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ABBREVIATIONS

1-DE
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Abs
BSA
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IEF
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IgE
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ROC

one-dimensional electrophoresis
two-dimensional electrophoresis
antibodies

bovine serum albumin

cluster of differentiation
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high performance liquid chromatography
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interleukin

liquid chromatography
matrix-assisted laser desorption/ionization
major histocompatibility complex
mesenteric lymph nodes

mouse mast cell protease-1

mass spectrometry
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polyacrylamide gel electrophoresis
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polymerase chain reaction
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SDS sodium dodecyl sulphate

sigE specific IgE

tTG tissue transglutaminase

TGF transforming growth factor

TLP thaumatin-like protein

TLR toll-like receptor

TNF tumor necrosis factor

TOF time of flight

WDEIA wheat-dependent exercise induced anaphylaxis
XIP xylanase inhibitor protein



THESIS SUMMARY

Food allergy is one of the frequent disorders iggmahcidence in paediatric as well as
adult population is continuously rising, having dtad in the last two decades. Although
wheat belongs to major food allergens and is destaod in most diets, we have only little
knowledge of wheat proteins causing IgE mediatedelsensitivity reaction. Diagnostic
approaches of food allergy to wheat have a higtsigeity, but low specificity. Poor
predictability and specificity may be associatethwhe insufficient purity of wheat extracts
used in specific IgE assays or with the lack ofanajlergens in these extracts.

In the first step, we characterized 19 potentildrgens recognised by IgE Abs of
allergic patients, using proteomic techniques (1-DEDE, MALDI-TOF, QTOF and
LCQPE“A nLC-MS/MS ion trap technique). We identified thdg&-binding molecules such
as: a-amylase inhibitorsf3-amylase, profilin, serpinf3-D-glucan exohydrolase and 27K
protein. To quantify sIgE in patient’s sera we deped ELISA using the whole wheat extract
and two commercially availabte-amylase inhibitors.

Second, we developed a procedure that allowstisnlaf wheat allergens from
natural sources using Rotofor cell and HPLC. Twesdyen potential wheat allergens have
been successfully identified; of these, the follogvseven are newly reported in food allergy:
endogenousi-amylase/subtilisin inhibitor, trypsiafamylase inhibitor CMX1/CMX3, TLP,
XIP, B-glucosidase, class Il chitinase and 26 kDa endioelse. The biological activity of
purified allergens was tested using the basophivaton test. We have shown for the first
time that purified allergens, such @asamylase inhibitor 0.19, lipid transfer protein, Hland
wheatwin, can activate patients’ basophils, confignthat our purified proteins maintain
their biological activity.

Third, we investigated how thermal processinguiafices the ability of OVA to
induce allergic symptoms and immune responses usemodel of food allergy.

The aim of our studies is to identify the most artpnt wheat allergens in IgE
mediated hypersensitivity reaction. We developet nocedures of identification and
isolation of allergens in their native form in amésl sufficient both for biological testingn(
vivo andin vitro) and for physicochemical characterization. Sucidiss will lead to a more
detailed knowledge of allergenicity of wheat progeiand to improved specificity of

diagnostic tests.



SOUHRN V CESTINE

Potravinova alergie je jednim z s&$tjSich onemocEni a postihuje jak &skou, tak
dosglou populaci. Jeji vyskyt neustale roste, v posieldrdvaceti letech se zdvojnasobil.
Ackoliv pSenice pd&t mezi hlavni potravinové alergeny a je zakladoilsbu \&tSiny jidel,
nasSe znalosti pSemych protei zpisobujicich IgE hypersensitivni reakci je nedostaie
Diagnostika potravinové alergie na pSenici se vyajeavysokou sensitivitou, ale nizkou
specificitou. Ta mZe byt spojena s nedost&teu cistotou pouzivanych extraktanebo
absenci hlavnich alergéwn téchto extraktech.

V prvnim kroku jsme charakterizovali 19 potenciéin alergefi rozpoznavanych
IgE protilatkami ze sér paci@ntDiky proteomickym metodam (1-DE, 2-DE, MALDI-TOF,
QTOF a LCJFA nLC-MS/MS iontova past) jsme identifikovali rapgyto IgE vazajici
molekuly: inhibitorya-amylazy,-amylaza, profilin, serpir3-D-glukan exohydrolaza a 27K
protein. Pro kvantifikaci IgE protilatek jsme vyulh metodu ELISA, ve které byl pouzit jak
pSenény extrakt, tak komeé&n¢ dostupné inhibitorgi-amylazy.

V dals§im kroku jsme vyvinuli metodu postupné inslapSeninych alerget
z prirodnich  zdraj, kterd vyuziva zdzeni Rotofor a HPLC. Timto fistupem bylo
identifikovano 27 potencialnich alergerz nichZz 7 bylo no¥ popsano u potravinové alergie:
endogenni inhibitor a-amylazy, inhibitor a-amylazy CMX1/CMX3, TLP, XIP, B-
glucosidaza, chitindzaitly Il a 26 kDa endochitindza. Pro testovani biakg aktivity
purifikovanych alergel byl pouzit test aktivace bazafil Jako prvni jsme ukazali, Ze
purifikované alergeny jako inhibitax-amylazy 0.19, lipid transfer protein, TLP a wheatw
aktivuji pacientské bazofily. Timto se potvrdil@ #aSe purifikované proteiny si zachovavaji
svou biologickou aktivitu.

Na mySim modelu jsme také zkoumali vliv tepelnébpracovani vagného
ovalbuminu na jeho schopnost vyvolat odatvmunitniho systému.

Hlavnim @ginosem &chto praci je identifikace nejtezit¢jSich pSeninych alerget
schopnych vyvolat IgE hypersenzitivni reakci. Vyuinsme nové metody pro identifikaci a
izolaci alergen v jejich pirodni forn® a to v mnozZstvi, které je dostaté jak pro biologické
testy {(n vivo, in vitro), tak pro fyzikalg-chemickou charakterizaci. Tato studie povede ke
zpresreni znalosti o alergenicitpSenénych alergeti a ke zlepSeni specificity diagnostickych
testi.



1. INTRODUCTION

Food allergy is an important health problem affer®t to 8% of children and 2 to
3% of adults, and is increasing in prevalence [P@blal., 2006; Ostblom et al., 2008; Zicari
et al., 2012]. Under physiological conditions, immeusystem develops oral tolerance, a state
of active inhibition of systemic response to thgd&wamount of antigens regularly ingested.
Oral tolerance depends on an intact and immunaigi@active gastrointestinal mucosal
barrier. Despite high acidity in the stomach andyeme activity, around 2% of ingested food
antigens still cross the gastrointestinal barried are transported throughout the body in a
form that is immunologically intact enough to prodwa food allergy [Sampson, 1999]. Food
allergies may be classified in a) IgE-mediated,chrare mediated by IgE antibodies and are
the best-characterized food allergy reactionsell)mediated when the cell component of the
immune system is responsible of the food allergy mostly involve the gastrointestinal tract;
c) mixed IgE mediated-cell mediated when both Igid anmune cells are involved in the
reaction [Sampson, 2003; Cianferoni et al., 200@h&er at al., 2009]. In general, the
immunological mechanism in food allergies is IgEehaged Type-I response characterized by
high serum total IgE concentration and by the preseof IgE Abs specific to ordinarily
harmless environmental antigens.

Wheat is the most widely consumed food grain enwlorld and belongs to six major
food allergens (milk, egg, wheat, peanut, soya fistg that account for over 80% of the
reaction in food allergies [Ramesh, 2008]. Althowgieals are essential in daily nutrition for
the majority of people, only little information iavailable on wheat allergens causing
hypersensitivity reactions. Wheat allergy is defires an adverse immunologic reaction to
wheat and may manifest as a classical food alléogyngested wheat proteins including
cutaneous, gastrointestinal, and respiratory symgt@ontact urticaria; and wheat-dependent
exercise induced anaphylaxis (WDEIA) [Palosuo, 2Q@®hansson et al., 2004; Sapone et al.,
2012]. Diagnosis of food allergy to wheat is, hoag\not simple. The main availablevivo
methods for the assessment of food allergens aubleidlind placebo-controlled food
challenge and skin prick tests. Although oral fallenge tests are considered to be the
gold standard for the diagnosis, they are time wamsg and can induce severe clinical
symptoms. Skin prick tests are diagnostic for bakasthma but not for atopic dermatitis [van
Kampen et al., 2009]. In contrast, basophil acioratests are considered a reliabtevitro

diagnostic technique [Tokuda et al., 2008].vitro detection of food-specific IgE Abs by
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radioimmunoassays (RIAs) or enzymatic immunoas@aykSA) were designed to detect and
even quantify sIgE. Even though these immunologwaihods are highly sensitive they have
low specificity, and a certain degree of cross-igdg cannot be excluded [Sampson 2001;
Tordesillas et al.,, 2009]. The poor predictabilapd specificity of all currently known
diagnostic approaches may be associated with thieymf the wheat extracts used in the
specific IgE assays or to their lack of inclusidralb major allergens. Advances in the field of
molecular allergology led to the development of ewnconcept in allergy diagnosis,
component-resolved diagnosis, allowing the iderdtion of the potential disease-eliciting
molecules.

Based on differential solubility, wheat proteinancbe classified into water/salt-
soluble albumins and globulins and water/salt-iasl@ gliadins and glutenins. Since cereals
are essential in daily nutrition, not all of theewsh allergens have been identified. However, in
recent years proteomic analysis of wheat flour @nst revealed a number of IgE reactive
components in both water/salt-soluble and insol@taletions [Gorg et al., 2004; Akagawa et
al., 2007]. Among the major allergens identifiedti® water/salt-soluble fraction of wheat
flour and capable of sensitization after both inigesand inhalation are the cereabmylase
inhibitors anda-amylase/trypsin inhibitors [Armentia A, 1993; Jand#M, 1997]. The another
most important plant panallergens are non-spebgid transfer proteins, which also act as
food allergens, sensitizing individuals by the oralite or inhalation [Lauer et al., 2007;
Palacin et al., 2007; Tordesillas et al., 2009thaligh proteomic analysis has identified other
water/salt soluble wheat proteins binding to Igk¢luding B-amylase, thioredoxin and
serpins, a proper panel of all purified wheat gigrs has not yet been developed and the
clinical relevance of these proteins remains taéermined [Pastorello et al., 2007; Tatham
et al., 2008]. The information on identified alleng can be found at allergen databases, for

example allergomenfww.allergome.orj

As studies in allergic individuals are necessalityited, animal models of food
allergy have helped understand the underlying nmashe of the disease, the potential for
new therapeutic targets. In the light of these wharations there has been a growing interest
in the design and development of appropriate anmadels and their potential integration
into safety assessment paradigms [Kimber |, 2008nBer et al., 2009; Pali-Scholl | et al.,
2010; van der Ventel ML et al., 2011].



