 4-12% BT gel, stained with Safe Stain.
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The set of native allergens was represented by CM components U-, b-, a-casein, and total
casein. As correlates to CM and HE panels on ImmunoCAP, skim milk and egg white were
selected. All native allergens were available as powder.

In the initial microarray assays, stock solutions at 10 mg/ml in bidest were prepared. Due to
poor solubility, stock solutions of U-, b- and total casein were prepared in 10 mM NaOH. PBS
was used for diluting to final concentration at 1 mg/ml. Aliquots of working solutions were
repeatedly used.

In the final microarray, all native proteins were diluted in PBS. Total casein was solubilized
by sonfication. Working solutions from stocks were aliquoted and stored at -20°C. In contrast
to initial applications, aliquots were only used once and discarded after use.

3.8.3 Spotting of proteins

Native and recombinant all ergeni wwer@platedie384-s of h
well plates and spotted in replicates of five spots per protein according to a designed pattern
using a SciFlexArray spotter. The pattern also included PBS and orientation spots of Cy3-
labeled streptavidin at a concentration of 0.1 mg/ml in PBS. Spotting was performed at RT,
the volume was 400 pl per drop. Printed slides were stored in a humid chamber at room

temperature overnight and used up to two days later.

3.8.4 Assaying with patient sera and scan

The required number of slides was blocked with 50 mM Ethanolamine in 1 M Tris-HCL pH 9
for 1 hour. Each slide was rinsed in distilled water and dried with nitrogen. Slides were
transferred in small Petri dishes, placed in a humid chamber, and incubated with 20 pl
undiluted serum for 2 hours. After rinsing, the slides were washed in 0.05 M Tris-HCI pH 9,
0.25 M NacCl, 0.05% (v/v) Tween 20 under stirring for 10 min, rinsed and dried again to be
incubated in a humid chamber with 100 pl secondary antibody solution which contained a
Cy3-labeled anti human IgE monoclonal or polyclonal and a Cy5-labeled anti human IgG.
monoclonal secondary antibody in 50 mM Tris-HCL pH 7.6, 0.15 M NaCl, 0.02% (v/v)
Tween-20. The secondary antibodies were applied in 1:200 dilution each. After 1 hour, slides
were rinsed, washed in PBS under stirring for 10 minutes, rinsed and dried. All steps were
performed at room temperature, incubations and the last washing step in darkness.

Fluorescence was measured the same day using a PerkinElmer Scanarray Lite laser
scanner apparatus based on a confocal architecture. After a fast prescan at Cy3-channel
with 90% laser power and 70% PMT (photo multiplier) with 50 pm resolution, focus was set
by automatic line scan (in final microarrays on Cy3-labeled 35 pg/ml IgE spots) at 80% laser
power and PMT. Fine scan was performed at 70, 80 and 90% (Cy3) and 60, 70, and 80%

(Cyb) laser power and PMT at a resolution of 10 pm.
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3.8.5 Quantification of data

The fluorescence was quantified with ScanArray Express 4.0 software by Perkin Elmer using
the following application settings: Method: footprint; Maximum footprint: 100 pm; Spot finding
algorithm: new fast spot; Locating range: 2 pixels; Filter data: 3x3 median filter; Protocol
Easy Quant; Quantitation method: adaptive circle with minimal spot diameter (% of nominal):
50, and maximal spot diameter (% of nominal): 200; Normalization method: LOWESS.
Identification of spots was checked and manually corrected if the quantitation template did
not match (a) spot(s). The quantified fluorescence data including median, mean, median
minus background, mean minus background and signal-to-noise ratio were exported to MS
EXCEL 2003.

