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Summary in Greek

Ta avéavopevo Kpovopato aArepyiog amd KATOVOAMGON TPOPIL®V 00NYyNoav TNV
Evporaikn Apyl Acediewag Tpooginowv (EFSA) ot 0éomion tov Kovoviepov
2007/68/ECmov kAvel VIOYPEWTIKY TN CHUAVGT GAAEPYLOYOVOL GULOTOTIKOD GTHV
ETIKETAL TOL TPOPIHOL. MeTaED GAA®V oTn AMOTA TV GLOTUTIK®V TOL TPOKAAOVY
AAAEPYLOYOVES AVTIOPAGELS CLYKOTAAEYETOL KOl TO GEAVO. ¢ €K TOVTOL 1| Brounyavia
Tpogipmv avtipetoniler 10 mTPOPANUO oxedlooHod TOANTAOK®Y Kol aKPPOV
GLOTNUATOV SloYEIPIONE TOV AAAEPYIOYOVOV KOl EIGIKOTEP TOV GEALVOL EPOGOV OEV
VILAPYOVV EVKOAEC KOl QTNVES OVOGOAOYIKEG HEBOOOL aviyvevong Kol TOGOTIKOD
TPpocdloptopov tov. O uéypt tdpa tpdémog aviyvevong tov célvov eivor 11 PCR,
puébodog mov amartel  ekmodevpévo  (e€eldikevpévo)  TPOCHOTIKG Kol aKpifo
EPYOOTNPLOKO EEOTAICUO, EVD 1 OvAALON TEPLOPILETAL ALOTNPE CTOV EPYACTNPIOKO

YDPO.

210%0¢ TG epyaciog NTav M avantvén o avocoeviupukng pebddov aviyvevong
céhvov. Eivor yvootd and ™ Piproypagioc 60t1 610 0éAvo vrdpyovv didpopa
aALepYlOYOVOL poplo, €va €K TV omoimv amotelel n mpwteiv Api g 1, n onoia
Bpioketon e mocootd 20 % 610 GUVOLD TOV TPOTEIVOV GTO GEAIVO KOl VILAPYEL GE
dvo 1oopopeég, v Api g 1.01lkar v Api g 1.02.H npwteivn avth mopdydnke
Boktnplokd and ecoywyn mloaocpdiov oto yovidioua tov E.coli pe oxomd va
xpMnoonombei oto TEPALOTOL.

e éva TPpMTO GYNU ovocomombnkay dmdeka Kovvéla. Xpnoomomdnkay céAvo,
TPOTEIVIKO EKYOAIGHO OTT0 GEAMVO, avaoLvovacuévn Tpmteivy Api g 1kal éva uiypo
névte menTdiov (OAa TpUMUATe amd TV TPpOTEIVIKT akolovbio g Api g 1.01)ywo v
avocomoinomn Tov (dov. X &va dALo 0e0TEPO GYNUO 0LVOGOTOINGNG, TEGGEPA GAAM
Kovvéla epfoidotnkay to kabéva pe éva dlapopeTikd mentidlo. Ta dVvo memtidw
QIOTEAOVGOV TUALO amd TNV TPOTEIVIKY akolovbio tng Api g 1.01kot ta dAlo 600
amd Vv wopopery Api g 1.02.Xe avtd to  téooepa (ma, ta udplo Yoo TV
avVOGOTOoiNo™ NTOV HIKPA OAAG ETAEYUEVE, £TGL DOTE 1) TPOTEIVIKY 0KOAOVOio Vo unv
TaPoLGLALEL OLOAOYIEG e TPMTEIVEG AAL®Y GLYYEVIKAOV TPOG TO GEALVO QUTMOV.

Epyaotplokd ypnopomrombnke pior 6THAN KoBapiopoh avocosuYYEVELNS TAVED TNV
0Toi0L TOV OKIVNTOTTOMUEVT] 1] avaoLVOVAGUEV TpwTeivy ApPi g 1. Tkomdg fTav M
OTOUOVOGT] OVTICOUATOV KOVAOV VO EVOVOVTOL E€0IKA KOl CUYKEKPIUEVO WE TNV
aAlepyloyovo mpoteivn. Otav efetdotniav og teot Indirect-ELISA kot katdémy e
Western Blotyywo vo. mpocdiopiotel i tkavotnTa ToVg vo. evewbovy pe 10 TpmTEIVIKO
ekyOMGpo TG ceAvopllog Kot pe T avacvvdvaouévn tpmteivny Api g 1 avtictoya,
€oelEav  emtuyn évoon pe TNV aAlepyloyova mpwteivr. Ta avticopoato £doei&ov
vyNnAd Babud kabapomrag. Anod ™ BipAoypaeio ivar yvootd 6t n tpmteivny Api g
1 otnv niextpo@dpnon Tapovotaletat 6to deiktn poprokod Papovg tov 15 kDa.Xta
Western Blottest mapatnpndnke avt n mpoTEIVN 6TO XOPAKTNPIGTIKO VYOS TNG
TNYTNG, YEYOVOC TOL HOG EMITPEMEL VO GLUTEPAVOLUE OTL 1 IKOVOTNTO TOV
OVTICOUATOV VO EVOVOVTOL e TN GEAVOPLa OQEIAETOL GE GUYKEKPIUEVT] EVOOT LE
™mv aArepyloyova tpoteiv Api g 1. Ta aviiodpato to omoio £de1&ov T peyoldTep)
tdon €voong emAéyOnkav Yo vo ypnowyomoinfodv o UETEMETA  TEPAUATO
Sandwich-ELISAwn¢ entonuacpuévo Tpdto avticmpa.



Q¢ devtepo emonuoouévo avticopo oto Sandwich-ELISAemidéybnke éva aviicopa,
(antiApil-ZBiotin) to omoio amoktNOnKe OTOV 0pOG amd T0 (MO TO OMOi0 E&iye
avoconomBei pe mentioo(aal2l-140)unua and v Api g 1.01lnépace péco amod
OTNAN AVOGOCLYYEVELNG KOt OTN GuvéEYel culevtnke pe Protivn £tol dote va gival
€0OKOAN M aviyvevon Tov.

[Mpwv avomtuybei 10 ovotnua Sandwich-ELISA éywav  mepduata  dote vo
eCakplPobel av 10 ovykekpévo avticopo (antiApil-2Biotin) deiyver mpotiunon
Evong UE TO GEAMVO 1 OV EVOVETOL KOl PE TPOTEIVEG GAADV QUTOV UE TOPOUOLN
TPOTEIVIKN akoAovbia. Otav ioeg mocdNTEG GEAVOPILOG, KOpOTOL Kol HATVTOVOD
ypnowomombnkay v va  eaxkpiPwbel 1 ocvumepPopd TOL  CLYKEKPUEVOL
AVTICOUOTOG, OVTO EMEGEIEE IKOVOTNTO VO EVAOVETAL EWOIKE e TN GEAVOpla Kot Oyt e
TO KOPOTO KOl TO HOIVTOVO.

¥to Sandwich-ELISAteot mov akohlobOnoe, 10 mopondve avticopa £d€i&e vo
EVOVETOL TOAD KOAG LE TN avacvuvovaouévn tpoteivn Api g 1,dev katdpepe OU®S vo.
epapuootel ot nepintmon tov Api g 1 6t QUOIKN TOL HOPET) WG GLOTUTIKOD TG
oelvopilag, yeyovog to omoio pmopel vo opeiletal otnV avaditAwmon e TPpOTEIVNG
péoa otn celvopila.

Epbécov kdto amd avtég Tig cuvOnKeg éva TETOI0 GUOTNUO 08V NTAV EPIKTO, £YIVE
npoomdfeln va eEaxpipwbel n epappoyn tov avticopatog antiApil-2Biotin ce
Indirect-ELISA teot. X puo mpoomddeio, Tpoosyyiong g TPoyUaTikOTnToS OTov TO
célvo PBploketon povéyo oe fyvn LEGA GTO TPOPULO EVM TO KOPOTO GE UEYOADTEPES
OVLYKEVIPMOOELS, ypnowonomdnkoav oe  dokwn Indirect-ELISA  dexamAidoieg
OGLYKEVIPAOGELS KapATOL Kot poivtavoy. Ta amotedéopato €6ei&av OTL dev MTOV
EQIKTN M OIKPION, OTOTE 1 XPNON TOV AVTICMOUATOS £ival Teploptopévn. Mmopel va
ypnowonombel ce TPOEUO TOL OC YVOOTO Oev TEPEYOLV KaPOTO, OMW®SG Yo
ToPAdEYIa Lapvadeg Yo kpéag. Emiong por dAAn mbovn epappoyn tov, Ba nrav yo
ToV éAEYY0 KABOPIGHOL o€ HOVADES TPOPit®mVY Tov enesepyalovtal célvo. Metd amd
éva, cotO KaBapIoUd, ota vepd amoppong oev Ba Tpémel va avyyvevovtol tyvn ovte
and céAvo 00TE amd KapoTo.

e po Tpoomdoelo TopaAafg GAADV AVIICOUATOV IKOVOV VO, PN CLoTom ooy yio
™V avamtuén evog cuothiuotog faciiopevo oto Sandwich-ELISArtpdtumo, opoi tov
{owv mov eiyav ovocomombel katd tov GEAvov, TEpacav HECH OmOd GTHAN
KoOopPIoHoD  EVEPYOTOMUEVIS CEPAUPOING EVOUEVIG HE TPOTEIVIKO EKYVAGUA
6€AVoV. KOOGS NTOV 1) ATOUOVOGT] AVIICOUATOV pe gvonctncio Evaong dkd pe o
oélvo. Ta aviioopoto avtd oe teot Indirect-ELISA ko Western BlotédeiEav va
evavovToL Yo pig Wtaitepn EMAEKTIKOTNTO, IE TOAAES TPOTEIVES TNG GEAVOPILOG OALY
KOl TOL KOPOTOV.

210 péAdov Ba mpémet va eEgtaotel mwg Oa kotaotpwbel éva ELISA cvomua yio va
ocoumAnpwbet to NN VIApYOv cvotnua. Evdeyouévog mpénetl yivouv emmpocheteg
avocomowmoels. Ilpémel va gvpebodv pukpd mentidln yio TV avosomoinon, ta omroio
dgv epapprolovy oporoyies e dALeg TPOTEIVEG PLTAOV Kot T omoia eivar otabepd ot
Bepuoxpacio £To1 ®OTE Voo UmopovV vo ypnoipomombovv kot 6e BeppokpacioKd
eneEepyoopéva tpoguua. [HapdAinia mpéner va peketnBel m avocomoinon GAAw®V



Lowv, Oyl kovvelM®V, To. omoio. avTOpPoLY oTN GeAvopila pe peyardTepo aptBpud
AVTICOUATOV.

Aé€Eerg Kheld1d
Api g 1 ,celery, food allergy, directive 2007/68/HGod labeling, celery allergy,

detection of allergy, carrot, immunoblot, immunagigion, Politis Annayeomovikn
oyxo Adnvav, Tunua tpoeinmv, aAlepyloyova, GEAVO, avosoroyikn néBodog ,
aviyvevon céhvov, [Toditov Avva.