2. HYPOTHESIS AND AIMS

The general aim of this thesis was to identify ahdracterise the most frequently
recognised wheat allergens and to analyse theargalhicity in an attempt to improve the

understanding of hypersensitivity reactions anddignosis of wheat allergy.
Specific aims:

- to identify wheat flour allergens most frequentcognized by patients’ IgE
antibodies using proteomic techniques (1-DE, 2-DRRALDI-TOF, QTOF and
LCQPE“A nLC-MS/MS ion trap technique)

- to developed a new procedure for isolation andfigation of identified IgE-
binding wheat allergens in their natural form incamts that allowed subsequent
structural and functional analyses as well asrid fiew potential allergens using

ultrafiltration, isoelectric focusing (Rotofor), @tiquid chromatography.

- to investigate the clinical relevance of the newdentified and purified allergens
usingin vitro specific IgE detection (ELISA, Immunoblot) in celation with the
results of skin prick test.

- to test the cellular response of patient’'s bassepdgainst the extracted proteins
and identified allergens in the basophil activatiest.

- To analyse the effect of pepsin on the imunogenioit the extracted wheat
proteins to mimic the digestion of wheat containiogd.

- to investigate how thermal processing influencditsibdof ovalbumin to induce

allergic symptoms and immune responses in mouseihoddood allergy.
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3. MATERIALAND METHODS

3.1. Patients and controls

Sera were obtained from patients with atopic détmaall had a suspect history of
wheat allergy and elevated specific IgE Abs (md#&a24 U/ mL; range, 0.4—72 U/mL). Food
allergy was established by means of a positive pkitk test and specific IgE and/or positive
basophil activation test. Skin prick tests werefqrened with commercial allergen extracts
(Alyostal, Stallergenes, France). A positive regeowas defined as a wheal measuring 3 mm
and more in diameter compared with a negative obrera from healthy individuals with
normal total and wheat-specific IgE Abs were usedegative controls.

3.2. Measurements of total and specific serum IgE

The concentrations of total and wheat-specific \Wgtfe determined by fluorescence
enzyme immunoassay (UniCAP, Pharmacia, Sweden onulite 2000, DPC, Siemens
Medical Solution Diagnosis) according to the mantifeer’s instructions. Allergen-specific

IgE concentrations above 0.35 kU/L were considesitive.

3.3. Wheat sample preparation

Wheat flour from seven most frequently used catsv{Triticum aestivum): Sulamit,
Nela, Alana, Ebi, Banquet, Mladka, Akteur, and igalt Spalda Triticum spelta) were kindly
provided from the Czech University of Agricultureérague. Proteins were extracted from
wheat flour (4 g) with PBS (40 mL) overnight at @, “ultrasonicated for 15min on ice and
centrifuged at 20 000 g for 15 min at 4 °C. Extedgproteins from cultivar Sulamit were also
treated with pepsin bound to agarose gel (ICN, Ridicals, OH). Extracted proteins from
cultivar Akteur were sequentially separated usingidon Ultra 100k, 30k and 10k
ultrafiltration devices (Millipore, Billerica, MAUSA) in this order providing gross separation
according to the molecular weight of the proteiflse concentrated higher molecular-weight
fraction was discarded and the filtrate was ulliex®d using a 30k filter device with a 30 kDa
molecular-weight cut-off. The concentrate was stdfeaction 1) and the filtrate was purified
using a 10k filter device with a 10 kDa moleculaight cut-off, yielding fraction Il (60 min,
2500 g and 20 °C). Protein concentration was detexinusing a Bicinchoninic Acid Protein
Assay Kit (BCA, Pierce, IL, USA).

11



3.4. Liquid-phase isoelectric focusing

Proteins in fractions | and Il were separated eting to their pl using a Rotofor
preparative cell (Bio-Rad). Proteins from fractiofl5 mL, containing 45 mg protein) were
mixed with 0.5% CHAPS and diluted in 55 mL of distl water containing 5% glycerol, 5%
premixed Bio-Lyte pH 5-8, pH 3-10 (Bio-Rad) and &wmlgte pH 4-6 (Fluka, Buchs,
Switzerland). Proteins in fraction Il were dilutetilarly, except that premixed ampholytes
pH 4-6 and pH 6-9 were used. Both samples wergidreated using a Rotofors device,
equipped with a standard focusing chamber (60 ntal teolume) with 20 fractionation
compartments. A total of 20 fractions were colld¢ci@nd the pH of each was measured using

a microelectrode.
3.5. High-performance liquid chromatography

All 20 fractions were carried out using an HPLGsteyn Gold 125NM solvent
Module (Beckman Coulter, Miami, FL, USA). The samplas centrifuged for 10 min at 12
000 g. The supernatant was applied (containing @rotgin) to a polymeric reversed-phase
PLRP-S 1000A, &m, 250x406mm column (Varian, Palo Alto, CA, USAYaeparated at a
flow rate of 1mL/min using a linear gradient (solveéd, 0.1% TFA/H20; solvent B, 0.1%
TFA/acetonitrile). The gradient program startedw86% of solvent A and 5% of solvent B,
and changed 5-25% B/5 min, 25-45% B/50 min, 45—-B#%omin and 70-95% B/0.5 min.
The column was washed with 95% solvent B (10 mig equilibrated at initial conditions
for 10 min. Protein samples were evaporated usimgcaum centrifuge (SpeedVac, Jouan,
Winchester, VA, USA) and dissolved in PBS.

3.6. SDS-PAGE and immunoblotting

Isolated wheat proteins were analysed by SDS-PA@Econcentration 1 or 3
mg/mL) using 15% or 5-20% gradient gels under redpconditions. Separated proteins
were stained with Coomassies Brilliant Blue R-250BB). Selected fractions were
electrotransferred to nitrocellulose membranes (NEERVA, Heidelberg, Germany) for 1 h
at room temperature. The membranes were blockddRBS containing 0.5% Tween 20 and
incubated with serum samples diluted 1:10 in blegkbuffer overnight at 4 °C. After
washing with PBS—0.1% Tween 20, the strips werabated with peroxidase- labelled sheep
anti-human IgE Abs (1:1000; The Binding Site, Bingiham, UK) for 1 h at room

temperature. Blots were developed using SuperSigest Pico Trial kits (Pierce) and
12



luminescence was detected on a Kodak Medical Xfitay (Kodak, Rochester, NY, USA).
Data were digitized and subjected to image anal{sIBA 3.28, Raytest, Straubenhardt,
Germany).

3.7. 2-DE

Wheat proteins were precipitated and then sohkddliin IEF buffer. Protein
concentration in IEF buffer was determined by medifBCA assay. Immobiline DryStrips,
18 cm, with nonlinear pH 3-10 gradient (AmershamsBiences, Uppsala, Sweden) were
used. Protein samples (100 mg) were applied to/acall gel. Separation was performed with
Multiphor 1l (Amersham Biosciences). In the secalihension, 9-16% SDS-PAGE gradient
was used. Electrophoresis was done on Protean Mutti Cell (BioRad, Hercules, CA,
USA). Proteins on analytical gels were visualizgdsitver staining. The analytical gels were
digitalized by laser densitometer Personal Denstem(Molecular Dynamics, Sunnyvale,

CA, USA). Image analysis was carried out using PEsp(BioRad).
3.8. Basophil activation test

Flow cytometric basophil activation tests weref@ened after stimulation of blood
cells with isolated wheat allergens or control (PB@ti-IgE). The blood samples were
obtained from the patients, disease controls analthye donors. Briefly, 100 mL of
heparinized whole blood and 10 mL of stimulatiorffé&uwere incubated (30 min at 37 °C)
containing commercially available wheat extract0QQQC/mL Stallergens, Antony Cedex,
France) or selected allergens (concentration 1 mgéiuted 1 : 10. After incubation, the
samples were transferred on ice and stained witb arAi-(cluster differentiation) CD203/PE
(Beckman Coulter) and anti-CD63/FITC (Exbio, PragGeech Republic) for 15 min. After
washing the cells, we measured the percentagetiobtierl basophils expressing CD63 and
CD203c by flow cytometry (FC500, Beckman Coulter).

3.9. Mass spectrometry analysis

The samples were mixed in an Eppendorf tube vhithsame volume of the matrix
solution. One microliter of each mixture was applie the MALDI sample plate, allowed to
air-dry and introduced into the mass spectromé&pectra were recorded on MALDI-TOF
mass spectrometer Voyager DE STR (Perseptive Bisgs Farmingham, MA, USA)

equipped with delayed extraction. Each mass spactvas obtained by averaging 100 laser

13



shots. Proteins were identified using ProteinProgpeand MASCOT programs. Proteins not
identified by MALDI-TOF MS were analysed by QTOFdahCQPE“* nLC-MS/MS ion trap
technique.

3.10. ELISA

For allergen-specific IgE assay Nunc-Immuno Platésxisorp Surface; Nunc,
Roskilde, Denmark) were coated overnight at 47 @ w0 mL of various antigens (20
mg/mL) in PBS and blocked with 1% BSA in PBS comitag) 0.1% Tween 20. After washing
with PBS and PBS containing 0.05% Tween 20, pasdgE was titrated in serum diluted
serially two-fold throughout the plate (in blockibgffer), and incubated overnight at 47 °C.
The plates were washed as described above andihgiihdp was detected after incubation
with peroxidase-labeled sheep antihuman IgE AbSOQ): for 1 h at room temperature. The
reaction was visualized after washing by addingritOof TMB (Sigma) with HO, substrate
per well for 15 min. The reaction was stopped bynH0 of 2 M sulfuric acid, the resulting

yellow color was measured at 450 nm and the resudtse expressed as corresponding OD.

4. RESULTS

4.1. Identification of wheat flour proteins recognized by IgE Abs of allergic patients

The salt-soluble proteins from the flour of sieduently used wheat cultivars
(Sulamit, Nela, Alana, Ebi, Banquet and Mladka) am& ancient cultivar (Spalda) were
extracted, separated by 1-DE and detected by Ighumoblotting using sera of patients with
allergy to ingested wheat. Using this approach aeehdemonstrated a large spectrum of
wheat IgE-binding proteins of molecular mass ragdirom 10 to 100 kDa. Initially, we
documented the impact of various wheat cultivaxt;aetion procedure, and of the technique
of separation on the detectable number of IgE-bmdivheat components. The cultivar
Sulamit was selected for further experiments bezafigts most frequent use in food industry
(due to the high quality for bakery) and its laggpectrum of IgE-binding proteins. Separation
by 1-DE and immunoblot technique indicated the texise of three groups of reactive sera
from allergic patients. IgE Abs of the first groupcognized predominantly proteins of

molecular mass above 30 kDa, those of the secamgpgow-molecular mass components
14



below 30 kDa, and IgE of the third group recogni#teslwhole spectrum of wheat molecules.
When the wheat extract was separated under reduwmngitions, IgE-binding proteins
ranging from 10 to 70 kDa were detected in the sérdl patients tested.