3.8.6 Data mining and analysis of the final microarray

Analysis was performed excluding irregularly shaped, smeared, and missing spots. In
addition to these visual constraints, in the final microarray spots were also excluded under
certain statistical conditions: each spot is characterised by its standard deviation of
fluorescence (Chl SD), which refers to the homogeneity of the spot, and standard deviation
of its surrounding background fluorescence (Chl B SD), which is a means to assess lateral
influences on the spot fluorescence by outer spots (when too close due to frame shift) or
noise. After applying visual control, the values for Chl SD and Ch1 B SD were independently
ranked. If the highest ranked value exceeded the double of the mean of the remaining 4 (or
less, if visual control had led to exclusion) spots, it was excluded. This procedure was
repeated until the highest ranked value was within the defined range of the remaining spots.
I n few cases, this |l ed to formation of two pair s
accepted as a balance in order to cover the range of the probable specific fluorescence,
avoiding bias. This procedure was independently applied to signals detected on Cy3-channel
or Cy5-channel.

3.9 Chemicals

4-(2-Aminoethyl) benzenesulfonyl fluoride

hydrochloride (AEBSF), research grade Serva, Heidelberg, Germany

Acetic acid Merck, Darmstadt, Germany
Acrylamide (prop-2-enamide), 30% / Bis 29:1 Bio-Rad, Munich, Germany

Agar Kobe | Roth, Karlsruhe, Germany

Albumin bovin serum, Fraction V Sigma Aldrich, Steinheim, Germany
Albumin human serum, 96-99% Sigma Aldrich, Steinheim, Germany

Ammonium persulfate (p.a.) Roth, Karlsruhe, Germany
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Ammonium sulfate (p.a.)
beta-Mercaptoethanol (p.a.)
Bestatin

Coomassie Brilliant Blue G250
Dipotassium phosphate (K:HPO,)

Dul beccods Phosphate

w/o CaClz, MgCl;

E-64

Ethanolamine (2-aminoethanol)
Goat serum

Glycerol, 86% (p.a.)

Glycine

Hydrochloric acid fuming 37% (p.a.)
Imidazole

lodoacetamide, >99%

Isopropyl alcohol (2-propanol) (LC-MS grade)
Isopropyl b-D-1-thiogalactopyranoside (IPTG) >99%

Kanamycin

Lectin from Ricinus communis agglutinin
Leupeptin

Methanol

Monopotassium phosphate (KH2PO4)
Nickel-lI-sulfat-heptahydrat, 99.999%
Orthophosphoric acid, 85% (p.a.)
Pepstatin A

Phosphate buffered saline (PBS), 10x
Phosphoramidon, research grade
Ponceau S

Potassium carbonate (p.a)

Sodium chloride (p.a.)

Sodium dihydrogen phosphate (p.a.)
Sodium dodecyl sulfat (SDS)

N,N,NNyNJ etramethylethane-1,2-diamine (TEMED)
Trifluoroacetic acid (Spectroscopy grade)

Tris(hydroxymethyl)aminomethane (Tris)

Tryptone/peptone from casein

Roth, Karlsruhe, Germany

Roth, Karlsruhe, Germany
AppliChem, Darmstadt, Germany
Roth, Karlsruhe, Germany
Merck, Darmstadt, Germany

Biomol, Hamburg, Germany
AppliChem, Darmstadt, Germany
Merck, Darmstadt, Germany
Gibco/Invitrogen, Washington, USA
Roth, Karlsruhe, Germany
AppliChem, Darmstadt, Germany
Merck, Darmstadt, Germany
AppliChem, Darmstadt, Germany
Sigma-Aldrich, Steinheim, Germany
Roth, Karlsruhe, Germany

Roth, Karlsruhe, Germany

Roth, Karlsruhe, Germany

Sigma Aldrich, Schnelldorf, Germany
AppliChem, Darmstadt, Germany
Sigma Aldrich, Steinheim, Germany
Roth, Karlsruhe, Germany

Merck, Darmstadt, Germany
Sigma-Aldrich, Steinheim, Germany
Roth, Karlsruhe, Germany
AppliChem, Darmstadt, Germany
Trevigen, Gaithersburg, USA
Serva, Heidelberg, Germany

Roth, Karlsruhe, Germany

Merck, Darmstadt, Germany

Merck, Darmstadt, Germany

Merck, Darmstadt, Germany
AppliChem, Darmstadt, Germany
Bio-Rad, Hercules, USA
AppliChem, Darmstadt, Germany
Sigma Aldrich, Steinheim, Germany