1. Introduction

1.1.Definition of allergy

Allergy is a specific reaction of the body’s immuwystem to a substance that would
normally be thought of as harmless. It is not dufai of the immune system, but
rather an over activity. The substance that is aesible for the allergy is called
allergen. The response of an allergic person tall@ngen can cause a wide range of
symptoms. Many people suffer because of such metiThe incidence of allergies
is worldwide increasing, especially in the devebbpsountries. Climate change,
exposure to air pollutant and migration from onerdoy to another which has the
consequence of contact with new allergens, new dmt housing conditions, are
reasons of the increasing allergy incideliteGenetic, environment and lifestyle
factors interact with each other and influence ey allergies are geographical
spread’® Estimated 20-50% of the population is affedtdavery problematic is the
increase in children, who bear the largest burdernhe rising trend which has
occurred over the last twenty yedrs.

1.1.1 Immunological reasons for allergies

White blood cells or leucocytes are cells of thenume system involved in defending

the body against foreign materials and infectioisease, yet there are several
different types of leucocytes. All have many thimggommon but they are distinct in

form and function. Figure 1.1 shows how the whiteot cells can be categorized.

Lymphocyte blood cells work with body’s chemicats destroy specific antigens
(foreign particles). The blood has three types/ofdhocytes:

e B-cells which are responsible for the productionaotibodies that bind to
pathogens and destruct them. Upon an antigen lgrtdira B-Cell's receptor
they proliferate and secrete a free form of theseptors (antibodies).

e Natural killer cells (NK) which kill cells infectetly a virus or cells that have
become cancerous.

e T-Cells which are divided into two subclasses:

1. T-Helper-Cells (). When they get activated they divide rapidly and
secret proteins (cytokines) that activate the imensystem. There are five
different Ty groups. They secrete different cytokines, so tteay aid in
different kinds of immune responses.

2. Cytotoxic T-Cells. They are also known as CD8atyxic T-Cells
which bind antigens of virus- infected or cells diltithem.

3. Suppressor T-Cells. Their role is to shut dowCell-mediated
immunity at the end of an immune reaction and fopsess auto-reactive
T-Cells, that escaped the procedure of negativexgeh in the thymus.

It is known that allergies result from an imbalamecdhe T-Cell compartment of the
immune-system. Precisely, allergies are accompadnyean increased activity of the
T-Helper2 (12) cells relative to T-Helperl (L) cells, giving rise to an increased
production of IgE (Immunoglobulin). IgE specificrfan allergen is not normally
detected in the blood but in the case when a pdreoames sensitized to a substance.

10



Substances causing an allergy (allergen) prodspeeific IgE that is unique and will
only react with it. The reaction is like lock andyk The combination of IgEs with
their corresponding allergen is responsible foretease of chemicals such as

histamines which cause the allergic symptoms. A@ercan have a specific IgE to
more than one substance and therefore be allergiote than one substance.

White blood cells

| P
*Neutrophil

*Basophil y
/’T""x.._
- -
p I ~
/ | o
e | NK Celis
P
v
B-L hocyt
T Dmphoorte
g/"'". .. = | T-Suppressor Cell
AN
Helper T- Cell N
T \\\,\;

CD8+T-cell

Y \
[ )

Fig.1.1: Schemati representation of the classification of bloods

The allergic reaction can be divided in differetdages. During the primary contact
phase, immature B-Cells are transformed into plasetia through a complex series
of processes. At the same time antibodies, IgEpevduced. They attach themselves
onto mast cells as Fig.1.2 shows. Mast cells aseid based cells that have an affinity
for blood vessels. When the antigen enters the labdy second time the “antibody

armed” mast cells recognize the specific antigeeirtreceptor is cross linked by the
antigen and they get activated causing allergictieas.

- The first time a allergy

® prone PErson FUNS ACTOsS an
1. Contact

: : allergen
! 2. Contact I v X
- - A ab T Person makes large amounts
- NEsECH s @ of IgE antibodies which
; Pissma  2ftach themselves onto mast
A The second time the person
Y Y Y - m comes in contact with the
Y igeantikorper - Mast-Cell | Mosts aniizen
: v : e * A A

the IgE primed mast cells
roloase granules and powerful
chamical madiators, such as
&  histamine and cytokines, into
Y Chamicals the anvironmant.

Differentiation

R o

: ' Mast-Cell '
Allergic l These chemical mediators

~ reaction cause the characteristic
el Jeaction | amasiin oy

Fig. 1.2: The procedure of allergic reaction
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B-Cells are transformed into memory cells having ability to respond quickly when
the antigen enters the body for the second time.artibody production can be either
primary, occurring at the first exposure to an gemni and is called sensitization, or
secondary, after exposure to the same or simikzgeanat a later date.

1.2 Food allergenicity

Some foods are specifically linked to allergic teats. According to WAO (World
Allergy Organization) in 2011 globally 220 — 520llion people suffered from food
allergy. In the European population 11-26 millioeople are affected” Children
continue to be the most affected part of the pdmraThe highest incidence occurs
during their first year of life. Children are senhg& to minute amounts of allergen so
that attention must be paid to food contaminatidfeny infants hopefully stop the
clinical reaction to food as they become toddl#rss reported that 90% of infants
allergic to cow’s milk and 50% of infants allerd@ egg could tolerate these at the
end of their third year. On the other hand 80 %pafients allergic to peanuts or
codfish never got rid of the allergy. So it is nesary at periodical intervals to re-
evaluate the avoidance strategies one might havetsted.

Nevertheless a food allergy has an important secamiomic impact. It influences the
quality of people’s life, reduces self-esteem amlgikits family activities. Children
cannot eat from school canteens, vacation ovelisea®stly rejected. Economical,
the medical treatment of the patients costs m#li@f Euros. Hidden costs occur
through product recalls and because of expensilergah management systems
needed at the food manufactory.

For all these reasons to prevent and treat allergéctions to food is a major
challenge. Although worldwide there is an increeassymptoms of asthma, allergic
rhinconjuctivitis and eczema in childhood, there ne information about the
prevalence of food allergy over the time so asstimate how the tendency will be.
This is due to the lack of reports’

1.2.1 Factors that influence the distribution afdallergies

Some parameters influence the distribution of falbergenicity.

e Kinds of food

Food differs in its allergenic potential. Some fdus larger intrinsic capacity
to induce allergic sensitization than others. Hadjergenic foods are peanuts,
shrimps and sesame seeds. On the contrary potateasn high consumption
levels don't induce allergy.

e Consumption factor

This factor has two levels:

o The eating habits.

o The protein allergen level of the particular food.

In the region where a certain food is very oftemstoned, there is a high
possibility of allergy. Fish allergy is more commdo Norway. The

12



relationship dose-response for the developmenllerigg for a specific food is

unknown. It is sure that a certain amount of consion is necessary for the
development of the allergy. If the dose-responseecis linear, exponential or
whether it levels out after a particular level apesure is unknown. Some
proteins are in large quantities in food. Statadhc these proteins have a
greater chance of becoming allergens, than protemisare present in small
guantities.

e Food processing

Processing may alter the allergenicity. Accordimg ldcal traditions and
cultural factors some foods are differently cookegrocessed which leads to
different levels of allergens because of degradato creation. This is
particularly true for peanuts which are either dra roasted in the western
hemisphere ahead of consumption, in China on ther dtand, they are mostly
fried and then contain less allergens.

e Cofactors

o People with infections or people with pollen expesare more sensitive
and may have a higher allergen uptake.

o Thunderstorms during pollen season may hydratpdhen grains and their
fragmentation. Atmospheric biological aerosols dmailt which carry
allergens and can easily proceed into the patidioiky!™!

o Physical exercise, alcohol, and non-steroid anaimgnatory drugs advance
allergenicity.

o Veryimportant is the "matrix effect”. It has beshown that the fat content
of the food has a basic role in the allergenicltge material surrounding
the allergen in foods may influence whether oramgllergic response will
be developed, how strong it will be and how fastwill develop.
Consequently, the dish eaten and food habits nfayeimce to some extent
that an allergen will trigger a reaction. A NorwegiNational Reporting
System found out that food allergy is more commorwbomen and the
female to male ratio is 3:2 at food allergies. Explanation is possibly the
physiological differences and health seeking bedvadi**.

1.2.2 Food Allergens

Food allergen refers to both, the whole food ampex and to the chemically
defined compounds which are responsible for all@gy. Mostly these compounds
are proteins. They are natural substances witlowsbiological properties. They can
be storage- proteins, metabolic, protective, trartsproteins, regulatory proteins or
enzymatically active (enzyme inhibitors, carbohyes proteases). They mostly have
a globular compact structure, stabilised by hydnogied disulphide bonds.

Often, after post translational modification, thgat glycosylated. The 3-D structure
and glycosylation are factors which contribute tte stability of the protein, related
sometimes with allergenicity. Nevertheless alsaldaproteins, with loose structure,
sensitive to degradation through protease, may lleegans. Most of the protein
allergens are stable to processing and resistasigastive enzymes. Allergenicity is
never due to one single protein rather many diffepeoteins in the food contribute to
the symptom. Of course not all of them are recagphiay all patients allergic to this
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food. These which are recognised by more than 50%eopopulation are the major
allergens. This characterisation relates only éftequency of recognition by the IgE
and doesn't relate to the severity of the clinfoahifestations of an allergic reaction.
Triggered by major or minor allergens the clinicgdctions may be similar.

In every single protein there are many moleculamimoreactive structures, called
epitopes onto which the IgEs bind. The epitopescareelated with the allergenicity
and are widely spread within the protein moleculgitope mapping is the
characterization of all the epitopes into the protstructure. Depending on their
structure, sequential and conformational epitopes @esent in food allergens.
Conformational epitopes are associated to the skecgrand tertiary structure of the
protein allergen. They are mostly affecting B-Cef&ich epitopes once the protein
gets denatured they become modified or even destrofhe sequential epitopes are
linear. They are formed on the peptide chain ofalergic protein by a sequence of
amino acid residué They are mostly recognized by T-Cells. It has bafeown that
there is a particular significance of some epitopbiEh depend on their structure and
location within the protein. Short linear epitopeghich may be located in
hydrophobic parts of the protein can be used akensiof persistent food allergy!
This may provide information guersistence and severity of clinical reactions.

Sometimes cross reactions between allergens isbpgmsgood and pollen or food
with other food can cross react. An example istbpollen and hazelnut. This makes
the situation very complex. Such cross reactiorsdae to proteins that have similar
sequence homology and/or structural features ommamepitopes. These sequences
are mostly highly conserved and are translatednfmortant biological activities and
functions, vital for the plant”

1.2.3 Symptoms

Allergic reactions can occur after ingestion, imtti@n or contact with foods. A two-
step process is required for an allergic reactoiake place:

1) First, the capacity must be established to nedpmith an allergic reaction when
exposed to the particular allergen. This requiregranune response to take place, at
which the immune system answers with IgE antibaagpction against the allergen.
This is the so called induction phase, or sensitina

2) Once an individual has become sensitized toracpkar allergen, the individual
can develop a symptomatic allergic reaction wheairagxposed to the allergen in
question. This is called the provocation or trigggphase™”’

A reaction to food can cause clinical symptomstesv in Fig.1.3°.They can be
categorized in:

a) immune-mediated reactions (IgE med) to foodsiated either by IgE antibodies
or other immunological pathways reactions. The fgmg occur immediately or
within 1-2 hours after ingestion then the situati®described as food allergy.

b) Non-immune mediated responses (non-IgE med) ahatdependent on enzyme
deficiencies, pharmacological reactions, or unknawechanisms. These reactions
occur later. They are described as food intoler&fi€e!