The complexity of the proteins extracted from wheeas documented after
resolving the samples by 2-DE. IgE binding molesweere detected after a transfer of
separated proteins onto nitrocellulose membranesabhdequent incubation with the patient’s
sera. Most frequently recognized protein spotswéi@it extract were identified by MALDI-
TOF and QTOF analysis. The technique combining 1deparation, immunoblotting, and
ion-trap mass spectrometer was employed to comfiietspectrum of the wheat components
recognized by IgE Abs. These methodological apgrescevealed 19 IgE binding proteins
including a-amylase inhibitors (CM16, CM17 and 0.19 dimermofilin, and Tri a Bd 27K
protein. Moreover, we succeeded in identifying ng&-binding wheat proteins such fis
amylase,3-D-glucan exohydrolase, serpin-amylase/trypsin inhibitor CM 3g-amylase
inhibitor Clll and three protein species of 27K {&ia.

To mimic the digestion of wheat containing food have tested the effect of pepsin
on the imunogenicity of the extracted wheat praefdter this treatment the number of IgE
binding wheat components was significantly reduaed four proteins were identified as
pepsin resistant: 0.19 dimereccamylase inhibitor, peroxidase 1, cytosolic cycltiphand
glyceraldehyde-3-phosphate dehydrogenase.

All techniques used in our study detected membérms-amylase inhibitor family
and confirmed this enzyme as one of the major whakattgens. Therefore, we developed an
ELISA assay for the detection and quantificatiorslgfE Abs using our wheat extract and/or
commercially availablex-amylase inhibitors type 1 and 3 as the couplinggans. The
difference between sIgE mean values in healthy doand allergic patients was statistically
significant for all wheat allergens tested.

Moreover, in pilot experiments blood cells, ob&lnfrom six patients with clinical
symptoms of wheat allergy and positive basophiivatibn test to a commercial wheat
extract, were exposed to the salt extract from wihwegtivar Sulamit and tax-amylase
inhibitors type 1 and 3, for comparison. Basoplaiiveation induced by the Sulamit extract
was similar to that induced by the commercial whedtact, ranging from 31 to 97% of

activated cells. Cell activation in response&tamylase inhibitor type 1 was detected in three
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out of six patients tested (leading to 23, 30, QA% of activated cells). The activation by

amylase inhibitor type 3 was not detected usingddrifie patient’s blood cells.

Proteomic analysis of wheat proteins recognized bjgE antibodies of allergic patients.

Petr Sotkovsky, Martin Hubalek, Lenka Hernychovéa, Retr Novak, Marie Havranova,

lvana Setinova, Andrea Kitanovigova, Martin Fuchs, Ji¢i Stulik and Ludmila Tu ¢kova.
Proteomics 2008; 8: 1677-91

4.2. Isolation and purification of wheat flour allergens

We developed a new procedure for isolating andfymoig relevant IgE-binding
proteins from a water/salt-soluble extract of whigair in amounts that allowed subsequent
structural and functional analyses. Isolation protaonsists of a three steps: ultrafiltration,
isoelectric focusing (Rotofor), and liquid chrongtaphy. Extracted salt soluble wheat
proteins were sequentially separated on an Amidtmafiltration devices (providing gross
separation according to molecular weight of prateend purified on the Rotofor cell (based
on pl gradient in liquid phase) into 20 fractiorBufficient quantities of proteins were
obtained to enable their further fractionation byU€. Preparative reverse-phase HPLC was
the main step in the purification of relatively dar quantities of several water/salt soluble
wheat proteins. Purified proteins were analyzedirmynunoblotting using sera from 22
patients with atopic dermatitis and components ingpdo IgE were identified by MALDI-
TOF mass spectrometry. This purification schemédgik 27 IgE binding proteins, including
several previously described-amylase inhibitors, non-specific lipid-transfer of@ins,
peroxidase, serpins arfidamylase identified by two-dimensional electroplsseas well as
several new wheat proteins, such as endogeneasiylase/subtilisin inhibitor, wheatwin,

TLP, tritin, XIP, B-glucosidase, class Il chitinase and 26 kDa endioeisie.

We previously showed that wheatwin-2 is an IgE umoreactive protein, and the
results presented here showed that wheatwin-1 dehtwin-2 have sequence homology of
97%. We were able to isolate them as a mixture ath bsoforms with high purity.
Furthermore, we have shown for the first time thath thaumatin-like protein and wheatwin

bind to IgE from patient’s sera and can activatiiepés’ basophils to an extent comparable to
16



that of the well characterized allergensamylase inhibitor 0.19 and lipid-transfer protein.
Moreover, our yield of purified naturalamylase inhibitor 0.19 was higher than that okoth
purified proteins and we confirmed its reactivitittwpatients’ IgE Abs. This protein had not

been isolated in its natural form in sufficient amband purity before.

To characterize the intensity and frequency withicw IgE Abs bind the individual
wheat components, 17 purified allergens were imrblotted with sera from all 22 patients,
10 disease controls and nine healthy controlspalients sera tested (100%) showed positive
IgE reactions witho-amylase inhibitors (0.28, CM16 and CM2), TLP antdnt Of the 22
sera, 20 or 21 (91% or 95%) reacted with CM17, 0263kDa endochitinase, XIP and class Il
chitinase. The frequency of recognition of othereathproteins was also high ranging from
54% to 86%. The densitometric evaluation of intgnsif IgE binding on immunoblots
documented the differences of binding of individudieat proteins. The IgE of patients
reacted with the highest intensity (median 6-8hwfite following already known allergens:
o-amylase inhibitors 0.53, CM16 and CM2, CM17 antinir as well as with the newly
identified IgE-binding wheat components TLP, 26 kidalochitinase and class Il chitinase. In
contrast, the lowest binding intensity was detegdirfor a-amylase inhibitors CM3 and
wheatwin (median 1 and 2, respectively). Moreoweven sera of disease controls (70%)
recognized endogenowsamylase inhibitor and tritin. Other proteins weeeognized by <
50% sera or did not react. Nevertheless, the iitten$ IgE binding calculated for disease
controls was low (median 0-2). None of the seranftbe nine healthy donors reacted with

any of the isolated proteins.

A new approach to the isolation and characterizatio of wheat flour allergens.
Sotkovsky P, Sklen#& J, Halada P, Cinova J, Setinova |, Kainarova A,Golias J,
Havlaskova K, Honzova S and Tdkova L. Clin Exp Allergy 2011; 41(7): 1031-43

4.3. Mouse model of food allergy

In this study we showed that irreversible chanigesecondary structure of egg
allergen ovalbumin (OVA) caused by thermal progagsignificantly affect its digestion by

gut enzymes and decrease its allergenicity in tloeise model of food allergy. Effect of
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increased temperature (70°C and 95°C) on OVA segnstructure was characterized by
circular dichroism and by the kinetics of pepsigedition with subsequent HPLC.

BALB/c mice were sensitized intraperitoneally awtallenged with repeated
gavages of OVA or OVA heated to 70°C (h-OVA). Leveadf allergen-specific serum
antibodies were determined by ELISA (IgA and Ig@s)by 3-hexosaminidase release test
(IgE). Specific activities of digestive enzymes weatetermined in brush border membrane
vesicles of jejunal enterocytes. Cytokine productand changes in regulatory T cells in
mesenteric lymph nodes and spleen were asses$edl®® and flow cytometry. Heating of
OVA to 70°C caused mild irreversible changes irsdary structure compared to boiling to
95°C (b-OVA), but both OVA treatments led to markedifferent digestion kinetics and
Tregs induction abilityn vitro, compared to native OVA.

Although both heated and native OVA induced aitedjarrhea in BALB/c mice,
the disease symptoms appeared much earlier andawitgher frequency in OVA fed mice
than in those fed with h-OVA. Allergic diarrhea a&pgped in about 70% of mice already after
the 5th i.g. dose of OVA, but only in 20% of thdsd with h-OVA. After 7 i.g. doses, the
disease symptoms were found in more than 90 % oA @d animals, but only in 35 % of
those fed with h-OVA. At the end of the experiméiQ i.g. doses), the diarrhea was found in
all mice fed with OVA, but only in 70% of mice fedth h-OVA.

To determine the effect of thermal processing hed &llergen on the level and
specificity of anti-OVA antibodies, the serum levelf IgE, 1gG1, IgG2a and IgA against
either OVA or h-OVA were determined in the cour$¢he experiment. The level of IgE anti-
OVA Abs was higher in response to native OVA tharh{OVA. In contrast, OVA-specific
lgG2a was significantly higher after h-OVA feedinfhe levels of the other two isotypes
(IgG1 and IgA) were increased compared to contratsthe differences corresponding to the
two OVA forms were diminished towards the end ofpemment. At the end of the
experiment, we characterized the specificity arel degree of cross-reactivity of anti-OVA
antibodies using ELISA with OVA, h-OVA or b-OVA bad as an antigen.

Increase of allergen sIgE is essential for malitamivation and development of
allergic diarrhea symptoms. We determined the le#eMMMCP-1 enzyme as the marker of
mast cell activation and degranulation. In thise¢dle reducing effect of thermal processing
was clearly demonstrated; the h-OVA induced onlyf hlae level of serum MMCP-1
compared to the native OVA.
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Local and systemic cell responses to OVA and h-ONMé&ke evaluated in all three
groups of animals as in vitro cytokine productignNdLN and splenocytes after exposure to
corresponding allergens. The levels of TNF-a, ILH45, IL-10 and IL-13 were higher in
culture media obtained from MLN exposed to nativ€AO The differences in cytokine
secretion were less pronounced in the experimeritis $plenocytes cultures. Only the
production of IFNy was higher after exposure to h-OVA as comparedMa.

Further, we analysed the changes in Tregs in sed MLNs of OVA-, h-OVA-
and PBS-treated mice at the end of the experinhespleen we observed a decrease in Tregs
in h-OVA treated mice, as compared to OVA- and RE&&ted mice. Only a non-significant
increase was found in MLNs of h-OVA treated mice.Characterize the effect of heating and
enzymatic digestion on T cell subpopulations, eslgcon regulatory T cell differentiation in
more detail, splenocytes from naive (untreated) BALmice were cultured in vitro either
with OVA, h-OVA or b-OVA as well as with their paptdigests. Then vitro stimulation of
splenocytes with undigested heated proteins ledha tslight increase in proportion of
CD4+Foxp3+ Treg cells compared to native form of AOMnterestingly, 20 min peptic
digests of heated forms of OVA induced increaseap@rion of Tregs, but this ability
decreased again after 40 min of digestion.

Heat-induced structural changes affect OVA-antigenprocessing and reduce allergic
response in mouse model of food allergy. Golias Schwarzer M, Wallner M, Kverka M,
Kozakova H, Snitkova D, KlimeSova K, Sotkovsky P, Palova-Jelinkova., Ferreira F
and Tuckova L. PLoS One. 2012; 7(5): e37156.

5. DISCUSSION

Recent research has provided clear progress inrttlerstanding of wheat allergy,
and has also revealed the problems to be resaivieifuture. The reasons for the increase in
food allergy prevalence are not well known, bug #hort period of time over which the
increase occurred, suggests that environmentairiaare more likely to be relevant as part of
the hygiene hypothesis [Bach, 2002; Schaub e@D6]. Extensive analysis of allergenic
molecules is generally time-consuming, indicatihg heed for rapid and easy methods of
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allergen separation. Greater knowledge will helghe precise diagnosis and treatment of
food allergies. Importantly, additional studiesIvok necessary to elucidate the profiles of the
allergens in both the water/salt-soluble and ingleldractions involved in each clinical type
depending on the patient age, sensitization ros@gsptoms, and the allergen state during
exposure.