Roth, Karlsruhe, Germany
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Tween-20 Roth, Karlsruhe, Germany
Urea AppliChem, Darmstadt, Germany
Yeast Roth, Karlsruhe, Germany

3.10 Protease inhibitors for protein extraction and purification

For extraction of wheat proteins, cOmplete EDTA-free Protease Inhibitor Cocktail (Roche
Diagnostics, Mannheim, Germany) was used according to the instructions of the
manufacturer. Protein purification was conducted with a mix of inhibitors in order to prevent

possible degradation during binding of HIS-tagged proteins on the Ni-NTA agarose at RT.

Table 10: Protease inhibitors used during protein purification.

Inhibitor Concentration of stock Concentration of Inhibition of

solution and diluent working solution
Phosphoramidon | 5mM (MeOH) 10 uM metallo-endoproteinases
AEBSF 100mM (Bidest) 200 uM serine proteases, irreversible
Pepstatin A 5mM (MeOH) 10 uM aspartic acid proteases, reversible
E-64 5mM (50% EtOH) 10 uM cysteine proteases, irreversible
Bestatin 5mM (MeOH) 10 uM amino-peptidases, reversible
Leupeptin 25mM (Bidest) 50 puM serine and cysteine proteases

Stock solutions were aliquoted and stored at -80°C (long term) or -20°C (short term).

3.11 Protein markers and ladders

Spectra Multicolor Broad Range Protein marker,

10-260 kDa
Protein marker |, 14.4-116 kDa
6xHis protein ladder

T7 tag positive control

3.1 Kits

BugBuster plus Benzonase Nuclease

EURx GeneMATRIX Plasmid Miniprep DNA
Purification Kit

Pierce BCA Protein Assay Kit

EasyLink HRP conjugation kit

Fermentas, St. Leon-Rot, Germany
Peglab, Erlangen, Germany
Qiagen, Hilden, Germany

Merck, Darmstadt, Germany

Novagen/Merck, Darmstadt, Germany

Roboklon, Berlin, Germany

Thermo Fisher Scientific / Life Technologies
(vendor), Darmstadt, Germany

Abcam plc, Cambridge, UK



3 Materials and Methods

3.1 Enzymes

Benzonase nuclease, >90% purity
Chymotrypsin, certified MS grade
rLysozyme (>95%) solution
Trypsin, certified MS grade

Novagen/Merck, Darmstadt, Germany

Dichrom, Marl, Germany

Novagen/Merck, Darmstadt, Germany

Dichrom, Marl, Germany

3.2 Purchased Buffers, media and solutions

Flamingo Fluorescent Gel Stain, 10x
Gel-Dry solution, 1x

Ni-NTA Agarose

NuPAGE Antioxidants

NuPAGE MES SDS running buffer, 20x
NuPAGE MOPS SDS running buffer, 20x
NuPAGE LDS sample buffer, 4x
NuPAGE Transfer buffer, 20x

Simply Blue Safe Stain

SOC medium

SuperSignal West Dura Ext. Duration Substrate Thermo Scientific, Rockford, USA

BioRad, Munich, Germany

Invitrogen, Darmstadt, Germany

Qiagen, Hilden, Germany

Invitrogen, Darmstadt, Germany
Invitrogen, Darmstadt, Germany
Invitrogen, Darmstadt, Germany
Invitrogen, Darmstadt, Germany
Invitrogen, Darmstadt, Germany
Invitrogen, Darmstadt, Germany
Invitrogen, Darmstadt, Germany

3.3 Self-prepared buffers, media and solutions

Name

Blocking buffer, pH 9 with acetic acid

Wash buffer, pH 9 with acetic acid

Incubation buffer, pH 7.6 with acetic acid

Lysis buffer (native), pH 8 with NaOH

Wash buffer (native), pH 8 with NaOH

Composition

50 mM

1M

250 mM
50 mM
0.05% (v/v)
150 mM
50 mM
0.02% (v/v)
50 mM
300 mM

10 mM

50 mM
300 mM
20 mM

Ethanolamin
Tris

NaCl

Tris
Tween-20
NacCl

Tris
Tween-20
NaH>PO4
NacCl
Imidazole
NaH>PO4
NacCl

Imidazole
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Elution buffer (native), pH 8 with NaOH