14



Adverse reactions to food

Immune mediated Non-immune mediated
(food allergy) (food intolerance)
l |
IgE-mediated | [Non-IgE-mediated Enzymatic Pharmacological Others a}ld
- unknown triggers

Fig: 1.3: Categorization of food reaction symptdths

The associated symptoms are listed in Table 1.1

Table 1.1- Symptoms related with food allefdy

IgE-Mediated Mixed Mon- IgE mediated
IgE and non-IgE

Angiodema Eosinophilic gastroentropathies Protein-losing
enterocpathy
MNausea and vomiting Gastroesophageal reflux Dietary protein
proctocolitis
Rhinoconjunctivitis Colic Heiner syndrome
Laryngeal edema Pulmenary hemosidercsis
Systemic Anaphylaxis Urticaria
Oral allergy syndrome Oralitching and abdominal pain
Diarrhea
Wheeze, Asthma

Atopic dermatitis

People with the Oral Allergy Syndrome (OAS) complabout symptoms of itching,
tingling swelling of the tongue, mouth or throatcarring after eating a food. This
syndrome is associated with pollinosis. 23-47%hefse patients are suffering from
allergy to some kind of pollen. Due to similar cheah structures there is a
relationship of the pollen to the foBH™*

The most severe manifestation of food allergy ispduylaxis. In the USA the
estimation is that every year there are 30.000aylagis episodes, 2.000 have to stay
at hospital and 200 of these occasions dye. Fddreni the mortality is 0.6-5% of
such episodes. Asthma or rhinitis caused by foedtfer unusual*”

1.2.4 Diagnosis of food allergy

The family’s history is a very useful tool at theopedure of food allergy diagnosis. If
one parent is atopic the possibility that the cliégdelops this type of condition is 20-
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40%. When two parents are atopic the possibilityaases at 50-80%. The tests that
are commonly used for the diagnosis of food alesgire:

Skin prick test When there is suspicion about IgE mediated reastito food

according to a diet diary, then skin prick test peeformed. A small amount of the
allergen is placed onto the skin and then introdunt the epidermis by pricking the
skin. After 15 min the reaction is observed. A fgsireaction is shown by the fast
development of localized reddening and swellincj;.geNNe reactions have an
accuracy of 95% while positive reactions only 50468’ In order to get comparable
results the allergen extracts that are being ustitbse tests must be standardiZgd.

RAST. The radioallergosorbent test and other derived inonbemical tests are used to
determine food-specific IgE antibodies. Used areromwvell plastic strips, which have

been coated with the allergen proteins. Serumdgédo the microwell and the bound
IgE antibody is detected using an anti-human Igibady enzyme labeled.

DBPCFS (double blind placebo controlled food challeng&).a hypo allergic basic
nutrition, foods are introduced at one step promednd then the reaction of the allergic
person is observed. By this way the food that catise allergy can be identified. Also
by this way patients can find out many foods thmattermless for them. This procedure
Is expensive and takes time. Also the DBPCFC isesiomes impractical, as there is a
risk of severe reactions!

1.2.5 Treatment

The best treatment is to avoid the food identifeesl allergenic for the patient.
Ingestion, inhalation and skin contact can causersereactions, so every three of the
above must be avoided. Also there must be conceoutapotential exposures to
relevant food allergen®® For some food, heat treatment can alter the @lfesp that
an allergic person can consume the cooked food @vka is allergic to the raw
material*"]

In the past few years some desensitization progdeave been studied so as to create
an active induction of tolerance. Small portionstieé food are introduced into the
allergic person’s diet. The dose is getting largeil the person is taking the normal
portion and is not any more nutritional restrict€de diet has to be followed strictly.
Hyposensibilisation (specific Immunotherapy SIT)biased on the same principle.
The patient is vaccinated in this case with indregg larger doses of an allergen.
The aim is to induce immunologic tolerance. Aftae tdiscovery of the J1/Ty2
subsets, it became clear that specific immunotlyers@ble to restore the relative
imbalance and to correct thepyZ biased response. Subcutaneous injection
immunotherapy SCIT is a modified form of SIT. Thatipnt gets the allergen
subcutaneous. It is a highly cost-effective treatim&trategy which results in an
improvement in patient’s life. Due to a rare sesiside-effect of anaphylaxis, its use
is possible only at specialist centers.

Epidemiological data highlights the involvementnaitro flora of the intestinal in the
development of allergic diseases. Strategies haen lmlesigned so as to involve
“success factors” rather than to exclude risk fexctdhe effect of pro-biotics and pre-
biotic supplementation on the development of ajlésgoeing studied*"
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1.2.6 Legislation

In order to protect themselves, consumers havagheto get information about what
they eat. So as to choose a product without thkeofigdverse reactions, they must be
able to identify the allergen. For food allergicmsamers labelling is a helpful tool.
Large areas in the world lack legislation on foaddling at all. In the USA Food
manufacturers have to list in lain and in commarglaage, if any of the eight major
allergens are present. These are: milk, egg, peteetnut, fish, shellfish, wheat and
soy.

According to the EU-Legislation manufacturers aquired to declare all ingredients
present in pre-packaged foods sold in the EU. §dlarc ingredients that are by law
required to appear on food labels are listed atekrifia of the Directive 2007/68/EC
which is attached as Annex 1 in this work. At 26 vBimber 2007 Directive
2005/26/EC was replaced. Products placed on th&endefore 31 May 2009 in
compliance with the alt Directive can be marketatll uheir stocks are exhausted. In
the Directive the phrase “Products thereof” incladlederived products, originating
from an ingredient included in Annex llla, obtainafier one, or several processing
stages. Allergenic ingredients, as part of carrgroprocessing aids, additives and
solvents are considered ingredients and must lzlglamdicated on the label with a
clear reference to the name of the ingredient frefmnich they originate. The
legislation does not apply to no-intentional crassntamination of foods with
allergenic ingredienté

Responsible for the appearance of this list is Eneopean Food Safety Authority
(EFSA).The legislation is going to be altered wimmw data will appear. So foods
may be added or deleted from the list.

This legislation makes manufacturers develop siraseto be able to detect which
batch might contain allergens and to label it prigpé\lso traceability is a useful tool
so as to recall suspicious batchEise obligation to label every item on the list loé t
Directive arises concern that too many foods camtgionly small amounts of these
allergenic foods are over labeled. Many manufacsireo as to avoid expensive
allergen management systems, label their produitistiae indication “may contain”.
(1 By this way allergic consumers are restricted fitbin consumption of potentially
safe food.

Most of the foods listed at the Annex llla of therdative 2007/68/EC are basic
products with high nutritional value at a healthgtdbut cannot be eaten by allergic
people.?® Some of the food allergies are very widely distténliall throughout
Europe, while others are more geographically retsw. Nevertheless how spread the
allergy is, Directive 2007/68/EC obliges food maauitirer to label all ingredients or
their derivatives that can cause allergic reactmn intolerances to sensitive
consumers. On this list celery is included. Consetly, products with celery as
ingredient, must clearly list it on the lalb&l
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1.3 Celery- Hazard Identification

Apium graveolens is a plant species in the famipiaceaecommonly known as
celery or, depending on whether the stalks or reoés eaten: celery refers to the
former and celeriac to the latter. The plant grovild in the Mediterranean area and
at the Himalayas in Asia. It is also widely cultied. Celery is not only consumed raw
in salads, but is often found in prepacked foods B constituent of sauces and soups
and as spice, dried and powdered, it is used inyrpapcessed foods. Because of its
aromatic flavour it is widely used in the food irstity.

1.3.1 Allergenicity of celery

The fact that ingestion of celery may lead to iatahce reactions in humans, has been
known for almost 70 years. The first case of amrgit reaction to celery root was
observed by Jadassohn and Zaruski in 1926 in ZuNclwadays such reactions are
common especially in Switzerland, Germany and Feaitiey occur predominantly
to raw celery and less frequently to cooked cel€@glery powder can also cause
reactions comparable to these of raw celery. Taguiency of allergy to celery tuber
is higher than to celery stick.

In France about 30% of allergic reactions to fooeElassumed to be caused by celery.
In Switzerland approximately 40% of patients withod allergy are sensitized to
celery root. Not every individual who suffers francelery allergy react to the same
components of that foodstuff.

1.3.2 Clinical Symptoms

Some food allergies induce only mild symptoms. Bllgrgic reactions to celery are
frequently more severelopefully people with sensitization to celery aradrot have
symptoms after digestion of these particular foodl/ in 21% of the cases. (Chi-
squared Test, p =0,0%).While in people with sensitization to apple sympsooccur
in 90% of the cases. The clinical syndromes of dllergy as being analysed at
different studies are listed in Table 1?2.
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Table 1.2: Frequency of reactions after digestiocetery

Symptonms / Ref o] 2 @ (9 ® I
Lanaphylais 19% 15% 2.%% 20% fa
[Shock frazments 10% Do
Cutaneous
{Angio-oedema 9% (1% 149
_k‘omau:t ufticana 17%
Urticaria 10% 7% 17%
[Urticana | Angio-gedema Bi%e B0%
Wrticaria /flush / pruritus D3
Oral allergy syndrome %  Bi%
Gastrointestinal 0% 14%
Drarthea 6.5% 2.9%
#upimmy 40t iy
lAsthma 65% | 8.6% 10%
Dhyspnoe 10% R0%

Sproe | coug 14%
Dysp ch
Rhunitis | conjunctivitis 10% 8.6% 14%

e
o, of patients 51 20 33 20 i 2
(1) celery allerzic patients (clnacal history) i e
(2} patients with celery allergy and concomitant pollen allergy (mugwort, birch) (chinical history) MW mhﬂcﬁ & I;:’m 1984
(3) celery allergic patients (chrdzal history) E; Emﬂ—ll- o
_ uihrish & Dietschi 1983

(4) patiznts (1449 years of age) with celery allerzy (clinical hastory) (4) Paai et 3. 1938
() adults with celery and pollen alleggy (chnscal histery) (%) Jankiewicz et ol 1998
{6) after DEBPCEC i celery allergic patients (13-33 years of 2ge) (6) Ballmer-Weber et al 2000

Anaphylaxis is the most severe manifestation oérgebllergy. It typically presents
itself along with many different symptoms within anerage onset of 2 hours.

1.3.3 Dose

A very important point is to determine the minimuwlerable celery dose that
sensitized patients. This varies from parts of grigmto gram levels. There is no
sufficient data to determine a safe threshold dasesensitized individuals there is a
high variability in sensitivity about the amount allergens required to trigger an
adverse reactiof?’

At one study from Ballmer-Webet al.(2000) patients with the history of an allergic
reaction to celery were examined to raw celerykedocelery and celery spice by
DBPCFC. There were no patients complaining of giteio cooked celery without
symptoms to the raw. This indicates that new allesgare not created by the heating
process, and that residual activity of the natigkery allergens is responsible for the
allergenic activity of the cooked vegetable. Thautes are shown at Table 13,
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Table 1.3: Symptoms of patients examined by DBP@&Caw, cooked and spice
celery.