Proteomic analysis has proved to be a useful toolthe identification of the
causative food allergens and for increasing theciBpgy of diagnostic tests. Using this
approach we have demonstrated a large spectrurhedtvproteins recognized by IgE Abs in
the sera of allergic patients. The 2-DE technigas been a critical tool for the separation
and analysis of proteins in complex systems. Huiglte a few thousand proteins can be
separated on the basis of IEF according to thef ptheo proteins in the first dimension, and
their relative molecular mass in the second dinengiSDS-PAGE). These IgE-binding
proteins were subsequently identified by MALDI-T@Rd QTOF technique. Using these
methodological approaches we identified 14 IgE-lmgdgroteins. The spectrum of identified
proteins was supplemented with further 5 moleculesg 1-DE separation and ion-trap mass
spectrometry detection technique. These methodmdbgipproaches revealed IgE binding
proteins including previously reportedamylase inhibitors (CM16, CM17 and 0.19 dimeric)
[Kitta et al., 2006; Weichel et al., 2006], prdiil{of high sequence identity with birch pollen
allergen) [Rihs et al., 1994], and Tri a Bd 27Kteio [Yamashita et al., 2002]. Moreover, we
succeeded in identifying new IgE-binding wheat eimmé such ag-amylase,B-D-glucan
exohydrolase, serpim-amylase/trypsin inhibitor CM 3y-amylase inhibitor ClIl and three
protein species of 27K protein.

We developed a new procedure for isolating andfypg wheat flour allergens
using Rotofor and HPLC. Rotofor fractionation oésle wheat proteins based on pl gradient
was an efficient initial purification step and da utilized for protein loads ranging up to tens
of milligrams in contrast to 2-DE. The main step the purification of relatively large
guantities of several water/salt soluble wheatenst was preparative reverse-phase HPLC.
The purified proteins were subsequently separaye8S-PAGE and identified by MALDI-
TOF mass spectrometry. This purification schemédgik 27 IgE binding proteins, including
several previously described-amylase inhibitors, non-specific lipid-transfer of@ins,
peroxidase, serpins arfidamylase identified by 2-DE [Pastorello et al., 208otkovsky et

al., 2008], as well as several new wheat protesnsh as endogenowsamylase/subtilisin
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inhibitor, wheatwin, TLP, tritin, XIP,3-glucosidase, class Il chitinase and 26 kDa
endochitinase.

All techniques used in our studies detected mesnben-amylase inhibitor family
and confirmed this enzyme as one of the major whélatgens. We found that the most
frequently recognized inhibitors were 0.28 and ature of CM16 and CM2Zx-amylase
inhibitors. However, the reactivity of the serunmgdes with other inhibitors, such as 049
amylase inhibitor, 0.19 dimeric, CM17, CM3 and egelaousa-amylase/subtilisin inhibitor
was also statistically significant. Although thedegenousa-amylase/subtilisin inhibitor has
not been reported as an allergen [Tatham, 2008]phgerved a reactivity of this purified
protein with IgE Abs from 19 out of 22 patients. Mover, our yield of purified natural-
amylase inhibitors 0.19 was higher than that ofeotpurified proteins [Sotkovsky et al.,
2011]. This protein has been described as oneeom&yor allergens of patients with baker’s
asthma as well as those with food allergy to wipgatano et al., 1998; Weichel et al., 2006],
but it had not been isolated in its natural formsufficient amount and purity. Recenthy;
amylase inhibitors 0.19 and CM3 has been identifiedstrong activators of innate immune
responses by engaging the TLR4-MD2-CD14 complexkiduet al., 2012].

Despite the fact that-amylase inhibitors were already known as allerd&nusaba-
Nakayama et al., 2001; Zapatero et al., 2003],racel study of quantitative estimation of
IgE Abs againsta-amylase inhibitors in the sera of allergic patentas missing. We
developed new ELISA assay for the detection andiification of sigE Abs against wheat
extract from the most frequently used cultivar &itaand/or commercially availabla-
amylase inhibitors type 1 and 3 as the couplingyans.

We also succeeded in isolating and purifying nelveat allergens associated with
food allergy, such as TLP and wheatwin. TLP isald®m wheat has been shown to be an
allergen in patients with baker’s respiratory aieflLehto et al., 2010] but not so far in
patients with food allergy. Moreover, we identifiadd purified wheat lipid transfer protein
that is also a major allergen associated with balesthma [Lauer et al., 2007]. In addition,
we purified other new IgE-binding wheat componestgsh as XIP, class Il chitinase and 26
kDa endochitinase, which were not previously idexdias allergens in individuals with food
allergy, although xylanase inhibitor protein wasntfied in patients with baker’'s asthma but
not purified [Lehto et al., 2010]. Moreover, we bkashown for the first time that purified

allergens such aa-amylase inhibitor 0.19, lipid-transfer protein, Fland wheatwin can
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activate patients’ basophils, thus showing that munified proteins have biological activity
and that the basophil activation test is usefullisgnosing this condition [Sotkovsky et al.,
2011].

In our recent study with mouse model of food gjefGolias et al., 2012], we
showed that minor irreversible changes in OVA sdeoy structure caused by thermal
processing changes its both digestion and antiggpitopes formation lead to activation of
different T cell subpopulations, induce shift todsiTh1 response and ultimately reduces its
allergenicity. Moreover, it would be of great imgarce to apply this model for verification
of hygiene hypothesis using animals kept under entienal and/ or germ-free condition and
subsequently colonized with various bacterial sgaFurthermore, this model will be useful
for other allergens components identified frometiéint natural sources.

6. CONCLUSIONS

Nowadays, proteomics plays a vital role in maniersdic disciplines, enabling
discovery of disease biology and mechanisms, newyy thrgets, food quality evaluation and
much more. Application of proteomic techniques e study of food quality has recently
revealed its power in pointing out differences aod proteomes relevant for nutrition and
diseases. IgE-reactive proteome analysis of whem@iponents provides not only an overall
map of the allergenic proteins, but also usefubrimfation for further systematic research on
wheat allergens and for individual desensitisingattments and therapeutic development.
Innovative analytical methods and novel applicaion available techniques are required to
face the food allergenicity problems in an integdatmanner. Due to the diversity of the
naturally occurring samples and the physicochemigedperties of proteins, sample
preparation knowledge has been not yet well estaddi. The research for food allergy and
the implications for the clinical utility depend @n better understanding of the molecular
nature of allergen components and those structwresh are important for the antibody
recognition and effector cell activation. This gpecially true for the immunotherapy with a
reduced risk of inducing adverse reactions, sucanaphylaxis [Factor et al., 2012; Kulis et
al., 2012]. Moreover, identifying whether the sémation is primary (species specific) or a
result of cross-reactivity to proteins with similprotein structures makes it easier for the
clinician to judge the risk of reaction on exposuce different allergen sources. The
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development of allergen components in pure formrhade it possible to resolve many of
these problems. The main area of application fatfipd natural or recombinant allergen
components is in the precise identification of @allergies that cause the disease [Borres et al.,
2011]. Allergen extracts will be needed for thegtiasis of unusual allergies and in the cases
of unusual sensitization patterns to common allegmurces, however, approaches based on
well-defined individual molecules of either naturat recombinant origin are likely to
supplement those based on food extracts in theefuftherefore, a library as Allergome
comprising well-characterised authentic natural esmbmbinant allergens was formed. The
protocols published in this library and the dethijghysicochemical characteristics of the
allergens will allow other researchers to produatlbes of native allergens of similar quality.
The availability of such information will improvehé comparability of studies utilising
purified allergens in future. The information abowir contribution to identification of
allergens can be found at Allergome databasesatticplar, these high-quality purified food
allergens will contribute to improve conventionabdl allergy diagnostics as well as to new
technologies such as protein biochips. In the hataire, allergenomic approaches could be
used as a standard techniqueifovitro separation and identification of allergens frorade

including novel and/or reduced allergen products.
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sigE specifické IgE

tTG tk&iova transglutaminaza

TGF transformujicitstovy faktor

TLP thaumatin-like protein

TLR toll-like receptor

TNF tumor nekroticky faktor

TOF doba letu

WDEIA na psSenici zavisla cs&nim indukovana anafylaxe
XIP xylanazovy inhibitor



THESIS SUMMARY

Food allergy is one of the frequent disorders iggmahcidence in paediatric as well as
adult population is continuously rising, having dtad in the last two decades. Although
wheat belongs to major food allergens and is destiaod in most diets, we have only little
knowledge of wheat proteins causing IgE mediatedelsensitivity reaction. Diagnostic
approaches of food allergy to wheat have a higtsigeity, but low specificity. Poor
predictability and specificity may be associatethwhe insufficient purity of wheat extracts
used in specific IgE assays or with the lack ofanajlergens in these extracts.

In the first step, we characterized 19 potentildrgens recognised by IgE Abs of
allergic patients, using proteomic techniques (1-DEDE, MALDI-TOF, QTOF and
LCQPE“A nLC-MS/MS ion trap technique). We identified thdg&-binding molecules such
as: a-amylase inhibitorsf3-amylase, profilin, serpinf3-D-glucan exohydrolase and 27K
protein. To quantify sIgE in patient’s sera we deped ELISA using the whole wheat extract
and two commercially availabte-amylase inhibitors.

Second, we developed a procedure that allowstisnlaf wheat allergens from
natural sources using Rotofor cell and HPLC. Twesdyen potential wheat allergens have
been successfully identified; of these, the follogvseven are newly reported in food allergy:
endogenousi-amylase/subtilisin inhibitor, trypsiafamylase inhibitor CMX1/CMX3, TLP,
XIP, B-glucosidase, class Il chitinase and 26 kDa endioelse. The biological activity of
purified allergens was tested using the basophivaton test. We have shown for the first
time that purified allergens, such @asamylase inhibitor 0.19, lipid transfer protein, Hland
wheatwin, can activate patients’ basophils, confignthat our purified proteins maintain
their biological activity.

Third, we investigated how thermal processinguiafices the ability of OVA to
induce allergic symptoms and immune responses usemodel of food allergy.

The aim of our studies is to identify the most artpnt wheat allergens in IgE
mediated hypersensitivity reaction. We developet nocedures of identification and
isolation of allergens in their native form in amésl sufficient both for biological testingn(
vivo andin vitro) and for physicochemical characterization. Sucidiss will lead to a more
detailed knowledge of allergenicity of wheat progeiand to improved specificity of

diagnostic tests.



SOUHRN V CESTINE

Potravinova alergie je jednim z s&$tjSich onemocEni a postihuje jak &skou, tak
dosglou populaci. Jeji vyskyt neustale roste, v posieldrdvaceti letech se zdvojnasobil.
Ackoliv pSenice pd&t mezi hlavni potravinové alergeny a je zakladoilsbu \&tSiny jidel,
nasSe znalosti pSemych protei zpisobujicich IgE hypersensitivni reakci je nedostaie
Diagnostika potravinové alergie na pSenici se vyajeavysokou sensitivitou, ale nizkou
specificitou. Ta mZe byt spojena s nedost&teu cistotou pouzivanych extraktanebo
absenci hlavnich alergéwn téchto extraktech.