Lysis buffer (denaturing), pH 8 with NaOH

Wash buffer (denaturing), pH 6.3 with HCI

Elution buffer | (denaturing), pH 5.9 with HCI

Elution buffer Il (denaturing), pH 4.5 with HCI

IPTG, sterile filtered, diluted in media to 1mM
Kanamycin, diluted in media to 25ug/ml

LB medium, autoclaved

LB agar, autoclaved

TB medium, autoclaved

Coomassie Blue

Coomassie Blue colloidal, Solution A

Coomassie Blue colloidal, Solution B

Final stain solution

50 mM
300 mM
250 mM
100 mM
10 mM
8 M
100 mM
10 mM
8 M
100 mM
10 mM
8M
100 mM
10 mM
8M

1M

25 mg/ml
10 g/l
10 g/l
59/
159g/ILB
12 g/l
24 g/l

4 ml/l
12.5 g/l
2.34l/
0.1g
10 ml
40 ml
50 ml
8¢9

1.6 ml
76.8 ml
1.6 ml
20 ml
~80 ml
1.6 ml

NaH:PO4
NacCl
Imidazole
NaH>PO4
Tris-HCI
Urea
NaH>PO4
Tris-HCI
Urea
NaH,PO4
Tris-HCI
Urea
NaH:PO4
Tris-HCI
urea
IPTG
Kanamycin
NaCl
Tryptone
Yeast
Agar
Tryptone
Yeast
Glycerol
K2HPO4
KH2PO4
Coomassie R-250
AcOH
MeOH
Bidest
(NH4)2S04
H3PO,
Bidest

0.05% Coomassie G-250

MeOH
Solution A

Solution B
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Amido Black Stain

Amido Black Destain

Ponceau S

10% SDS solution (1 1)

SDS sample buffer, 5x

Running buffer, 10x

SDS running buffer (1 1)

Transfer buffer (Bjerrum), pH 9.2

Blocking solution (Immunoblots)

Destain solution

Digestion Buffer (25 mM)

0.1g

25 ml

10 ml

75 ml

25 ml

10 ml

75 ml
05g

100 ml
100 g

900 ml
1.25 ml
5ml

1ml

19

ad 10 ml
10 ml
30.3g

144 g

ad 1000 ml
100 ml

10 ml

ad 1000 ml
48 mM

39 mM
0.1%

10% (1 gel)
20% (2 gels)
1%

10% (v/iv)
0.05% (v/v)
80 mg

20 ml

20 ml

20 mg

10 ml

Amido Black
Propan-2-ol

AcOH

Bidest

Propan-2-ol

AcOH

Bidest

Ponceau S

Acidic acid 5% (v/v)
SDS

Bidest

1M Tris, pH 6.8
100mM EDTA, pH 6.8
b-ME

SDS

Bidest

Glycerol

Tris

Glycine

Bidest

Running buffer, 10x
10% SDS solution
Bidest

Tris

Glycine

SDS

MeOH

MeOH

BSA

Goat serum

Tween-20 in PBS, pH 7.0

NHsHCO3
ACN
Bidest
NHsHCO3
Bidest
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3.4 HRP coupling to lectin

Lectin from Ricinus communis has a relative MW of 120 kDa (RCA120). It specifically binds to
b-galactosides, e.g. lactose. 100 pl lectin at a concentration of ~4 mg/ml were dialysed
against 4 | PBS at 4°C overnight. The binding reaction to 100 pg HRP was performed at RT

according to the manufacturerdés instructions.