Celery raw Celery cooked Celery spice

Patient number- Symptom history  Symptoms DBPCFC Dose Symptoms DBPCFC Dose  Symptoms DBPCFC Dose

1 0AS 0OAS 07 OAS 09 0AS 0186
2 UAERCD - - OAS 18 - -
3 DAS DAS 0.7 OAS 09 - -
4 DAS DAS 0.7 OAS 18 OASRF 016
5 DAS - - OAS 09 - -
G R,C.D,GIT 0ASDRC 0.7 FRCD 345 - -
7 DA3U FV 28.5 neg - - -
] F.GIT AE 28.5 neg - F.AE,GIT 5.85
9 DAS DAS 0.7 neg - - -
10 DAS DAS 0.7 neg - OASR,CAE 032
h U.GIT DAS 0.7 neg - - -
12 0AS AE 285 - 0AS 0186

OAS: oral allergy syndrome; U: urticaria; AE: amdgena; R: rhinitis; C:
conjunctivitis; D: dyspnea; GIT: gastrointestinghgptoms; F: flush; V: vertigo, P:
pruritus; neg: no symptoms

1.3.4 Identified celery allergens

(30]

The identified allergens in celery are listed abl€al.4"™ . Each of them belong to

different protein families

Table 1.4: Allergens in celery

Apium graveolens (Celery)

Apigi Eathngenesis—related protein, 15 Yes 32:‘150?—%;29 gg?ﬂﬂu—:ﬂnﬂn—ﬂﬂ

Apig2 tNysg-fpeciﬂcIipid-transferprotein. 9 kDa Yes 3;‘150?-:05&;—29 Sg1211-004g13

SEERIpLAI Yes osres | 000000

fmas | potin 0 o Moo 00000

Apig5 | FAD-containing oxidase 58 Yes 33;150{%4;29 gg:uﬂnn-:%%-un

Apigé tNysg—;peciﬂclipidtransferpmtein 7 kDa Yes Sg?}ﬂtﬂ ggj:;:l:gﬂ
1.34.1Apig1l

The major allergen in celery is the Api g 1. Angthame of it is Api g 1.01.
Its molecular weight is 16 kDa and it representsual20% of total soluble proteins in
celery tubef? .It is recognized by 59-80% of celery allergic pats. This protein
has an isoform, the Api g 1.02. It is heat labihel @ssociated with pollinosis (birch
pollen). It belongs to the BetVI family. It is athagenesis related protein. Such
proteins are induced in several plant species gpoirtonmental stress, when infected
by viruses, viroids, fungi or bacteffd. They form a barrier against pathogens by
gathering at infection sites and act to decreaseeguibility of plants. They may have
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anti-fungal or anti-bacterial activity. Api g 1.Gdn immunoblot exhibits a stronger

IgE-binding capacity compared to Api g 1.6%! One important known IgE binding

epitope is the P-loop region, which is at the anmaea area between 46-52 in the
Api g 1 protein structurd*” The Table 1.5 shows its code at the Databanks GénBa
Nucleotide and UniProt. Its secondary protein d$tmec is shown at Fig.1.4 and

precisely at Annex 3. Also its protein sequencelsafound in Annex 2.

Table 1.5: Identification code of Api g 1 and #s4form in the databanks

Isoallergen and variants GenBank Nucleotide M|

Apig1.0101 P49372

Apig1.0201 ZT5662 P92918

scor (I Major Al ergenfapifgiE 2 EK0a)

W VW vV W VW vV
mBMGVQTHVLELTSSVSAEKIFQGFVIDVDTVLPKAAPGAYKSVEIKGDGGPGTLKIITLPD
FOE 3 10 20 30 a0 50 60

D5SP  —

scop A Maj orAlETgenApil oI E2ZHK0a1)

pssP 7~ _ N

FOEGGP I TTMTLRIDGVNKEALTFDYSVIDGDILLGFIES | ENHVVLVPTADGGS ICKTTAIF
FOEgy 70 50 90 100 110 120

scop IMaAjorANETgenapigld ZbK0a )

W W W W VWV VW VW VWV VvV VvV v VvV
POEHTKGDAVVPEEN IKYANEQNTALFKALEAYL I AN
PDE 5, 130 140 150 154

Fig.1.4: Secondary protein structure of Adi (helices, beta sheets]

1.3.4.2 Apig 2

Api g 2 represents a relevant celery stalk allengethe lipid transfer protein family.
It belongs to the group of monomeric proteins (ab@-9 kDa). They are frequent
and potentially severe allergeli8. They havemostly a compact 3D structure, they
get glycosylated, factors that contribute to thetgin's stability which is related to
allergenicity !

Lipid transfer proteins (LTPs) are named afterrtadility to transfer phospholipids
between vesicles and membran&é These protein-allergens, among them the
Api g 2, are often found in herbs and spice mif8sThermal denaturation does not
affect the binding capacity of Api %F% to IgE. Alsipi g 2 shows highly resistance to
simulated gastrointestinal digestiort. In the following Tablel.6 its code at the
GenBank Nucleotide is shown. In Annex 4 its prosquence is illustrated.

Table 1.6: Identification code of Api g 2 in ther@@ank Nucleotide Databank

Isoallergen and variants GenBank Nucleotide MI

Apig2.0101 FJ643539
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1.3.4.3 Apig 3

Another allergenic protein is the Api g 3. It ischlorophyll-binding protein but its
relevance is still unclear. Its molecular weight28, 1 kDa.' Its code in the
databanks is shown at Table 1.7 and its proteinesezg at Annex 4.

Table 1.7: Identification code of Api g 3 in thetalaanks

Isoallergen and variants GenBank Nucleotide m

Apig 3.0101 £75663 P82919

1.34.4 Apig4

Api g 4 is a minor allergen and temperature statsemolecular weight is 15 kD4d.
Api g 4 is a Profilin that belongs to a ubiquitdasily of actin phosphatidylinositol
4, 5-bisphosphate-binding proteins. They play a kadg in cell motility form the
outer cell membrane to the inner cell through tbgufation of actin microfilament
polymerization dynamics. In plant cells they arsoalnvolved in processes like
growth of pollen tubes and root hairs. Becauseheirtinvolvement in essential
cellular processes, profilins can be found in afamisms and that is why they are
considered as pan-allergens. They are responsibke Ibt of cross reactions between
inhalant and nutritive allergen sourcgd.

Because of its cross reactivity it is important patients with a birch-mugwort-celery
sensitization” Table 1.8 shows its code at the GenBank-Nucleaidé UniPort
databank and Annex 4 its protein sequence.

Table 1.8: Identification code of Api g 4 at thaatsanks

Isoallergen and variants GenBank Nucleotide MI

Api g 4.0101 AF129423 Q9XF37

1.3.45Apig5

The glycoprotein Api g 5, with two isoforms, (53daf7 kDa large), shows homology
to FAD (flavin adenine dinucleotide) containing @ases. The allergenicity of Api
g 5 depends on N-glycans containing xylose anddeigesidues, (the glycosylation
level) and does not depend on the protein sequéit@he allergen Api g 5 is cross
reactive to birch pollen and mugwort pollen. It irsvolved in stress response
mechanisms. This protein is stable to temperatarpatient-studies, Api g 5 showed
IgE-reactivity in 55% of the casés” Table 1.9 shows its code in UniProt databank
and Annex 4 its protein sequence.

Table 1.9: Identification code of Api g 5 at theatemnks

Isoallergen and variants GenBank Nucleotide m

Apig5.0101 P81943
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1.3.4.6 Apig 6

About Api g 6 very few is known. Its code at theiRrot databank is shown above at
Table 1.10.

Tablel1.10: Identification code of Api g 6 at the databe

Apig6.0101 P86809 (to be released upon publication)

1.3.5 Cross reactivity

The allergens of celery belong to protein famikgth homology in many fruits and
vegetables well known to cross-reactivity! That is whysome of the patients allergic
to celery, also exhibit identical reactions aftegestion of other plant-foods belonging
to the taxonomic familieRosaceagapple, pear, cherry, peaciApiaceagcarrot) and
Solanaceagtomato, potato}’’

The allergens of celery also show similarity to sopollen allergens. Allergy to

celery root is highly associated with birch and mag pollen sensitization. That is

why terms like “birch-mugwort-celery syndrome” oc€lery-carrot-mugwort-spice

syndrome” are common. There is evidence that hiallen and celery allergy are
highly related in Central Europe, while celery ajlerelated to carrot, spices and to
mugwort pollen is more frequently in Southern Ewamd is known as “celery-

carrot-mugwort-spice syndromé®?

The serological IgE cross-reactivity with celerydsge to at least three classes of

allergenic proteins:

e Apig 1, homologous to the major birch pollen ajkem (Bet v 1) and to fruits and
vegetables (Apple and carrot). These proteins a@vk to be strongly up-
regulated in plants by pathogens.

e Api g 4, the celery 15 kDa profilin is associateahwbirch mugwort cross
reactivity.

e Apig ?th]he 53/57 kDa glycoprotein cross reacthwvairch pollen and mugwort
pollen

New studies has proven that IgE antibodies spefafidpi g 2 also cross-react with

peach and mugwort pollefy?

1.3.5.1 Api g 1.01 similarities with other foodeafiens

The similarities of Api g 1.01 with other food afyen and the protein sequence
homology of the most common of them is shown ateXnb.

1.3.5.2 Api g 1.02 similarities with other foodeafiens

The similarities of Api g 1.02 isoform with otheodd allergen and the protein
sequence homology of the most common of them i&stad Annex 6.
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1.3.5.3 Api g 3 similarities with other food allertgs

The similarities of Api g 3 with other food allergeand the protein sequence
homology of the most common of them, is shown atedn7

1.3.5.4 Api g 4 similarities with other food allerys

The similarities of Api g 4 with other food allemgeand the protein sequence
homology of the most common of them, is shown ateXn8.

1.3.5.5 Api g 5 similarities with other food allergs
About the similarities of Api g 5 with other footlexgen, only few is known and it is

shown at Annex 9.

1.4 Detection of allergens in food

The food industry is aware of the fact that celepnsumption can cause many
problems to allergic people and is trying to offetery-free products. This attempt is
not easy once it is common in the food manufactoryse the same pipes for more
than one product. Celery free products and prodinzs include celery have very
often been processed by the same equipment. Thetien cannot guarantee celery
absence. There is the need for a test which amalyamples and can distinguish
whether or not small concentrations of celery aes@nt. Many testing-systems are
in use and commercially available to help food nfacturer screen their raw ware
and the production lines for unforeseen ingredieatsss-over. Basic problems that
remain by the detection of allergens are their teiramount in food, the difficulty in
extracting them, cross-reactivity, matrix effeatsl dhe fact that food- processing may
denature protein allergens so that a test thatokas developed for native proteins
may not work for processed food. A good analytrnathod must be based on defined
reference material and a reliable standard curtemust fulfill the criteria of
sensitivity, specificity, reproducibility, precigicand accuracy. The methods used for
detection are listed at Table 1.f1.

Table 1.1F": Methods to detect allergens.

Physicochemical methods Immunological methods
Kjeldahl nitrogen Immunodiffusion
Nephelometry, high performance liquid | Counterelectrophoresis
chromatography (HPLC) Radioimmunoassay
Mass spectrometry Enzyme-linked immunosorbent assay (ELISA)
Capillary electrophoresis Radioallergosorbent inhibition
PCR for allergen-specific DNA Immunoblotting

PCR = polymerase chain reaction

The most frequently used detection technique isSBLI LFA and Dipstick Tests are
modified versions of ELISA. They satisfy the neddcbeap, portable, reliable and
user friendly tests. Using strip test readers, tfieation is possible. These tests are
immunochromatographic tests, with a mobile phasg¢ #llows movement of the
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allergen-antibody complex and/or the sample alortg@sa strip. For LFAs using a
Sandwich-ELISA an allergen-specific detection andfy deposited on the
membrane, is solubilised upon introduction of ailigsample and moves along with
the sample until it reaches where the capture adiyithas been immobilized. At that
point the allergen-antibody complex is trapped. Wiige allergen is present, color
development is taking place. The result can beimédain 3-15 min. Dipstick tests on
the other hand don’t have a mobile phase. Heraaubation time is needed. Most of
these tests are based on Sandwich-ELISA. The rezalbe obtained into 10 min till
3 hours®!