V prvnim kroku jsme charakterizovali 19 potenciéin alergefi rozpoznavanych
IgE protilatkami ze sér paci@ntDiky proteomickym metodam (1-DE, 2-DE, MALDI-TOF,
QTOF a LCJFA nLC-MS/MS iontova past) jsme identifikovali rapgyto IgE vazajici
molekuly: inhibitorya-amylazy,-amylaza, profilin, serpir3-D-glukan exohydrolaza a 27K
protein. Pro kvantifikaci IgE protilatek jsme vyulh metodu ELISA, ve které byl pouzit jak
pSenény extrakt, tak komeé&n¢ dostupné inhibitorgi-amylazy.

V dals§im kroku jsme vyvinuli metodu postupné inslapSeninych alerget
z prirodnich  zdraj, kterd vyuziva zdzeni Rotofor a HPLC. Timto fistupem bylo
identifikovano 27 potencialnich alergerz nichZz 7 bylo no¥ popsano u potravinové alergie:
endogenni inhibitor a-amylazy, inhibitor a-amylazy CMX1/CMX3, TLP, XIP, B-
glucosidaza, chitindzaitly Il a 26 kDa endochitindza. Pro testovani biakg aktivity
purifikovanych alergel byl pouzit test aktivace bazafil Jako prvni jsme ukazali, Ze
purifikované alergeny jako inhibitax-amylazy 0.19, lipid transfer protein, TLP a wheatw
aktivuji pacientské bazofily. Timto se potvrdil@ #aSe purifikované proteiny si zachovavaji
svou biologickou aktivitu.

Na mySim modelu jsme také zkoumali vliv tepelnébpracovani vagného
ovalbuminu na jeho schopnost vyvolat odatvmunitniho systému.

Hlavnim @ginosem &chto praci je identifikace nejtezit¢jSich pSeninych alerget
schopnych vyvolat IgE hypersenzitivni reakci. Vyuinsme nové metody pro identifikaci a
izolaci alergen v jejich pirodni forn® a to v mnozZstvi, které je dostaté jak pro biologické
testy (n vivo, in vitrg, tak pro fyziochemickou charakterizaci. Tato stugovede ke
zpiesreni znalosti o alergenicitpSenénych alergeti a ke zlepSeni specificity diagnostickych
testi.



1. UVOD

Potravinova alergie je zavazné onemwgnpostihujici 6 az 8% &i a 2-3%
dosgglcyh, jeji vyskyt neustale roste [Poole et al.p@00stblom et al., 2008; Zicari et al.,
2012]. Za normalnich fyziologickych podminek vyivemunitni systém oralni toleranci, coz
je aktivni inhibice systémové odpimi na velké mnoZstvi pozitych alergea na komenzalni
organismy které aktivuji imunitni systém v pg#ai strdvenych patogénOralni tolerance
zavisi na neporusené a imunologicky aktivnfewai bariée. | pres velmi kyselé
prostedi Zaludku a ies travici enzymy prochazi zhruba 2% stravenychrapimiovych
antigeri pies gastrointestinalni bariéru a tyto antigeny jsamnsportovany te ve forng,
kter4 je za normalnich okolnosti neSkodna a neddctak k rozvoji potravinové alergie
[Sampson,1999]. Potravinové alergieizame Kklasifikovat na a) zprestkované IgE
protilatkami, tato reakce je u potravinovych alergiejlépe charakterizovana; b)
zprostedkované bikami; ¢) kombinované, kdy jsou do reakce zahrnaky IpE protilatky
tak i buiky imunitniho systému [Sampson, 2003; Cianferonalet 2009; Sicherer at al.,
2009]. Obeca je hlavnim imunologickym mechanismem u potravirgvlergii reakce typu
I, ktera je charakterizovana vysokou hladinou cedkm IgE a specifického IgE proti
normalré neSkodnym antigeim.

PSenice je ve &% nejvice konzumovanou obilninou a flamezi 6 hlavnich
potravinovych alergan(mléko, vajéka, pSenice, arasidy, soja a ryby), které jsou aeostimé
za 80% reakci u potravinovych alergii [Ramesh, 20@&koliv jsou obilniny zakladni
slozkou stravy pro &Sinu lidi, informace ohledn pSentnych alergef zpisobujicich
hypersenzitivni reakce jsou nedostate Alergie na pSenici je definovana jako poSkauji
imunologicka reakce po kontaktu s alergeny pSeaicaize se vyskytovat jako po p@&ni
pSenice klasicka potravinova alergie s koznimyitiéni a respiranimi symptomy; kontaktni
koprivka; a na pSenici zavisla @anim indukovana anafylaxe (WDEIA) [Palosuo, 2003;
Johansson et al., 2004; Sapone et al., 2012]. D#dilga potravinoveé alergie na pSenici neni
nicméré jednoducha. Hlavni dostupnén vivo metody jsou dvoji slepa placebem
kontrolovana studie a kozni prick testyckdliv jsou oralni provokéni testy povazovany
v diagnostice za zlaty standard, jséaso¥ nar@éné a mohou zsobit vazné Klinické
symptomy. Kozni prick testy jsou vhodné pro pagienpekaskym astmatem, nikoliv pro ty
s atopickou dermatitidou [van Kampen et al., 2008jproti tomu je test aktivace bazdfil

bran jako vhodna diagnosticka metoda vitro [Tokuda et al., 2009]. Pro detekci a
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kvantifikaci specifickych IgE protilatekn vitro byly vyvinuty radioimunologické (RIA) a
enzymatické (ELISA) metody. &oliv jsou tyto imunologické metody vysoce senaziiiv
maji vSak nizkou specificitu a nelze také vylibwréity stupei kiizové reakce [Sampson
2001; Tordesillas et al., 2009]. Nizka prediktdhila specificita vSech dosud znamychitest
muze byt spojena &stotou pSeriinych extrakli pouzivanych $ testovani specifického IgE
nebo také s nizkym obsahem hlavnich aleigéholekularni alergologie napoméha svymi
vyhodami v rozvoji nového konceptu diagnostiky gieftzv. component-resolved diagnosis)
a slouzi k identifikaci potencialnich molekukigobujicich alergické reakce.

Na zaklad razné rozpustnosti fize pSeniné proteiny rozdit na ve vod/solnych
roztocich rozpustné albuminy a globuliny na ve&sadinych roztocich nerozpustné gliadiny
a gluteniny. Obiloviny jsou sice zakladni potravim&cmeér ne vSechny pSefé alergeny
byly identifikovany. Nicméa v poslednich letech objevila proteomova analyadu IgE
reaktivnich komponent ve véfsolnych roztocich jak rozpustnych tak nerozpudtf@érg et
al., 2004; Akagawa et al., 2007]. Mezi hlavni a¢arg identifikované ze pSemé mouky ve
vodné/solné frakci p#tinhibitory a-amylazy/trypsinu, které mohou igobit senzitizaci po
straveni i inhalaci [Armentia A, 1993; James JM97]9 DalSim dlezitym rostlinnym
potravinovym panalergenem je nespecificky lipichgfa@r protein, ktery se deéla dostava jak
travicim tak dychacim systémem [Lauer et al., 20@alacin et al., 2007; Tordesillas et al.,
2009]. | kdyz proteomova analyza identifikovala&atle vod/solnych roztocich rozpustné
pSenéné proteiny jako nap-amylaza, thioredoxin a serpiny, seznam vSech igavinych
pSenénych alergefh neni dosud k dispozici a otazka jejich klinickéevance astava
nezodpo¥zena [Pastorello et al., 2007; Tatham et al., 2008formace o dosud
identifikovanych alergenech lze najit v alergendvyatatabazich, jako je napdatabaza

Allergome (vww.allergome.ory

ProtoZe jsou studie na alergickych jedincich lawdtné, zvieci modely potravinové
alergie napomahaji pochopeni mechanismu této chioNbrista proto zdjem o vyt¥eni
vhodného zueciho modelu a jeho zavedeni do praxe [Kimber 032@runner et al., 2009;
Pali-Scholl | et al., 2010; van der Ventel ML et &011].



2. HYPOTEZY A CILE PRACE

Hlavnim cilem této prace bylo identifikovat a dhkderizovat nejastji
rozpoznavaneé psemé alergeny, analyzovat jejich alergenicituispet k vétSimu pochopeni

hypersenzitivnich reakci a zlepSit diagnostiku pSenalergie.
Specifické cile prace:

- pomoci proteomickych technik (1-DE, 2-DE, MALDI-TQBTOF a LCGFA
nLC-MS/MS iontova past) identifikovat pSéné alergeny néastji

rozpoznavane IgE protilatkami ze sér padient

- vyvinout novou metodu pro izolaci a purifikaci idéikovanych IgE reaktivnich
pSenénych alergen v jejich girodni formg a v mnoZstvi umaijici nasledné
strukturalni a funéni analyzy, stej tak jako najit nové alergeny za pouZiti

ultrafiltrace, izoelektrické fokusace (Rotofor) apalinové chromatografie.

- zkoumat klinickou relevanci nevidentifikovanych a purifikovanych alergén
pouzitim stanoveni slgEin vitro (ELISA, Immunoblot) v korelaci s vysledky
koZnich prick test

- testovat bu&nou odpo¥d pacientskych bazofil s extrahovanymi proteiny a
identifikovanymi alergeny v testu aktivace bazifil

- analyzovat efekt pepsinu na imunogenicitu extrahgeh pSeninych proteiri a

simulovat tim traveni potravin obsahujicich pSenici

- na mysSim modelu potravinové alergie zkoumat vlipetaého opracovani
ovalbuminu na jeho schopnost indukovat alergickénggmy a imunitni
odpowvd.
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3. MATERIAL A METODIKA

3.1. Pacienti a kontroly

Séra byla ziskana od pacigns atopickou dermatitidou. VSichni pacientiélm
piiznaky alergie na pSenici &lnzvySenou hladinu sIg  &dni hodnota 10.24 U/mL;
rozsah, 0.4-72 U/mL). Potravinova alergie byla at@ma na zakladpozitivnich koznich
prick tesfi, sIgE a pozitivniho testu aktivace baznfiKozni testy se provély s kometnimi
alergenovymi extrakty (Alyostal, Stallergenes, iah Jako pozitivni odpad je
povaZzovano zarudlé misto po vpichu dmpéru 3 mm a ¥tSi oproti negativni kontrole. Jako
negativni kontroly byla pouzita séra zdravych d&amormalnimi hodnotami celkového IgE a
sigE.