3.5 Hardware

Device Name by manufacturer Manufacturer/provider
Blot module Blot module for XCell Il Invitrogen, Darmstadt, Germany
Centrifugation BioFuge Pico Heraeus, Hanau, Germany
Centrifuge 5417C Eppendorf, Hamburg, Germany
3K15 Sigma Laborzentrifugen,
Osterode am Harz, Germany
Megafuge 1.0R Heraeus, Hanau, Germany
250ml Dry Spin bottles Thermo Electron, Langenselbold,
Germany
Sorvall RC-5C Plus Kendro, Newtown, USA

Chromatography Poly-Prep Chromatography

columns, 2 ml bed volume and 10  Bio-Rad, Munich, Germany

ml reservoir
Detection ChemiDoc MP Imaging System Bio-Rad, Munich, Germany
devices
Densitometer GS-800 Bio-Rad, Munich, Germany
Autoradiography cassette FBCA Fisher Scientific, Pittsburgh, USA
810
45 Compact, Type 1120 Protec Geratebau, Oberstenfeld,
Germany
Scanarray Lite laser scanner PerkinElmer, Waltham, USA
Dialysis Dialysis tubular membranes Roth, Karlsruhe, Germany
ZelluTrans / Roth locking clips, Roth, Karlsruhe, Germany
65mm
Drying systems  Dryease minigel drying system Invitrogen, Darmstadt, Germany
Incubation CO; incubator Heraeus, Hanau, Germany
3033 (shaking incubator) GFL, Burgwedel, Germany
nunc 4 well dish non-treated, Thermo Scientific, Schwerte,

127.8x85.5mm Germany
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Maldi-TOF MS

Mill
pH-Meter

Photometers

Pipettes

Power supplies

Scales

SDS-PAGE cells

Shakers /

rotators

Sonification
Spotting
Staining

nunc ELISA 96 well, F-Form

i12 7cm Rehydration / Equilibration
Trays

AUTOFLEX-III LRF200-CID

MTP 384 target plate ground steel
TF
MTP AnchorChip TM 800/384 T F

ProfiMixx 47 with grain top element
pH-Meter 766 Calimatic
BioPhotometer

ND-1000 Spectrophotometer
UV/Vis

MIOS plate reader

Research

Power Pac 300

PowerPac 3000

Power Pack P25T
EW1500-2M

BP 211D

Surelock XCell

Mini PROTEAN 3 Cell
MS2 Minishaker

RCT basic
KS 250 basic
KM-2 Akku

528 Testtube Rotator

Thermomixer comfort
Duomax 1030
Elmasonic S 10
SciFlexArrayer S5

Gel Staining Trays, mini

VWR, Darmstadt, Germany

Bio-Rad, Munich, Germany
Bruker Daltronics, Bremen,
Germany

Bruker Daltronics, Bremen,
Germany

Bruker Daltronics, Bremen,
Germany

Bosch, Gerlingen, Germany
Knick, Berlin, Germany
Eppendorf, Hamburg, Germany
NanoDrop Technologies,
Wilmington, USA.

Merck, Darmstadt, Germany
Eppendorf, Hamburg, Germany
Bio-Rad, Munich, Germany
Bio-Rad, Munich, Germany
Biometra, Gottingen, Germany
Kern & Sohn, Balingen-
Frommern, Germany

Sartorius, Gottingen, Germany
Invitrogen, Darmstadt, Germany
Bio-Rad, Munich, Germany
IKA Werke, Staufen, Germany

IKA Werke, Staufen, Germany
IKA Werke, Staufen, Germany
Edmund Buhler, Hechingen,
Germany

Labinco BV, Breda, The
Netherlands

Eppendorf, Hamburg, Germany
Heidolph, Schwabach, Germany
Elma, Singen, Germany
Scienion, Berlin, Germany

Roth, Karlsruhe, Germany
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Water bath CS6

3.6 Consumables

15 ml Falcon tubes
50 ml Falcon tubes
Amicon Ultra Centrifugal Filters, MWCO 3 kDa

Blotting filter papers, 2.5 mm thickness
Carestream Kodak BioMax MS film, 20x25 cm

Cy3 mono-reactive dye pack
Cy5 mono-reactive dye pack
Dialysis tubing visking, cellulose, MWCO 14 kDa