Sometimes DNA-based methods are used. Also ELISARER can been combined
to detect food allergens with high sensitivity. DNbAsed methods for detecting
allergens have emerged as an alternative whentigfegrotein-based methods are
not available. They have high accuracy and seitgitand can be used when the
proceeding conditions are harsh. The disadvantggleat in some food the DNA is
degraded, which leads to false positive signalsoAhe matrix of the food may
reduce the efficiency of DNA amplification. In coarson to immunological protein
detection systems, the DNA based method is morepkeoated and requires more
equipment. For routine detection they are therefomgractical. Three DNA-based
approaches are available to detect food allergens.

¢ PCR with gel-Electrophoresis

At this method the DNA must be extracted from tbed, and then with help of
primers, specific DNA fragments get amplified. Tamplified product is loaded to
run agarose gel electrophoresis. This method id fmoqualitative detection.

e PCR combined with ELISA

The DNA that encodes for the allergen is amplifigthelp of specific primers. Then
the amplified PCR product is immobilized onto a miplate, the double strand is
being denaturized, hybridized and finally detectismpossible by an antibody that is
enzyme conjugated.

e Real time PCR

This method makes both detection and quantificgtiessible. The amplified DNA is
detected as the reaction progresses. The deteaftiproducts is possible by help of
non specific fluorescent dyes that intercalate vaitty double-stranded DNA or by
sequence-specific DNA probes consisting of oligdeotides that are labeled with a
fluorescent reporter. This reporter permits detect™ %

1.4.1 Detection of celery in food

For the detection of celery in food a number of DN&#sed methods have been
published and commercialized. As mentioned betbesse methods are for laboratory
use, expensive equipment is needed and also educataff. Therefore
immunochemical methods for the quantification decgallergens in foods would be
much easier but not available at the monféfit!. Many efforts to that direction have
been made in the past. At the latest publishedmate™® ¢! 2010 and 2011
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respectively the developed Sandwich-ELISA crosstesh with carrot and potato.
Therefore, it was the purpose of this study to tgve stable system that would
detect traces of celery in foods and help food rfenturer at their attempt to offer
celery free products to people who suffer from igesdlergy.

To the current and sensitive topic of food allenggny additional improvements must
be done. The importance of the problem is not wetbgnized even in developed
countries. Other than an easy detecting methoedesorg and diagnosis of food
allergy must be implemented. Clinicians must getereducation so as to recognize
possible celery allergy symptoms. Epidemiologicaltad is required so as to
understand better the food allergy. The medicalmanity very often does not treat
adequately patients with food anaphylaxis. Pedstrshould know the special
nutritional needs of children with food allergy amdvice them individually™"
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2. Objectives of the study

The objective of this study was to characterizeibadies gained from the
immunization of rabbits regarding their abilityliond to celery and the major allergen
protein in celery, the Api g 1. The applicationtbése antibodies in the development
of a stable, sensitive, specific prototype systesed on an ELISA test, suitable to
detect traces of celery in food and its possiblaroercialisation was the final goal of
this project.

For this reason, various preparations were givesixXteen rabbits in order to elicit

respond of their immune system. Celeriac crudesrizal protein extract, recombinant
protein Api g 1.01, a mixture of five peptides betprotein sequence of Api g 1, as
well as four different peptides of the Api g 1 miotskeleton, were used to immunize
the rabbits. The crude sera-antibodies and secaiéyantibodies received after
immunoaffinity purification, were examined in Indat-ELISA tests regarding their

ability to bind with celery protein and recombingbtein Api g 1. The ones that
showed high binding ability were selected and frrtexamined at Sandwich-ELISA

tests as this kind of system is more stable andistolior the development of

commercialized kits. The cross reactivity of thesdibodies with other allergen

proteins, similar to celery plants, like carrot apdrsley was tested in order to
examine the binding specifity of the antibodies.
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3. Materialsand methods

For this work the following materials and method=srevused:

3.1Buffers

Nr.1 Protein-Extr action-Buffer

Tris 0,174 M

SDS 0,0173 M

DTT 0,129 M

Addition of 150 ml Glycerin 87% then fill up to Mith ddH:0.

Nr.2 ELISA Buffers

Nr.2a: PBS-(coating Buffer)
Potasiumchlorid 2,7mM
Di-Sodiumhydrogenphosphat 10,1 mM
Sodiumchlorid 137mM
Potasiumhydrogenphosphat 1,76 mM
pH 7.4

Nr.2b: ELISA-Incubation Buffer
PBS,

1% BSA

0,05%, Tween20

Nr.2c: ELISA-Blocking Buffer
PBS

3%BSA

0,05%Tween20

Nr.2d: PBST, ELISA-Washing-Buffer
PBS
0,05% Tween20

Nr.2e: ELISA-Substrate Buffer

0,2 M NgHPO2H,0O

0,1 M citric acid-HO

25,7 ml from the first dilution, 24,3 ml of the s&d dilution are mixed with 50 ml
dest. water. In 11 ml of this mixture gl H,O, are added and one pill of
Tetramethylbenzidinedihydrochloride (SigmaAldriclg/A)

Nr.2f: ELISA Stop-Buffer
1 M of H,SOy
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Nr.3 SDS-PAGE Buffers

Nr.3a:Electrophoresis Buffer
Glycin 99.8% 0,192 M

Tris Ultrapure 0,017 M

SDS Ultrapure 0,1%

Nr.3b: Seperating GelBuffer for 1 L
Tris Ultrapure 181,71 g pH 8,8
SDS Ultrapure 4 g

Nr.3c: Stacking GelBuffer for 1L
Tris Ultrapure 60,57 g pH 6, 8
SDS Ultrapure 4 g

Nr. 3d: Coomasie discolor mixture
Acetic acid 10%
Ethanol 20%

Nr. 3e: Laemmli loading dye 3 x stock
1M TrispH 6,8 2,4ml

20% SDS 3ml

Glycerol 100% 3ml
B-Mercaptoethanol 1,6 ml
Bromophenol blue 0,006g

DTT 300l

Total 10,3 ml

Nr. 4 Wester n-Blot Buffers

Nr.4a:Western-Blot Transfer Buffer
50 mM Tris ultrapure

380 mM Glycine

0,01%SDS

20% Methanol

Nr. 4b:Western-Blot TBS
0,003M KCI

0,136 M NacCl

0,02 M Tris Ultrapure

Nr. 4c:Incubation Buffer for Western Blot
TBST
5% powdered milk

Nr.4d:Western-Blot Washing Buffer (TBST)
TBS+0,5%Tween20

Nr. 4e:Western-Blot Blocking Buffer
TBST+ 10% powdered milk
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Nr.4f. Buffer for colorimetric detection of WesteBtot
e A:0,5gNBTin 10 ml DMSO
e B:0,59gBCIPin 10 ml DMSO
¢ Incubation-buffer:
100 mM NaCl
5 mM MgCI2
100 mM Tris pH 9,5
66 ul of Reagent A+ 33U of Reagent B in 10 ml Incubation buffer

Nr.5 Buffersfor the purification of the antibodies by immunoaffinity

Nr. 5a:Linkage Buffer
0,1 M NaHCQ,
0,5 M NaCl/ pH 8,3

Nr. 5b:Blocking Buffer:
100 mM Tris/ pH 7,5

Nr. 5c:Regeneration Buffer I:
0,1 M Tris,
0,5 M NaCl /pH 8,5

Nr. 5d:Reqgeneration Buffer:ll
0,1 M Na-Acetat,
0,5 M NaCl/pH 4,5

Nr. 5e:Elution Buffer.
100 mM Glycin /pH 2, 5

Nr. 5f:Neutralization Buffer:
Tris1 M /pH 8

3.2 Media

MaxiSorp microtiterplate (Roth/Germany)
Immunoaffinity column Hydra (Charles River/USA)
PVDF Membrane (Amersham/USA)

Filtepapers (Whatman/Germany)

Cell strainer (BD Biosciences/USA)

3.3 Reagents and KITS

Tetramethylbenzidinedihydrochloride -ELISA SubsrgiSIGMA Aldrich /Germany)
BCIP/NBT (Carl Roth /Germany)

NHS-Biotin (Pierce /JUSA)

Protein Marker Marklitblue (Annex 11) (MicroMol /Geany)

Antibody goat antiRabbitHRP (MicroMol /Germany)
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Antibody goat antiRabbitAP (MicroMol/ Germany)
3.4 Instrumentation

Athos microplate reader (Biochrom/UK)

Hybridization oven 6/12 (Storktronik/Germany)

Electrophoresis power supply (Amersham Biosciehé®a)

UV/Visible Spectrophotometer Ultrospec 2000 (Phatm8iotech/Germany)
Centrifuge Biofuge fresco ( Heraues instrumentsitery)

Sonification instrument (UP 50H, Hielscher/Germany

3.5 Bio-molecular methods

3.5.1 Protein extraction from celeriac, carrotspar

To extract the protein-allergens from celeriac,ratarand parsley the following
procedure was performed. Two grams of the vegetable ground in a pestle with
liquid nitrogen. 5 ml Protein-Extraction-Buffer (M) were added, the mixture was
homogenized and filtrated through a cell straiddter addition of 20 ml Ethanol, the
sample was kept at - 20°C for 1 hour. Then it wagrifuged for 15 min at 5000 rcf,
the supernatant was removed, 20 ml cold Ethanolewadded and through
sonification, lysis of the plant cells was achievéde sample was centrifugated again
for 15 min at 5000 rcf and the supernatant remo¥atally 1 ml PBS (Nr 2a) was
added to the pellet, the total protein content determined by measurements with a
UV/Visible Spectrophotometer at 280nm and the pnoéxtract was kept at - 20°C
for later usel*®! !

3.5.2 Indirect-ELISA method

Principle The Indirect-ELISA requires the immobilization dantigens on a
polystyrene based modified surface. After thatriengry antibody is added, which
binds specifically to the antigen that is coatihg tell. A labeled secondary antibody
is used for detection. This antibody binds speaifycto the primary antibody. Due to
the labeling a spectrometer can be employed totdydme color strength.

ProcedureThe upper row of wells on a micro titer plateasacoated in duplicates or
triplicates with 75ul PBS (Nr.2a) into which either hg/ml celeriac or carrot or
parsley protein extract were added or in anothee dag/ml recombinant protein Api
g 1. In the rest rows of wells 50 PBS were added. By taking out g6PBS of the
mixture of the first raw of wells and adding thento the second raw of wells
dilutions of 1:3 were made. By the same proceduddllBions were prepared. The
immobilization of the protein onto the plate todlage overnight at 4°C. In order to
minimize the amount of unbound protein four washatgps with 20Qul washing
buffer (Nr.2d) followed. To reduce unspecific bingj the coated plate got blocked by
300 pl blocking buffer (Nr.2c) for 1 hour at RT. 5@ purified antibodies or sera-
antibodies in concentrations ofugy/ml and 1:1000 respectively were loaded onto the
plate and incubated for 1 h at RT. The above cdra#ons were achieved by dilution
with incubation buffer (Nr.2b). After 4 washing ggewith 200ul washing buffer (Nr.
2d), the goat antibody anti-RabbitHRP (1:20.000(i§@vas added or in another case
the antiApil-2Biotin (ug/ml/50 pl). Incubation took place for 1 h at room
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temperature (RT). Four washing steps with A0@ashing buffer (Nr. 2d) followed.
By the addition of 5Qul chromogenic substrate TMB (Nr.2e ) and incubafimn10
min the reaction was visualized and finally stoppstth 50ul 1 M H,SO In the case
when antiApil-2Biotin was used as detector antibodg more step was enclosed in
the procedure; Streptavidin (%0 of a 0,5ug/ml solution) was added and incubated
for 1 hour at RT. Then 4 washing steps followed #redchromogenic substrate was
added as in the case before. Using the ELISA pkeider the absorbance at 450 nm
with reduction at 630 nm was measured.