3.2. Méreni celkového a specifického IgE

Koncentrace celkového a slgE na pSenici byla s&me pomoci enzymového
fluorescedniho imunotestu (UniCAP, Pharmacia, Svédsko nebondlite 2000, DPC,
Siemens Medical Solution Diagnosis) podle dopenil vyrobce. Hladina sIgE nad hodnotou

0.35 kU/L byla povazovana za pozitivni

3.3. Priprava vzorkii psenice

Z Ceské Zemdglské Univerzity v Praze byly ziskany vzorky moukg sedmi
negasegji pouzivanych kultivak pSenice Triticum aestivurjn Sulamit, Nela, Alana, Ebi,
Banquet, Mladka, Akteur a kultivar SpaldBrificum speltd. Proteiny byly extrahovany ze
pSenéné mouky (4 g) pomoci PBS (40 mLijeg noc g 4 °C, ultrasonikovany 15min na ledu
a centrifugovany i 20 000 g 15 min ) 4 °C. Extrahované proteiny z kultivaru Sulamityby
také opracovany pepsinem navazanym na agarozovém (&N, Biomedicals, OH).
Extrahované proteiny z kultivaru Akteur byly néasiédnahrubo separovany pomoci
ultrafiltracnich zaizeni Amicon Ultra 100k, 30k a 10k (Millipore, Billica, MA, USA)
vtomto pdadi podle molekularni hmotnosti prot&inKoncentrovana vysokomolekularni
frakce byla odstrama a filtrat byl dale zpracovan pomoci 30k filtrinadnotou cut-off 30
kDa. Koncentrat byl uchovan (frakce I) a filtratllgyale purifikovan pomoci 10k filtru
s hodnotou cut-off 10 kDa a uloZen jako frakce6ld (min, 2500 g and 20 °C). Koncentrace
proteini byla métena Proteinovym kitem (BCA, Pierce, IL, USA).
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3.4. Isoelektrickd fokusace ve vodné fazi

Proteiny frakce | a Il byly separovany podle jejicodnoty pl pouZzitim Rotoforove
preparativni cely (Bio-Rad). Proteiny frakce | (., 45 mg proteif)) se smichaly s 0.5%
CHAPS a byly ngecény na 55 mL destilovanou vodou obsahujici 5% glylcé&i% sngs Bio-
Lyte pH 5-8, pH 3-10 (Bio-Rad) a amfolyt pH 4—6ulfd, Buchs, Svycarsko). Proteiny
frakce Il byly fedény podobr az na srss amfolyti (v tomto gipac pH 4-6 and pH 6-9).
Oba vzorky byly frakcionovany pomoci Rotoforu sanstardnim obsahem 60 mL a 20
frakciona&nimi oddlenimi. Takto se fipravilo 20 frakci, u nichz se zffilo pH pomoci

mikroelektrody.
3.5. Vysokotlakd kapalinova chromatografie

VSech 20 frakci bylo nasledzpracovano pomoci HPLC (system Gold 125NM solvent
Module Beckman Coulter, Miami, FL, USA). Vzorky lytentrifugovany 10 minip 12 000

g. Supernatant byl aplikovan (2 mg protgima kolonu s polymerni reverzni fazi (PLRP-S)
1000A, 8um, 250x406mm (Varian, Palo Alto, CA, USA) a dald bgparovan pitokem
ImL/min v linearnim gradientu (roztok A, 0.1% TFAB; roztkok B, 0.1%
TFA/acetonitrile). Program gradientucahs 95% roztoku A a 5% roztoku B a&mil se takto:
5-25% B/5 min, 25-45% B/50 min, 45-70% B/5 min &®4-95% B/0.5 min. Kolona se
promyla 95 % roztokem B (10 min) a equilibrovalapmate:ni stav. Vzorky byly vysuSeny

na vakuové centrifuze (SpeedVac, Jouan, WinchegrerlJSA) a rozpudiny v PBS.
3.6. SDS-PAGE a imunobloting

Izolované proteiny byly analyzovany pomoci SDS-FA®oncentrace 1 nebo 3
mg/mL) v 15% nebo gradientovém (5-20%) gelu za kédich podminek. Separované
proteiny se barvily Coomassies Brilliant Blue R-2Z8BB). Vybrané frakce bylyieneseny
na nitrocelul6zovou membranu (NC2, SERVA, HeiddalheBermany) (1 hod, laboratorni
teplo€). Membrana se blokovala PBS s 0.5% Tween 20 abmkala s pacientskym sérem
fec€nym 1:10 v blokanim pufru ges noc g 4 °C. Po promyti PBS-0.1% Tween 20 byly
stripy membrany inkubovany s peroxidazou ¢amou o¥i anti-lidskou IgE sekundarni
protilatkou (1:1000; The Binding Site, Birminghab¥K) jednu hodinu za laboratorni teploty.
Reakce se vyvolala pomoci SuperSignalWest Picol kita (Pierce). Luminiscence se
detekovala na Kodak Medical X-ray filmy (Kodak, Rester, NY, USA). Data byla

digitalizovana a vyhodnocena programem AIDA 3.28y{est, Straubenhardt, Germany).
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3.7. 2-DE

PSentné proteiny byly precipitovany a naslédnozpusény v IEF pufru. Jejich
koncentrace byla stanovena modifikovanym testem B&€Zorky proteim (100 mg) bylo
pouzito pro naneseni na analyticky gel (ImmobilDeyStrips, 18 cm, nelinearni pH 3-10
gradient, Amersham Biosciences, Uppsala, Svédske). druhém rozrru byl pouZit
gradientovy gel 9-16%. Eletroforéza byla gn$t na pistroji Protean Il xi Multi Cell
(BioRad, Hercules, CA, USA). Proteiny z analytickéjelu byly barveny gbrem. Gely byly
digitalizovany pomoci laserového denzitometru (Beat Densitometer, Molecular
Dynamics, Sunnyvale, CA, USA). Vyhodnocené bylovedeno pomoci programu PDQuest
(BioRad).

3.8. Test aktivace bazofilii

Test aktivace bazofil se provedl na gtokovém cytometru po stimulaci krevnich
burgk s izolovanymi pSexinymi protein a kontrolou (PBS, anti-IgE).  Vzorky vir byly
ziskadny od paciefits pSeninou alergii, paciefit s jinymi typy alergie a zdravymi darci.
Zkracerg, 100 mL heparinizované krve se inkubovalo (30 rpiin 37 °C) s 10 mL
stimulaniho pufru obsahujicim (v pafru 1:10) kometné dostupny pSeniny extrakt (1000
IC/mL Stallergens, Antony Cedex, Francie) a nebbragé pSewné alergeny (koncentrace
1mg/mL). Po inkubaci byly vzorkyipneseny na ledu a inkubovany 15 min s CD203/PE
(Beckman Coulter) a anti-CD63/FITC (Exbio, PragGeech Republic). Po odmyti btknse
pratokovym citometrem (FC500, Beckman Coultergiiho procento aktivovanych bazaiil
exprimujicich CD63 and CD203c.

3.9. Hmotnostni spektrometrie

Vzorky byly smichany ve zkumavkach ve stejném wijes matrix. Jeden mikrolitr
z kazdé smsi byl aplikovan na MALDI vzorkovou desku, vysuSen a vlozen do
hmotnostniho spektrometru. Spektra byla zaznameméana pistroji MALDI-TOF Voyager
DE STR (Perseptive Biosystems, Farmingham, MA, US&ydé ze spekter bylo ziskano sty
laserovymi vysiely. Proteiny se identifikovaly pomoci programu tenoProspector a
MASCOT. Proteiny, které se neidentifikovaly na MALDOF byly analyzovany na QTOF a
LCQPE“A nLC-MS/MS iontova past.

3.10. ELISA
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Pro stanoveni alergen-specifického IgE se Mikratiti desttky (Maxisorp Surface;
Nunc, Roskilde, Denmark) ies noc p 47 °C pokryly fiznymi alergeny (50 mL o
koncentraci 20 mg/mL v PBS). Blokace se provedla B$A v PBS obsahujicim 0.1%
Tween 20. Po promyti s PBS a PBS obsahujicim 0.0%%¢en 20 bylo v dubletech
napipetovano pacientské sérum s IgE protilatkamkabovano pes noc fi 47 °C. Destiky
se promyly, jak bylo popsano vySe a reakce IgEilatek byla detekovana po hodinové
inkubaci s peroxiddzou zéenou ovi protilidskou IgE protilatkou (1:500)#p laboratorni
teplo€. Reakce se vizualizovala po promytifadani 50 mL TMB (Sigma) s #D. a inkubaci
15 min. Reakce se zastaviladanim 50 mL 2 M roztoku kyseliny sirové. Vyslednaté
zabarveni se #filo pii 450 nm a vysledky se vyjéty jako prislusna hodnota optické

denzity.

4. VYSLEDKY

4.1. Identifikace proteinit pSenicné mouky rozpozndvanych pacientskymi IgE

protilatkami

Ve vod/solnych roztocich rozpustné proteiny z mouky zi §g&Sentnych kultivai
(Sulamit, Nela, Alana, Ebi, Banquet a Mladka) @dnjoho starého kultivaru (Spalda) byly
extrahovany, separovany na 1-DE a detekovany IgEldqikami ze sér alergickych paciént
na imunoblotu. Timto ffistupem jsme popsali velké spektrum p&eyth IgE vazajicich
proteini s molekulovou hmotnosti od 10 do 100 kDa. N&#au jsme dokumentovali vliv
raznych pSeriinych kultivaf, extraknich postup a technik separace na detekci IgE
vazajicich pSetnych komponent. Kultivar Sulamit byl vybran pro &lalexperimenty
vzhledem k jeh@astému pouziti v potravibstvi (je vysoce kvalitni pro pekeké poteby) a
velkému spektru IgE vazajicich protéirSeparace na 1-DE a metoda imunoblot indikovala t
skupiny sér alergickych paciéntV prvni skupir byly IgE protilatkami rozpoznavany hlayn
proteiny s molekulovou hmotnosti nad 30 kDa, vehdrgkupig proteiny pod 30 kDa a ve
tieti skupig celé spektrum pSefriych proteiti. Za reduknich podminek reagovaly IgE
protilatky s proteiny s molekulovou hmotnosti mdfl az 70 kDa u vSech testovanych

pacient.
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Spektrum identifikovanych pSemiych alergef bylo doplréno po 2-DE analyze.
IgE reaktivni molekuly byly detekovany po sepa@genosu na nitrocelul6zovou membranu
po inkubaci s pacientskymi séry. Na$€ji rozpoznavané proteinové spoty z extraktu
Sulamitu byly identifikovany nafstrojich MALDI-TOF a QTOF. Technika kombinujici 1-
DE separaci, imunoblot a iontovou past doplnila ktpen pSeninych komponent
rozpoznavanych IgE protildtek. Tento metodologigbystup odhalil 19 IgE vazajicich
proteini jako nap. inhibitory a-amylazy (CM16, CM17 a dimerni 0.19), profilin, ofein
Tri a Bd 27K.

Pro simulaci podminek traveni potravin obsahujicgSenici jsme testovali vliv
pepsinu na imunogenicitu extrahovanych p&eych proteii. Paiet IgE reaktivnich
komponent se vyznamirsnizil po tomto opracovanityii proteiny byly identifikovany jako
pepsin rezistentni: dimerni inhibitoo-amylazy 0.19, peroxidaza 1, -cyklofilin a
glyceraldehyd-3-fosfat dehydrogenaza.