Immobilon blotting filter paper, 7x8.4 mm

Immobilon-P PVDF-membrane, g0.45um, 7x8.4 mm

Kodak BioMax XAR-5 / X-omat AR5 film, 13x18 cm

Multiflex round tips 0.5-10 pl

Multiflex E round tips 1-200 pl

NuPAGE Novex 4-12, 10, and 12% Bis-Tris gel 1.0 mm
NUuPAGE Novex 4-12% Bis-Tris ZOOM gel 1.0mm
Pierce Concentrators, MWCO 20 kDa

Porous Cellophane backing, 34x44 cm
PreCision-Tips Crystal, 10 pl

Pure Nitrocellulose Membrane, 0.45 pm
Safe-lock tubes, 0.5ml, PCR-clean

Safe-lock tubes, 1 and 2 ml

Serological pipettes 1, 5, 10 and 25 ml
Slide-A-Lyzer Dialysis Cassette, MWCO 3.5 kDa
Transfer pipette 3.5 ml, length 155 mm

UVette routine pack

MGW Lauda, Lauda-
Konigshofen, Germany

Sarstedt, Nimbrecht, Germany
Sarstedt, Nimbrecht, Germany
Merck Millipore, Darmstadt,
Germany

Invitrogen, Darmstadt, Germany
Sigma-Aldrich, Schnelldorf,
Germany

GE Healthcare, Little Chalfont, UK
GE Healthcare, Little Chalfont, UK

Roth, Karlsruhe, Germany

Merck Millipore, Darmstadt,
Germany
Merck Millipore, Darmstadt,
Germany
Sigma-Aldrich, Schnelldorf,
Germany

Roth, Karlsruhe, Germany

Roth, Karlsruhe, Germany
Invitrogen, Darmstadt, Germany
Invitrogen, Darmstadt, Germany
Thermo Scientific, Waltham, USA
GE Healthcare, Freiburg, Germany
Sarstedt, NUmbrecht, Germany
Bio-Rad, Munich, Germany
Eppendorf, Hamburg, Germany
Eppendorf, Hamburg, Germany
Sarstedt, NUumbrecht, Germany
Thermo Scientific, Waltham, USA
Sarstedt, NUmbrecht, Germany

Eppendorf, Hamburg, Germany
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3.7 Software

Excel 2007, 2010, 2013 Microsoft, Redmond, USA
Flex-Analysis 3.3.65.0 Bruker Daltronic, Bremen, Germany
Flex-Control 3.6.64.0 Bruker Daltronic, Bremen, Germany
ImagelLab 5.0 BioRad, Hercules, USA

IrfanView 4.37 Irfan Skiljan, Wiener Neustadt, Austria
Mascot 2.5.12 Matrix Science Limited, London, GB
Prism 5.0 GraphPad Software, La Jolla, USA
Quantity One 4.6.8 BioRad, Hercules, USA

ScanArray 4.0 PerkinElmer, Waltham, USA
Sequence editor 3.2 Bruker Daltronic, Bremen, Germany
SPSS Statistics 22 IBM, New York, USA

3.8 Statistics

Quantitative IgE- and IgGas-specific results were tested with Prism 5.0 for Gaussian
distribution with 3 different tests: Kolmogorow-Smirnow normality test, D'Agostino & Pearson
omnibus normality test and Shapiro-Wilk normality test. Non-parametric distribution of data
was assumed if at least two tests were not passed at 0.05 level. In this study, most
guantitative IgE- and 1gGa-specific results failed to pass at least two of three normality tests.
Subsequently, correlations of quantitative results from ImmunoCAP or ImmunoCAP ISAC
with fluorescent results were conducted with Spear mano6s rank c @
Significance of correlation was calculated. Comparisons between fluorescent values were
calculated with Kruskal-Wallis test and Dunn's multiple comparison test (Prism 5.0). Chi-
Squaretestor Fi sher 6s aBexohnxi to lie emnpared)iware applied in the wheat
study to compare band counts. These calculations were made in SPSS, along with
computing Receiver Operating Characteristic (ROC) curves. A Receiver Operating
Characteristic-(ROC)-curve relates sensitivity and specificity. In the graphical illustration, the
abscissa represents the false-positive-rate (FPR) or fall-out, and the ordinate the true-
positive rate (TPR). Significance in all tests was assumed at 0.05 level (two-tailed).
Calculated significance levels are indicated with one to three asterisk(s), corresponding to
p<0.05, 0.01 and 0.001.
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4 Results