3.5.3 Immunoblotting experiments

In order to estimate the specific binding affindlyantibodies to the antigen (i.e. the
Api g 1-protein or celeriac, carrot, parsley proterespectively) immunoblots were
performed. Firstly an SDS-PAGE gel had to be run.

Principle of electrophoresiOnto a gel matrix formed of polyacrylamide, piote

samples that have been denatured can move in Lo dlee basis of their molecular
weights only and get separated.

The gel matrix consists of chains of polyacrylamttiat are crosslinked by N,N-
methylene bis-acrylamide co-monomers. Polymeripatfo initiated by ammonium

persulfate and catalysed by TEMED. The concentratioan acrylamide determines
the resolution of the gel - the greater the acryd@rconcentration the better the
resolution of lower molecular weight proteins. Ated analyzing the proteins on the
gel, they need to be denatured. Sodium dodecytalvhich is an anionic detergent,
is used for denaturation. One SDS molecule bindsdamino acids. Mercaptoethanol
assists the protein denaturation by reducing ddmilfbonds. Proteins become
linearized and can be separated on the gel.

Procedure of Electrophoresi&el plates were set up. Then the componentshior t

gels were mixed. Two different layers of acrylamwlere made and poured between
the glass plates. The lower layer (separatingeeolving, gel) was responsible for

actually separating polypeptides by size. The ujggr (stacking gel) was designed

to compress the proteins into micrometer thin layenen they reached the separating
gel. The gels were made according to the recipledriollowing Table 3.1

Table 3.1: Recipe of stackgel and separating gel.

Components Separating gel Stacking gel
12%

H,O 3,4 ml 3ml

4X Sep.Gel-Buffer (Nr.3b) 2,5 ml -

30% Acrylamide 4 ml 0,66 ml

TEMED 10l 5 ul

10%APS 5Qul 25 ul

4X Stack.Gel.Buffer(Nr.3c) - 1,25

A comb was placed into the upper stacking gel leefbe polymerization. After the
gels had been polymerized the comb was removed.sldie were washed out to
remove unpolymerised acrylamide. Meanwhile the @gnosamples were prepared.
They were mixed with 2 x sample loading buffer (Bid) at 1:1 dilution. The samples
got heated at 95°C for 3 minutes and finally theyrevbe loaded onto the slots of the
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gel. 15yl of the protein sample, were added at each sléterAhe gel had run

approximately 1 hour at 25 mA at RT, the electrophically separated proteins were
transferred to a PVDF membrane where they werectdgtaising antibodies specific
for the target protein. To prepare the membraneag soaked in ethanol for a few
minutes and rinsed with distilled water. Six piecésNVhatman paper (3mm) were
cut. Then the membrane, pads, filter papers andvge¢ stacked in the following

order: black frame (negative electrode) >> pad3>pieces of filter papers >> SDS-
PAGE gel >> membrane >> 3 pieces of filter papergpad >> red frame (positive
electrode). The blotting cell was filled with Westélot transfer buffer (Nr 4a), and
blotting was performed at 400 mA for 2 hours.

After the blotting procedure, the membrane was rta@at of the equipment and
placed in a blocking solution (Nr.4e) for 1 houredhwhile the primary antibody
solution was being prepared with incubation buffdrich contained 5% powdered
milk. Depending on the antibody's reactivity, camcations of 1ul/ml for purified
antibodies or 1:1000 dilutions for sera-antibodvesre used. The membrane was
incubated with 10 ml primary antibody-solution forhour at RT. After 4 washing
steps with TBST (Nr.4d) the membrane was incubatgd 10 ml of the second
antibody, which was a goat anti-Rabbit conjugatéth alkaline phosphatase (1 hour
RT). The second antibody was diluted 1:1000 in lration Buffer (Nr. 4c). Finally
after four further washing steps with washing buff|r. 4d), the detection of the
characteristic bands was possible by adding BCIH/K&ffer onto the membrane for
colorimetric detection (Nr. 4f).

An alternative method that had been followed in soexperiments for the
identification of proteins was Coomassie blue stgjrof the gel to detect proteins in
the banding pattern. To stain gels they were plat&bomassie solution and shaken
for approximately 1h at RT. Then the staining doluthad to be poured off and in
order to destain the gel it was put into a discatotture (3d) for 30 min.

3.5.4 Purification of sera-antibody on an antigémigy-column (Api g 1-Hydra
affinity column)

The gained sera-antibodies were further purifiedan Api g 1-HYDRA column onto
which recombinant protein Api g 1 was immobilizédter washing the column with
PBS (Nr.2a), 10 ml of sera were given onto it. Serd solid phase were incubated at
4°C overnight, rotating. After washing three timegh 4 ml PBS (Nr.2a), 10 ml
elution-buffer (Nr.5e) was poured onto the matiiien fractions of 1 ml each were
collected. To each fraction 1Q0 neutralization buffer (Nr. 5f) was added. In arde
test which fractions included the antibody, a SDMsE electrophoresis was
performed using a 12% gel. The fractions which am&d the antibody were
identified, pooled and the concentration of thakemty-sample was measured at 280
nm with an UV/Visible Spectrophotometer

3.5.4.1 Determination of protein concentrations
Principle Quantification of proteins in a solution is pddsi by simple
spectrophotometry. The absorption of proteins &t @8 depends on their content of

Tyr and Trp therefore one has to keep in mind itheairies greatly between different
proteins and is just an approximation. For the rietgation of a given protein
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concentration the sample was diluted with PBS abingty. The concentration was
then calculated using the Lambert-Beer formula.

3.5.4.2 Ammoniumsulfat precipitation

In order to obtain a higher antibody concentratiam,ammonium precipitation was
carried out. For this purpose an 5,75M ammoniunas@iblution pH 7,4 was prepared
and 10 ml of this solution was poured carefullyooh® ml antibody solution. At 4°C

the mixture was stirred overnight. After a cengtion step of 30 min at 400 rpm
the pellet was disolved in 1 ml PBS and dialyzesliragt 1 L of PBS.

3.5.4.3 Dialysis through a Semi-Permeable Membrane

Principle Dialysis is the movement of molecules through emispermeable
membrane, from high concentration to low conceramnatOnly molecules that are
small enough to fit through the membrane pores abske to move and reach
equilibrium with the entire volume of solution ihet system. There is a stop of
movement when molecules are moving through thespiote and out of the dialysis
unit at the same rate. Large molecules that capass through the membrane pores
will remain at this side of the membrane as theyewehen dialysis was initiated. By
changing the buffer, additional unwanted substacae be removed. After the
precipitation of the antiApil-2, unwanted salts e@vhiwould disturb the protein
function (e.g. binding to an antigen) had to beaeed. In order to substitute these
negative substances, dialysis against PBS wasrpetb

ProcedureThe antibody sample was placed in a dialysisdratyput into a container
with 1 L PBS. Everything was stirred overnight (Q/at 4°C for 1 hour. Three PBS
changes in intervals of one hour were requiredrdeito obtain a salt minimization
in the sample.

3.5.5 Biotinylation of antiApil-2

Principle: A method to make an antibody detectable is tachtbaotin covalently to it.
Biotinylation is rapid, specific and is unlikely titer the natural function of the
molecule due to its small size. Biotin binds teeptavidin with an extremely high
affinity and specificity. It is resistant to extrenmeat, pH and proteolysis. Multiple
biotin molecules can conjugate to an antibody térest, which means also multiple
streptavidin binding-sites, and thereby increasigsitivity of detection.

ProcedureAccording to the instructions of Thermo FishekGanM Biotin solution in
DMSO was prepared. In order to estimate how mudaitiBiwas necessary for the
conjugation of 1 ml antibody with the concentratioh1,55 mg/ml, the following
equation was used.

1mlIgE x 1,55 IgE x 1mmol IgG x 20mmol Biotin _

1mlIgG x 150,000 mg 1gG x 1mmol IgG
0,20 10" % mmol Biotin x 1.000.0000 ul x 1L

L x 10mmol

= 20 ul Biotin
20 pl Biotin solution with 1 ml antibody was incubattat 1 hour at RT.
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3.5.6 Sandwich-ELISA

Principle This type of assay is called Sandwich becausanihé/te to be measured is
bound between two antibodies. One of these ant#sodi the capture antibody that
binds onto the micro plate and the other one isdiection antibody. Usually the
detection antibody is coupled with an enzyme. Wtensubstrate of the enzyme is
added a color development is taking place. Thedritiie concentration of the antigen
the stronger the color changes. A spectrophotonaterbe used to give quantitative
values for color strength. The Sandwich-ELISA metieomore sensitive and specific
than other ELISA methods. The prerequisite is thattwo antibodies used, don’t
bind to the same epitope.

ProcedureMicrotiter plates were coated in duplicates viathul/well PBS containing
Api g 1-specific antibodies or celery-specific dotlies at concentrations ofug /ml
The immobilization onto the ELISA plate took plaG¢N at 4°C. After 4 washing
steps with 20Qul ELISA-washing buffer (Nr.2d) to remove unboundtibady, the
samples were blocked at RT with 30Dblocking buffer (Nr.2c) for 1 hour. At the
upper raw of wells on the micro titer plate (A5celery protein extract or recombinant
Api g 1 protein were added with a starting concaian of 5ug /ml and 1lug /ml
respectively. In the rest rows of wells pOPBS was added. By taking out RBPBS

of the mixture of the first row of wells and additigem into the second raw of wells
dilutions of 1:3 were made. By the same procedurdili&ions were proceed. The
incubation took place at RT for 1 hour. Four waghsteps with 20Qul ELISA-
washing buffer followed. Then 501 of detection antibody antiApil-2-Biotin were
applied at a concentration ofyy /ml. After 1 h incubation at RT and four washing
steps with 20Qul washing buffer, StreptavidinHRP (50 of a 0,5ug /ml solution)
were added onto the plate. The StreptavidinHRP ¢@npas incubated for 1h at RT.
Four washing steps with 2Q0 PBS followed and finally 5Ql/well TMB substrate
(Nr.2e) were given onto the plate. After 10 min teaction was stopped by p01 M
H.SO, The absorbance was measured at 450 nm using anAGbMEe reader. In
order to test the binding affinity of the capturgibody to the detection antibody a
negative control was performed by adding everytesda@xcept the antigen.

3.5.7 Purification of sera-Antibodies on NHS-adiigrsepharose coupled with celeriac
protein

Principle To gain antibodies that are specific for celeng &fficient in a Sandwich-
ELISA setting, an affinity matrix was prepared.