VSechny techniky v nasi studii detekovédguclena rodiny inhibitofi a-amylazy a
potvrdily tyto enzymy jako hlavni pSemié alergeny. Proto jsme vyvinuli metodu ELISA pro
detekci a kvantifikaci sIgE protilatek s pouzitinaSich pSernych extraki a komeéné
dostupnych inhibitar a-amylazy typ 1 a 3 jako antig&nRozdil mezi sedni hodnotou sIgE
u zdravych darc a alergickych paciefitbyl statisticky vyznamny pro vSechny pSamd
alergeny.

V pilotni studii byly krevni bazofily ziskané zJa pacieni, kteri meli klinické
symptomy pSerné alergie, kultivovany s pSeéniym extraktem kultivaru Sulamit a inhibitory
a-amylazy typu 1 a 3. Aktivace bazdfiindukovana extraktem ze Sulamitu byla podobna
indukci po kultivaci s komeénim extraktem (rozmezi bylo 31 az 97% aktivovanlyahofili).
Bunécnd aktivace po kultivaci s inhibitoremramylazy typu 1 byla detekovanati ze Sesti
testovanych paciefnt(aktivace byla u 23, 30, a 97% il Po kultivaci s inhibitorenu-

amylazy typu 3 nedoSlo u Zzadnych testovanych pacleaktivaci bazofi.

Proteomic analysis of wheat proteins recognized bigE antibodies of allergic patients.

Petr Sotkovsky, Martin Hubalek, Lenka Hernychovéa, Retr Novak, Marie Havranova,

lvana Setinova, Andrea Kitanovigova, Martin Fuchs, Ji¢i Stulik and Ludmila Tu &kova.
Proteomics 2008; 8: 1677-91
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4.2. Izolace a purifikace alergenii pSeni¢né mouky

Vyvinuli jsme novy postup pro izolaci a purifikadgE vazajicich protein

z vodného/solného extraktu z pss@d mouky a to v mnozstvi, které uniaje dalSi
analyzy. lzolace se sklada zé& thlavnich krok: ultrafiltrace, isoelektricka fokusace
(Rotofor), a kapalinova chromatografie. Podrghnextrahované proteiny byly nejprve
separovany na ultrafilttaich zaizenich Amicon (roz¢éleni podle molekulové hmotnosti) a
nasledg purifikovany na pistroji Rotofor (na zaklad gradientu pl ve vodné vazi) do 20
frakci. Dostatené mnozstvi protein bylo ziskano dalSi frakcionaci na HPLC. Hlavnim
krokem @i purifikaci relativie velkého mnoZstvi tznych ve vod/solnych roztocich
rozpustnych pSe&mych proteii bylo preparativni HPLC s reverzni fazi. Purifikoea
proteiny byly analyzovany na imunobotu se séry 2®ignfi s atopickou dermatitidou.
Komponenty vazajici IgE byly identifikovany na MALDOF hmotnostnim spektrometru.
Timto purifika&¢nim postupem jsme ziskali 27 IgE vazajicich prdtgako nap. jiz diive
popsané inhibitorya-amylazy, lipid transfer protein, peroxidazu, seypa [-amylazu, ale
také rtkolik novych pSeninych proteii: endogenni inhibitora-amylazy/subtilizinu,

wheatwin, TLP, tritin, XIPB-glukosidaza, chitindzaidy Il a endochitindza 26 kDa.

V piedchozi praci jsme ukazali, Ze je wheatwin-2 IgEinoreaktivni protein.
Vysledky v této praci ukazuji, Ze wheatwin-1 a wiag@a-2 maji sekveéni homologii 97% a
Ze jsme schopni je izolovat ve vysakiétott jako sngés obou izoforem. Jako prvni jsme také
ukazali, Ze protein wheatwin a TLP vazou nejen graské IgE protilatky, ale také aktivuji
bazofily z krve paciefit a to ve srovnéni s di# charakterizovanymi alergeny: inhibitor
amylazy 0.19 a lipid transfer protein. ¥tk purifikace inhibitorua-amylazy 0.19 byl
piitom nejwtsi ze vSech nami purifikovanych proteirNavic jsme potvrdili jeho reaktivitu
s pacientskymi IgE protilatkami. Tento protein ¢eSikdy nebyl izolovan zifrodnich zdraj

v dostaténém mnozstvi aistots.

Pro zjiSéni intenzity a frekvence vazby IgE protilatek srjetivymi pSenénymi
komponentami bylo 17 purifikovanych alergetestovano na imunoblotu se séry vSech 22
pacienti, 10 pacient s jinymi alergiemi nez pSefmymi a 9 zdravych daéc U vSech pacieit
(100%) byla pozitivni reakce IgE protilatek s inkdoy a-amylazy (0.28, CM16 a CM2),
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TLP a tritin. 20 nebo 21 pacié€n(91% nebo 95%) reagovalo na inhibitaryamyldzy CM17,
0.53, 26 kDa endochitinazu, XIP a chitinadztidy Il. Frekvence rozpoznavani dalSi
pSenénych proteii byla také vysoka pohybujici se mezi 54% az 86%mziemetrické
méteni intenzity vazby IgE protilatek na imunoblotu kdmentuje rozdily ve vazbu
jednotlivych pSeriinych proteii. Pacientské IgE protilatky reagovaly s v intenzitou
(stredni hodnota 6-8) s jiz znamymi alergeny (inhihitor-amyldzy 0.53, CM16 a CM2,
CML17 a tritin), ale také s névidentifikovanymi pSerinymi komponentami (TLP, 26 kDa
inhibitora a-amylazy CM3 a wheatwin &dni hodnota 1 a 2). Sedm sér od padisrjinymi
alergiemi (70%) rozpoznavalo endogenni inhibideamylazy a tritin. DalSi proteiny byly
rozpoznavany ménnez 50% pacieitnebo byla reakce negativni. Nicnéémtenzita IgE
vazby u paciert s jinymi alergiemi byla nizkd @&dni hodnota 0-2). U Zadného séra
zdravych darg nebyla reakce IgE s izolovanymi proteiny pozoraan

A new approach to the isolation and characterizatio of wheat flour allergens.
Sotkovsky P, Sklen# J, Halada P, Cinova J, Setinova |, Kainarova A,Golias J,
Havlaskova K, Honzova S and Tdkova L. Clin Exp Allergy 2011; 41(7): 1031-43

4.3. Mysi model potravinové alergie

V této studii jsme ukazali, Ze ireverzibilni &ny v sekundarni strukie vaj&ného
alergenu OVA zpsobené tepelnym opracovanim vyznaromlivnily trdveni tohoto alergenu
enzymy a snizili jeho alergenicitu u mysiho modedtravinoveé alergie. Vliv zvySené teploty
(70°C a 95°C) na OVA byl charakterizovan cirkulannidichroizmem a kinetikou
pepsinového traveni s naslednou analyzou na HPLC.

MysSi BALB/c byly intraperitoneal& senzitizovany opakovanym podanim OVA a
zahatého OVA na 70°C (h-OVA). Hladina slgE bylai®mna metodou ELISA (IgA a IgG)
nebo B-hexosaminiddzovym testem (IgE). Aktivita travicidnzynmi byla nmefena ve
vezikulach kartéového lemu jejunalnich enteroéyt Produkce cytokién a zneny u
regula&nich T- lymfocyfi v mezenternich miznich uzlinach a sleziny bylypst@ny metodou
ELISA a piitokovou cytometrii. Zatéti OVA na 70°C zfisobilo mirné ireverzibilni zgmy
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v sekundarni strukte ve srovnani se z#tim na 95°C (b-OVA), nicménoke opracovani
vedla k vyrazné zemé v trdveni a schopnosti indukovat regua T lymfocyty in vitro ve
srovnani s neopracovanym OVA.

| kdyz tepel& opracovany i neopracovany OVA indukoval u BALB/cy$h
alergicky pifijem, symptomy se objevily dalekadide a s ¥tSi frekvenci u mysi krmenych
OVA nez h-OVA. Alergicky piijem se objevil u 70% mySi po podani paté davky O¥l&,
jen u 20% mysi krmenych h-OVA. Po sedmé davce Bylmptomy u vice nez 90% mysi
krmenych OVA, ale jen u 35% krmenych h-OVA. Na kioexperimentu (10. Davka) &ty
prujem vSechny mysi krmené OVA, ale jen 70% myg&idmych h-OVA.

Pro stanoveni vlivu tepelného opracovani byly dbgihu experimentu gfeny
hladiny IgE, 1gG1, IgG2a a IgA protilatek proti OVidebo h-OVA. Hladina anti-OVA IgE
byla vySSi u nativniho OVA nez u h-OVA. Naproti torhladina IgG2 protilatek byla vySSi u
h-OVA. Hladiny dalSich dvou izotypprotilatek (IgG1 a IgA) byla zvySena oproti koriénm,
ale rozdily mezi nimi byly minimalni. Na konci expaentu jsme zkoumali metodou ELISA
specificitu a stupekiiZzové reaktivity u protilatek proti OVA, h-OVA a GVA.

Zvyseni hladiny sIgE jetdezité pro aktivaci zirnych bék a rozvoj alergickych
symptomii. Stanovovali jsme hladinu enzymu MMCP-1 jako ukeleaaktivace a degranulace
Zirnych bugk. Vtomto gipad byl efekt tepelného opracovani jasprokazéan: h-OVA
indukoval pouze polovinu mnoZstvi MMCP-1 orpotiimaimu OVA.

Lokalni a systéemova batna odpo¥d na OVA a h-OVA byla vyhodnocena u
vSech ti skupin zvfat v testechin vitro jako cytokinova produkce MLN a spleno@ypo
kultivaci s jednotlivymi alergeny. Hladina TNg- IL-4, IL-5, IL-10 a IL-13 byla vysSi u
kultur obsahujicich MLN s nativnim OVA. Rozdily vaalukci cytokiri byly mére vyrazné u
experimeni se splenocyty. Pouze produkce I¥MNyla vysSSi po expozici h-OVA neZ po
OVA.

Dale jsme analyzovali z¢ény u regul&nich T-lymfocyti ze sleziny a MLN mysSi po
aplikaci OVA, h-OVA a PBS. Ve slezirjsme pozorovali poklegthto T-lymfocyti u mysi,
kterym byl podavan h-OVA ve srovnanié¢sii s OVA a PBS. U MLN z mysi s aplikovanym
h-OVA nebyl naést signifikantni. Pro charakterizaci vlivu tepelpéla enzymatického
opracovani na populaci T-lymfo@y{hlavre na diferenciaci reguaich T-lymfocyti) byly z
novych BALB/c mysSiin vitro kultivovany splenocyty s OVA, h-OVA, b-OVA a s
jejich peptidy po natraveni. Stimulade vitro vedla u tepelh opracovanych proteinke
zvySeni CD4+Foxp3+ reguaich T-lymfocyti ve srovnani s nativnim OVA. Natrdvené
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peptidy z tepelér opracovaného OVA indukovaly po 20 minutovém enzyémo pisobeni
zvySené mnozstvi regwiaich T-lymfocyfi, nicmér tato schopnost klesla po 40 minutovém

natraveni.