4.1 Wheat Allergy study

4.1.1 Characteristics of the wheat study population

Sera of in total 106 children with suspected food allergy to wheat were selected and
analysed. Criteria for wheat challenges were suspicion of wheat-related symptoms by
parents or physicians such as immediate type symptoms (urticaria, vomiting or
wheezing) or worsening of eczema after ingestion of wheat containing products. 62 of
these children (WT group) were clinically tolerant and 44 (WA group) suffered from a
clinically relevant wheat allergy determined by oral food challenge. Details are depicted in
Supplement Table 2 (WT children) and Supplement Table 3 (WA children), and summarized
in Table 11. Despite similarities like the rate of present atopic dermatitis (AD) which was
approximately equal (89% and 95%), 18% of the WT group suffered from asthma compared
to 7% of the WA group. On average, WA children were younger than WT children. 37.1% of

the WT children were not sensitized to wheat compared to 13.6% of the WA group.

Table 11: Characteristics of individuals included in the wheat study.

WT group WA group
total (n) 62 44
mean age (months) 35.8 24
median age (months) 15 9
female (n) 21 27
male (n) 41 17
sex ratio 1.95 1.59
AD (n/ %) 55/88.7 42/95.5
asthma (n / %) 11/17.7 3/6.8
wheat-sIgE <0.35 kUa/l (n / %) 23/37.1 6/13.6
wheat-sIgE >0.35 kUa/l (n / %) 39/62.9 38/86.4

Clinical reactions during oral food challenge were recorded and are summarized in Table 12.
The most frequent symptoms were skin related urticaria (40.9%), redness (22.7) and AD
(15.9). Gastrointestinal symptoms like with itching and vomiting (each 13.6%) were relatively

rare. No case of anaphylaxis was observed.
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Table 12: Clinical symptoms to wheat oral food challenge in WA patients.

unknown negative positive early positive positive late
(<2 h) early+late (>2h)
symptom n % n % n % n % n %
urticaria 0 0 24 54.5 18 40.9 1 2.3 1 2.3
angioedema 0 0 43 97.7 0 0 1 2.3 0 0
redness 0 0 32 72.7 10 22.7 2 4.5 0 0
itching 0 0 35 79.5 6 13.6 2 4.5 1 2.3
AD 1 2.3 28 63.6 7 15.9 4 9.1 4 9.1
vomitting 1 2.3 35 79.5 6 13.6 2 4.5 0 0
diarrhea 1 2.3 40 90.9 1 2.3 2 4.5 0 0
stomach pain 1 2.3 42 95.5 1 2.3 0 0 0 0
rhinocojunctivitis | 0 0 40 90.9 3 6.8 0 0 1 2.3
wheezing 0 0 43 97.7 0 0 1 2.3 0 0
coughing 0 0 42 95.5 2 4.5 0 0 0 0
stridor 0 0 43 97.7 1 2.3 0 0 0 0
anaphylaxis 0 0 0 0 0 0 0 0 0 0

A ROC curve was calculated in order to visualize the correlation of slgE to whole wheat and

clinical reactions (Figure 9).

Figure 9: ROC-curve of 106 patients enrolled in the wheat study. The area under the curve (AUC) is 0.749. The asymptotic
95% Cl is 0.650 to 0.847. The correlation is highly significant (p<0.000).

Clinical reaction and sIgE to whole wheat do not correlate well, the sensitivity of sIgE is only
moderate by the flat slope and the AUC of 0.749.
























































































































































































































































































































































































































































































