Procedureln order to swell 1 g NHS-activated sepharose,dbpharose was treated
with 10 ml 1 mM HCI for 30 min. After washing fitgtwith 30 ml PBS (Nr.2a) and
secondly with 12 ml linkage Buffer (Nr.5a), 8 ml oéleriac protein extract with a
concentration of 3,92 mg/ml was poured onto therismhand incubated at 4°C
overnight. In this way the celeriac extract prageivere immobilized onto the matrix.
The following day unbound ligand was washed outhwit0 ml PBS (Nr.2a).
Subsequently the matrix was blocked for 2 houré witml blocking buffer (Nr.5b).
10 ml of sera-antibodies were given onto the colama incubated for 4 hours at 4°C.
The flow-through was discarded and washing stepgh washing buffer followed
(2x40 ml). Finally the purified antibodies were teld with 10 ml of elution buffer.
(Nr.5e). Ten fractions of 1 ml each were selectdakse fractions were neutralized by
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100 ul neutralization buffer (Nr.5f). In order to seldbe fractions that contained the
purified antibodies, 12% SDS-PAGE electrophoresss \werformed. The fractions

that included the antibodies were pooled, dialyagainst PBS (Nr 2a) and stored at -
20°C for further experiments. The concentratiorth@f antibodies was measured at
280 nm with a UV/Visible Spectrophotometer.
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4. Results

In this chapter the results of the experimentdl giathe thesis are presented.

4.1Previous work

The following steps were not carried out during éxperimental work of this thesis
yet they are briefly described below.

4.1.1Expression of recombinant protein Apig 1

For the experiments the recombinant Api g 1 wadluSer this reason the DNA
sequence of the protein Api g 1 was cloned intopf&-30 expression vector and
subsequently the recombinant plasmid was transtbramto E.coli cells. The
expressed protein Api g 1 was then used for the ummation and for further
experiments as a binding agent.

4.1.2 Immunization schema

Two groups of rabbits were immunized.

In the first group, twelve animals got differenteparations in order to built
antibodies. The antigen solution they got, as desdrin Table 4.1, was crude
celeriac (unheated and heated at 95°C), celeriaeiprextract (unheated and heated
at 95 °C), recombinant protein Api g 1.01, and xtore of five peptides of the
protein sequence of Api g 1.01 respectively. Thenime system of these rabbits
became fortified against these immunogens.

In the second group, four rabbits got immunizede Hgents used to activate their
immune system were in this case, small moleculethercontrary to the first group
where large agents were used. Each of these angoala preparation of only one
small peptide in order to elicit response. Two asofs of the protein exist, and
therefore two peptides of the Api g 1.01 isofornrevased as well as two peptides
derived from the second isoform, the Api g 1.02t@ro sequence. In this way
polyclonal antibodies were gained
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Table 4.1: Agent used for the immunization

Immunization 1

Immunization 2

2400/10 Animal 1,2 celeriac-extract

2400/10 Animal 3,4 celeriac-extract at 95°C

2400/10 Animal 5,6 protein-extract from celeriac

2400/10 Animal 7.8 protein-extract from celeriacat 95°C

2400/10 Animal 9,10 Recombinant Api g1 Protein incl. His-tag

2400/19 Animal 11,12 PepMix(5 Peptides) from the Api g1
Api30(aa 39-52) KSVEIKGDGGPGT;
ApiS5{aa 55-65) IITLPDGGPIT;
Api68(aa 68-79) TLRIDGVNKEAL
Apil05(aa 105-113) VPTADGGSI
Apil20(aa 120-140) FHTKGDAVVPEENIKYANEQ

1959/08 Animal 1 Pep-Apil-1( aa 1-12)
MGVQTHVLELTS

1959/08 Animal 2 Pep-Apil-2( aa 121-140)
HTKGDAVVPEENIKYANEQN

1959/08 Animal 3 Pep-Api2-1{ aa 11-31)
PSTVSAEKMYQGFLLDMTVF

1959/08 Animal 4 Pep-Api22{ aa 121-138)

NTKGDAVLPEDKIKEATE

The gel matrix of immunoaffinity column HYDRA wasupled with recombinant
protein Api g 1 in order to purify sera of someraais and to gain antigen specific
antibodies. Table 4.2 shows which sera had beentsdlfor purification.

Table 4.2: Sera of animals which were purified ieyious experiments

Imm.1 -\ ser1| sera | ser5 | Ser6 | Ser7| ser8| Sero| serio| serii| Ser.12
Purif. ) ) : ) o + + + + +
Imm. 2 Ser.l | Ser.2| Ser.3 | Ser. 4

Purif. _ _ _ _ _ _ _ _ _ _

Imm.-Immunization, Purif.: purification, Ser.-Serum
- a purification was conducted, + no purificatidepswas conducted
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4.2 Experimental work of this thesis

4.2.1 Examination of the binding capacity of serd purified-antibodies with celeriac-
protein/recombinant protein Api g 1 by the Indir&tiSA method

The reactivity of crude immune sera and their pedifantibodies (Api g 1 specific
antibodies) with recombinant protein Api g 1 antedac protein extract were tested
by Indirect-ELISA test. The method was followed @cting to 3.5.2 in Materials and
Methods.

Purified antibodies of the first immunization: 79p, 10p, 11p, 12p, and sera-
antibodies of animals 1, 4, 5, 6, 7, 8, 9, 10,1Plas well as the sera-antibodies of the
second immunization were tested by this way. Altays were carried out in
duplicate. The negative control samples includédhal reactants except the antigen.
The results are shown in Fig.:4.1a-Fig.:4.6b

W negativ control
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Fig.4.1.a: Indirect-ELISA: Reaction of celeriac Fig.4.1b: Indirect-ELISA: Raaction of Apiel
Celeriac | a=5 psml b=1.66 p='ml e=0,553 pe'ml d=0,I84 pe'ml e=[L.06T peml
(wrell 0.230 pg) {well 83 .33 ng) {wall 27.77 ng) {well9 26 ng) (well3.09ng)
Apiel a=1 pgml b=0.333 el =1, 11T pgml d=3Tngml e=I3.33 ng'ml
(wrell 0,05 pgl {wall 16,666ng) {wall 3.535ng) {wall 1,832 ng) (weall0.617 ng)

With antibodizs from the first group of Immmumization

1: Szrum /Animal 8(1:1000)

2: Berum /Animal 9(1:1000)

3: purified antibody from Animal 9 (1 pe/ml, well: 0, 05 pe)

Deatzction Antibody: goat aRabbitHRP 1:20.000
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Fig42.a: Indirect-ELISA- Reaction of celeriac Fgd2h: Indirect-ELISA: Reaction of Apigl
Celeriac | a=% pgml b=1,66 p='ml o=1,553 pe'ml d=0,184 peml | «=0.061 pz'ml
(wall 0.250 pe) {wallBl3lng) {wall27.77 ne) {wall9 26 ne) {wall 3.09 ng)
Apizl a=1 pg'ml =033 e ml o=ILITT pe'ml d=3T ngml e=12. 33 ng'ml
{erall 0.03 pg) {well 16 666ng) (well 55550} (wall 1,852 0} | {wellD.617 ne)
With antibodies from tha first group of immunizstion
1: Serum /Animal 1O{1:1000)
2: purifisd artibody from Animal 10{1 pe'ml, well: 0,05 pg}
3: Berum /Animal 1 1{1:1000)
4: purifisd artibody from Animel 11{1 pe'ml well: 0,05 pg)
Detaction Antibody: goat aRabbitHREP 1:20.000
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Fig4.3.a: Indirect-ELISA: Reaction of celeriac Fig43b: Indirect-ELISA: Rasction of Apigl
Celeriac | a=5 nzml =LEF el = T =B LT gy F=\X[:3 g
{wall0.250 pe) {wall 81 33 ng) {wall 27.77 5g) {wall 9,26 ne) {wall} 09 ne)
Apizl | a=lpzml = RERTEE) =011 rzml =3 Tngml = bRKET
{wall 0.05 pe} {wall 16,666ng) {wall 5555 ne) {wall1 852 ne) {wall0 617 ne)

With antibodizs fromthe first eroup of imrminization
1: Serum /Animal 12{1:1000)

2: purified antibody from Animal 12 {1 pe'ml, wall: .05 pg)

3: Serum /Animal § {1:1000)

Distection Antibody: goat aRabbitHEP 1:20.000
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Fg4.4b: Indirect ELISA: Reaction of Apigl

Celeriac [ a=5 p'ml b=1.86 p='ml o=0,553 ps'ml d=0.184 peml e=1L.061 pe'ml
{wall0 250 pe) {well 83 33 ng) {well27.77 ng) {wrall 926 ng)) {weall3 09 ng)

Apigl a=1 peml b=0.333 ng'ml o=0LIIT p='ml d=37 ngml e=12. 33 ng'ml
{well0.03 pel (well 16,666ng) {well3.555ne) {well 1,832 ng) {well0.617 ng)

With antibodies fromthe first eroup of imnnmization
1: Berum /Animal 1{1:1000)
2: Serum /Aniral 7{1:100J)
3: purifiad antibody from Animal 7 {1 peiml) well: 0,03 pe)

Detection Antibodv: scataRabbitHRP 1:20.000
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Fig4.3.a: Indirect-ELISA: Reaction of Calariac Fig4.5b: Indirect-ELISA: Reaction of Apizl
Celeriac | a=5 peml b=1,68 pe'ml e=0,553 p'ml d=0, T84 ne'ml e=0.061 perml
(well 0,230 pg) {(well831.33ng) (well27.77ng) {well9,26ng) (well3.09 ng)
Apigl a=1 peml =033 gl o=0,ITT pe'ml d=3Tngml =11 T ngml
(el 0,03 pgl (wall16,666ng) (well5.555ng) {well1,852 ng) (wall0.617 ng)

with antibodias fromthe fisteroup of immmization
1: Serum /Animal4{1:1000)
2: Sarum (Animal 5{1:1000)

Detection Antibody: goat sRabbitHREP 1:20.000
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Fig4.6.a: Indirect-ELISA: Rzaction of Celeriac Fig4.6.b: Indirect-ELISA Reaction of Apigl
Celeriac | a=5 pe'ml b=L.8% pg'ml e=1,283 peml d=0,I84 pg'ml e=0,06T pg'ml
{wall 0.250 pe) {wallE3 33ng) (well27.77 ng) (weall9 26 ne) {wall3 09 ne)
Apigl a=1 peml b=0. 333 pe'ml e=,ITT pe'ml d=3Tng'ml e=13. 3T nglml
{erall 0.05 pg) {well 16,666ng) (wall5.555ng) (wall 1,852 ng) {wall0.617ng)

‘With antibodizs oftha sacond proup of Irrminization

1: Szrum (Animal 1{1:1000) Immmisation with Apigl-1
2: Szrum (Animal 2(1:1000) Immmmisation with Apigl -2
3: Serum /Animal 3(1:1000) Immmisation with Apig2-1
4: Serurm /Animal 4{1:1000) Immmmisation with Apig2-2

Deetection Antibody: goat aRabbitHEP 1.20.000

The Indirect-ELISA tests confirmed a successful umimation and purification of

Api g 1 specific antibodies from the sera. The erséra and the purified-antibodies
could bind with the recombinant Protein Api g 1 addo with the celeriac protein
extract.