Heat-induced structural changes affect OVA-antigenprocessing and reduce allergic
response in mouse model of food allergy. Golias Schwarzer M, Wallner M, Kverka M,
Kozékova H, Snitkova D, KlimeSova K, Sotkovsky P, Palova-Jelinkova., Ferreira F
and Tuckova L. PLoS One. 2012; 7(5): e37156.

5. DISKUZE

Dnesni vyzkum ugal velky pokrok v porozurni pSeniné alergie, ale také objevil
problém, které bude paba v budoucnureSit. Divody, pr& vzrista pdet pacieni
s alergiemi, nejsou dostdteé vyswétleny, nicmég se zda, Ze velkou roli hraji faktory
prostedi jako sotiast tzv. hygienické hypotézy [Bach, 2002; Schaubl.et2006]. Rozsahla
analyza alergennich molekul jmso¥ narana, proto jsou zapit#bi jednoduché metody
separace alergén LepSi znalost alergenovych molekul pdm v diagnostice a d6é
potravinovych alergii. Naprosto zasadni jsou dsi§die, které pomohou objasnit klinickou
relevanci alergehnjak ve vod/solnych roztocich rozpustnych tak nerozpustnyaawislosti
na w&ku paciend, zpisobu senzitizace, symptdma stavu alergeénpo vniknuti do organismu.

Proteomicka analyza ukazala, Ze je unfen nastrojem pro identifikaci
potravinovych alergena pro zvySeni specificity diagnostickych testimto gistupem jsme
demonstrovali velké spektrum p3&mych proteii rozpoznavanych IgE protilatkami ze sér
alergickych pacierit Technika 2-DE hraje Kiovou roli v separaci a analyze protein
v komplexnich systémech. Stovky az tisice prdtdae separovat na zakk&dEF v prvnim
rozmeru podle pl kazdého proteinu a podle molekulové tmosti ve druhém rozénu (SDS-
PAGE). Proteiny véazajici IgE lze naslédidentifikovat pomoci MALDI-TOF a QTOF
hmotnostni spektrometrie. Pomoci tohoto metodoka&io postupu jsme identifikovali 14
IgE vazajicich molekul. Spektrum identifikovanychofeini bylo doplrtno o 5 dalSich
molekul ze separace na 1-DE identifikace pomocithosiniho spektrometru s iontovou
pasti. Bmito metodami jsme identifikovali IgE vazajici peoty jako nap. jiz drive popsané
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inhibitory a-amylazy (CM16, CM17 a dimerni 0.19 [Kitta et &006; Weichel et al., 2006],
profilin (s velkou sekvefni homologii s pylovym alergenentiby) [Rihs et al., 1994], a
protein Tri a Bd 27K [Yamashita et al., 2002]. Naydme uspli v identifikaci novych IgE
vazajicich pSetinych proteiri: -amylaza,p-D-glukan exohydrolaza, serpin, inhibitor
amylazy/trypsinu CM 3, inhibitom-amylazy Clll a &i izoformy proteinu 27K.

Vyvinuli jsme novou metodu pro izolaci a purifikealerger z pSeniné mouky,
ktera vyuziva zdzeni Rotofor a HPLC. Rotoforova frakcionace p&eych proteii na
zaklad hodnoty pl byla dostated pro pdateni purifikaci a lze ji pouZzit pro vzorky
s obahem desitek miligramproteini, na rozdil od 2-DE. Hlavnim krokem v purifikaci
relativre velkého mnozstvi tiznych ve vod/solnych roztocich rozpustnych p&amich
proteimi byla preparativni HPLC sreverzni fazi. Purifikogaproteiny byly nasledn
separovany pomoci SDS-PAGE a identifikovana hmatiospektrometrii (MALDI-TOF).
Timto pristupem jsme ziskali 27 IgE vazajicich proteimezi kterymi byly jiz dive popsané
inhibitory a-amylazy, lipid transfer protein, peroxidaza, seypaf-amylaza [Pastorello et al.,
2007; Sotkovsky et al., 2008], aledkolik novych pSerinych proteiri jako nap. endogenni
inhibitor a-amylazy/subtilizinu, wheatwin, TLP, tritin, XIf-glukosidazu, chitinazuidy I
a endochitinazu 26 kDa.

VSechny techniky pouzité v naSich studiich detekpvastupce rodiny inhibitara-
amylazy a potvrdily tyto enzymy jako jeden z hlamipSeninych alergefi. Nejastji
rozpoznavanym inhibitorera-amylazy byl 0.28 a sés CM16 a CM2. Nicméhreakce IgE
protilatek s dalSimi inhibitorg-amylazy byla také statisticky vyznamna (0.19, dim®.19,
CM17, CM3 a endogenni inhibitor-amylazy/subtilizinu). &koliv nebyl endogenni inhibitor
a-amylazy/subtilizinu popsan jako alergen [Tathar@Q&, v nasi studii jsme pozorovali
reakci tohoto proteinu s IgE protilatkami u 19 zatient. NejwtSiho vyEzku purifikace
jsme dosahli u inhibitora-amylazy 0.19 [Sotkovsky et al., 2011]. Tento piroteyl popsan
jako jeden z hlavnich alergienjak u pacient s peka#skym astmatem, tak uédh
s potravinovou alergii [Amano et al.,, 1998; Weicle¢lal., 2006], nicmén nebyl nikdy
izolovan a z girodnich zdraj v dostaténém mnozstvi distot. NejnowjSi poznatky popisuji
inhibitor a-amylazy 0.19 a CM3 jako silné aktivatory vrozemaunitni odpo¥di zapojenim
komplexu TLR4-MD2-CD14 [Junker et al., 2012].

Prestoze byly inhibitorya-amylazy znamy jako alergeny [Kusaba-Nakayama.et al

2001; Zapatero et al., 2003], cl¥d kvantitativni studie popisujici reakechto enzyn s
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IgE protilatkami ze sér pacigntProto jsme vyvinuli novou metodu ELISA pro detekc
kvantifikaci sIgE proti proteitim pSeniného extraktu (kultivar Sulamit) a kondaé
dostupnym inhibitaim a-amylazy typ 1 a 3.

Uspsli jsme také vizolaci a purifikaci novych psSé&mych alergef spojenych
s potravinovou alergii: TLP a wheatwin. TLP izolayaz pSenice jiz byl popsan jako alergen
u pacient s respirani alergii (pekeské astma) [Lehto et al., 2010], ale nikoliv u padi
s potravinovou alergii. Identifikovali a purifikolkgsme také lipid transfer protein, ktery je
také asociovan s peilskym astmatem [Lauer et al., 2007]. Navic jsmefixanvali dalSi nové
IgE vazajici komponenty, které nebylyive identifikovany jako alergeny u potravinové
alergie: XIP, chitinazaridy Il a endochitinaza 26 kDa. XIP byl identifikmv pouze u
pacienti s pek#skym astmatem, avSak nebyl purifikovan [Lehto et 2010]. Navic jsme
jako prvni ukazali schopnost inhibitoouamylazy, lipid transfer proteinu, TLP a wheatwinu
aktivovat pacientské bazofily. Tim jsme ukézali, dami purifikované proteiny maji
biologickou aktivitu a test aktivace bazdéfje uzit&nym nastrojem v diagnostice [Sotkovsky
et al., 2011].

V naSi studii s mySim modelem potravinové alerfiolias et al., 2012] jsme
ukazali, Ze nevratné zZmy v sekundarni strukta OVA po tepelném opracovani vedou
k aktivaci fiznych subpopulaci T-lymfocyt mohou vést k Thl odpési a tim snizit
alergenicitu tohoto proteinu. V dalSich studiichvelmi dilezité pouzit tento model pro
ovéreni hygienické hypotézy s pouzitim bezmikrobnichiatva nasledh je kolonizovat
raznymi kmeny baktérii. Navic bude tento model ufifepro testovani dalSich alergenovych

komponent identifikovanych Ziznych girodnich zdraj.

6. ZAVERY

V dneSni dob hraje proteomika iezitou roli v fiznych ¥deckych od¥tvich,
umoziuje zji¥ovat @iciny chorob, napomaha v cilen&l€, hodnoti kvalitu potravin atd.
Aplikace proteomickych technik do studii zabyvajfti se kvalitou potravin nabira
v poslednich letech na sile tim, Ze rozliSuje paa vhodné pro nasi vyZivu. Analyza
zabyvaijici se IgE reaktivnimi pSéniymi komponentami nam nedava pouze seznam alergen

ale poskytuje uzitné informace pro dalSi vyzkurchto alerget ve vztahu naip k 1&bé ¢i
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terapeutickému vyvoji. Inovativni analytické metaayoveé aplikace dostupnych technik jsou
vyzadovany pro celkovy pohled na potravinové akergizhledem k diverzit piirodnich
vzorki a fyzikalre-chemickym vlastnostem protéinnebyly dosud dostate¢ popsany
postupy pipravy proteii. Vyzkum potravinové alergie a jehaisledky v klinické praxi
zavisi na detaikjSim poznani alergenovych komponent a jejich stmyktcoz je dlezité ve
vztahu kreakci protilatek a aktivace efektorovybhrék. Toto je zvla&t pravdivé u
imunoterapie a s ni spojené riziko poSkozujici ceajako je anafylaxe [Factor et al., 2012;
Kulis et al., 2012]. Navic zji8hi, zdali je senzitizace primarni (drukkospecifickd) anebo je
vysledkem kiZzové reaktivity s proteiny s podobnou sktrukturomapomaha Klinikm

v posuzovani miry rizika reakce s proteinytznych alergenovych zdioj PouZzivani
alergenovych komponent v jejictisté forn® maze vyeSitfadu gchto probléni. Hlavnim
polem pisobnosti alerganha’ uz z girodnich zdraj anebo rekombinantnich je vgsném
urceni pivodu alergické reakce [Borres et al., 2011]. Alame extrakty budou pieba

v diagnostice neobvyklych alergii, nicnéemiistupy zaloZzené naigsré definovanych
individualnich molekuldch (rodni nebo reakombinantni) vhadnv budoucnu doplni
diagnostiku alergii. Proto databaze jako je Allengo které obsahuji déd charakterizované
alergeny, se budou rozvijet. Informace o fyzikathemickych vlastnostech alergen
publikované vé&chto databazich umoZznédcim jejich WtSi produkci a to se stejnou kvalitou.
Dostupnost takovychto informaci povede v budoucru ZkepSeni srovnatelnosti studii
pouZzivajicich purifikované alergeny. Informace &iola gispivcich k identifikaci alergei
Ize pra¢ najit v databazi Allergome. Zejména vysoce kvalipurifikované potravinove
alergeny pispeji ke zlepSeni konvemi diagnostiky potravinové alergie, st&jtak nové
technologie jako jsou proteinové Bipy. Jiz brzy se v alergologii stanou tytdigiupy

standardnimi technikami v separaci a identifikastrgvinovych alergein
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