4.2.2 Immunoblotting experiments to examine theigpeof sera and purified-
antibodies

Antibodies gained after purification with an antig@dpi g 1) affinity column as well
as the corresponding immune sera were tested byinmobtoting. The aim was to
identify their specific binding affinity to recontmnt Api g 1 protein and to celeriac
respectively. According to the literature the Apl gprotein migrates as a single band
with a molecular weight of 15 k#a. The method was followed according to section
3.5.3 in Materials and Methods. In the Figures 4114 the expected Band was
marked by an arrow.
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Fig.4.7: Western Blot of the first group of Fig.4.8: Western Blot of the first group of
immunization immunization
M) Marker Mark it blue M) Marker Mark it blue
A) Apigl: 100ug/ml, (Load 1, fug) A) Apigl: 100ug/ml, (Load 1, fug)
B) Celeriac 2mg/ml (Load 3fg ) with: B) Celeriac 2mg/ml (Load 3(g) with:

1: Binding antibody: Serum of Animal 1, 1:100 5: Binding antibody: Serum of Animal 5, 1:1000
4: Binding antibody: Serum of Animal 4, 1:10( 6: Binding antibody: Serum of Animal 6, 1:1000
Detection antibody: goat-aRabbit-AP 1:1000  Detection antibody: goat aRabbit-AP 1:1000
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Fig.4.9: Western Blot of the first group of immuaiion
M) Marker Mark It blue

A) Apigl: 100ug/ml, (Load 1, 5ug)

B) Celeriac 2mg/ml (Load 3(g) with:

7: Binding antibody: Serum of Animal 7, 1:1000
7p: Binding antibody: purified antibody from Anima)
Tug/ml

8: Binding antibody: Serum of Animal 8

Detection antibody: goat aRabbit-AP 1:1000
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Fig.4.10: Western Blot: of the first group of imnization
M): Marker Mark It blue

A) Apigl: 100ug/ml, (Load 1, fug)

B) Celeriac 2mg/ml (Load 3fg) with

9: Binding antibody: Serum of Animal 9, 1:1000
9p: Binding antibody: purified antibody fr. Animal
Tug/mi

Detection antibody: goat aRabbit-AP 1:1000
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Fig.4.12: Western Blot: of the first group of imnization
M) Marker Mark It blue

A) Apigl: 100ug/ml, (Load 1, 5ug)

B) Celeriac 2mg/ml (Load 3(g) with:

11: Binding antibody: Serum of Animal 12, 1:1000
11p:Binding antibody: purified antibody fr. Animal,
Tug/mi

Detection antibody: goat aRabbit-AP 1:1000
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Fig.4.11: Western Blot: of the first group of
Immunization

M) Marker Mark It blue

A) Apigl: 100pg/ml (Load 1, 5ug)

B) Celery 2mg/ml (Load 3Qg) with:

10: Binding antibody: Serum of Animal 10, 1:1000
10p: Binding antibody: purified antibody fr.Anima0,
Tug/mi

Detection antibody: goat aRabbit-AP 1:1000
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Fig.4.13: Western Blot: of the first group of imnization
M) Marker Mark It blue

A) Apigl: 100ug/ml, (Load 1, 5ug)

B) Celeriac 2mg/ml (Load 3(0g) with:

12: Binding antibody: Serum of Animal 12, 1:1000
12p: Binding antibody: purified antibody fr. AnimaP,
lug/ml

Detection antibody: goat aRabbit-AP 1:1000
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Fig.4.14: Western Blot: of the second group of imization
M) Marker Mark It blue

A) Apigl: 100pg/ml (Load 1, 5ug)
B) Celeriac 2mg/ml (Load 3(0g) with:

1-1: Binding antibody: Serum of Immunisation witipig1-1, 1:1000
1-2: Binding antibody: Serum of Immunisation witipig1-2, 1:1000
2-1: Binding antibody: Serum of Immunisation witipig2-1, 1:1000
2-2: Binding antibody: Serum of Immunisation witipig2-2, 1:1000
Detection antibody: goat aRabbit-AP 1:1000

The results presented in Figure 4.7-4.14 show glesiband migrating close to the
marker band of 16 kDa which corresponds to the g\fi protein. The immunoblot
confirmed that the above ELISA values (Fig. 4.1%#) of the first

immunization/purification group were mainly duedpecific bindings to the protein
Api g 1. From the second immunization group thexsdrantiApil-2 showed a high
binding capacity and preference to bind specifycalith the Api g 1 which was the
reason why this antibody was chosen to serve atitmt antibody in some of the
following experiments. As the immunization agentswanly a small peptide it was

furthermore presumed that the possibility of tlesasto cross react with other proteins
of similar plants would be rare.
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4.3 The cross reactivity of antibody antiApil-2

The serum of the animal immunized with peptide 4a120 of the Api g 1.01 isoform
got purified by an antigen- immunoaffinity columnYBIRA as described in section
3.5.4 in Materials and Methods. The eluted fradiorere examined via SDS-PAGE
(Fig.4.15) in order to detect which fraction contal the antibody. The
electrophoresis showed that the antibody was irclud Fractions 2, 3, 5 which were
then pooled. An amount of antibody was into the twésction and couldn’t be
selected.

12 |

30

23

16 Tty S e

M Flowthrougt. Wash/Fr.2/Fr.3/Fr/Fr.5/Fr.€

Fig.4.15: 12% SDS-PAGE of the eluted fractions ofadfinity chromatography of serum
obtained after immunization with peptide aal21-t#i€he Api gl isoform. (M:Marker, Fr:
Fraction)

The gained antibody antiApil-2 was covalently cedpto biotin in order to be easily
detectable by addition of StreptavidinHRP.

The method is described in section 3.5.5 in Male@ad Methods. The biotinilated
antibody was tested by Indirect-ELISA to examirsedtoss-reactivity with fug/ml
carrot and parsley. All assays were carried outriplicate. The negative control
samples included all the reactants except the emtitn Fig 4.16 the results of the
Enzyme-linked immunosorbent assay are shown.
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Fig.4.16: Indirect-ELISA: Reaction of:

1.Apigl a=1ng/ml b=0.333pug/ml ¢=0,111 pg/ml d=37 ng/ml e=12.33 ng/ml
(well 0.05png) (well 16,666 ng) | (well 5.555ng) | (well 1,852 ng) | (well 0.617 ng)

2. Celleriac a=5pug/ml b=1,66 ng/ml ¢=0,553 pg/mi d=0,184 pg/ml €=0.061 pg/ml
(well 0.250ug ) | (well 83.33ng) (well 27.77ng) | (well9,26ng) | (well 3.09 ng)

3. Carrot a=5ug/ml b=1,66 png/ml ¢=0,553 pg/ml d=0,184 pg/ml e=0.061 pg/ml
(well 0.250ug ) | (well 83.33ng) (well 27.77ng) | (well9,26ng) | (well 3.09 ng)

4. Pardey a=5pug/ml b=1,66 pg/ml ¢=0,553 pg/mi d=0,184 pg/ml €=0.061 pg/ml
(well 0.250pg ) | (well 83.33 ng) (well 27.77 ng) | (well9,26 ng) | (well 3.09 ng)

with 0.5ug/ml (well 0.025ug) antiApil-2Biotin and 0, fg/ml (well 0.025ug) HRP Streptavidin

The antibody antiApil-2 showed a clearly bindingfprence to celeriac and Api g 1-
protein. At the initial and equal concentrationSofig/ml for celery, carrot, parsley,
the antibody showed five times higher signals tterc@c than to carrot. When
comparing with parsley the signals were 12 timghéi. Therefore this antibody was
selected for further experiments in Sandwich-ELESAtems.

4.4 Optimization procedure for an Api g 1 specfandwich-ELISA

At an Indirect-ELISA the antibody serves as a higdpartner of the antigen and also
as a detection agent. In contrast to that, a mensittve and specific test is the
Sandwich-ELISA by which the antigen is in a firgeps captured by a specific
antibody and detected in a second step by anoffemife antibody which might be

labelled by a substrate converting enzyme suchRi.H

In order to develop a stable system, a celery &peSandwich-ELISA had to be
established. Therefore the recombinant proteingAbiwas used for test establishment
as it was presumed that it should be in a high eoimation present in celeriac protein
extracts, however be not as complex as a celerg@xiAs detection antibody should
serve the antiApil-2Biotin which had shown spedyi@and affinity in the previous
experiments. Bound antiApil-2 should be determifgda colorimetric reaction
initiated by StreptavidinHRP binding to the covdlgrattached Biotin anchor. The
concentrations for this specific application had&determined experimentally. For
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this reason the antiApil-2-Biotin was applied ie first four rows at concentrations
of 1 ug/ml and in the last four rows at Qu§/ml. Also the concentration of applied
StreptavidinHRP varied from dg/ml in the first and fifth row to 0,hg/ml in the
second and sixth row, to 0,28/ml in the third and seventh row to 0,325 ml in the
fourth and eighth row. The results are shown inRigeires below (Fig.: 4.17-4.26)

W without Antigen Apigl
Wwithout Antigen Apigl € RIg
13 7 with Antigen Apigl
OD 13 - 1046 W with Antigen Apigl  OD 1 ' 0357 - g Pig

11 - 0821 -

| : 08 -
09 _| 07 1
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014 b 011
01 er 01 4
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Fig.4.17:Sandwich-ELISA:

Capture antibody: purified antibody frofmimal 7,
1 pg/ml (well: 0, 05uQ)

Antigen: Apigl 1ug/mli(well:0.05uQ)

Detection antibodyl pg/ml antiApil-2Biotin,
conjugated with

1) Lug/ml StreptavidinHRP,

2) 0, 5pug/ml StreptavidinHRP,

3) 0, 25ug/ml StreptavidinHRP

4) 0,1251ug9/ml StreptavidinHRP

W without Antigen Apigl

1.292

. 111 Mwith Antigen Apigl

oD
11 4
09 -
07 1
05
03
01 "
—
01 A T

Fig.4.19:Sandwich-ELISA:

Capture antibody: purified antibody frofmimal 9
1 pg/mi(well:0.05ug)

Antigen: Apigl, 1ug/ml(well:0.05u9)

Detection antibodyl pg/ml antiApil-2Biotin,
conjugated with

1) Lug/ml StreptavidinHRP,

2) 0,5ug/ml StreptavidinHRP,

3) 0,25ug/ml StreptavidinHRP

4) 0,1251u9/ml StreptavidinHRP
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Fig.4.18:Sandwich-ELISA:

Capture antibody: purified antibody frofmimal 7,
1 pg/ml (well: 0.05ug)

Antigen: Apigl, 1ug/ml (well:0,05uQ)

detection antibod®,5 ng/ml antiApil-2Biotin,
conjugated with

1) 1 pg/ml StreptavidinHRP,

2) 0,5pg/ml StreptavidinHRP,

3) 0,25pg/ml StreptavidinHRP

4) 0,125pg/ml StreptavidinHRP

W without Antigen Apigl
1187

1131 Wwith Antigen Apigl

13 4

Fig.4.20:Sandwich-ELISA:

Capture antibody: purified antibody frofmimal 9
1 pg/ml (well: 0, 05ug)

Antigen: Apigl, 1ug/mi(well:0.05u9)

Detection antibody0, 5 pg/ml antiApil-2Biotin,
conjugated with

1) 1pg/ml StreptavidinHRP,

2) 0, 5pg/ml StreptavidinHRP

3) 0, 25ug/ml StreptavidinHRP

4) 0,125ug/ml StreptavidinHRP
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Fig.4.21:Sandwich-ELISA:

Capture antibody: purified antibody froAmimal 10
1 pg/mi(well:0.05u9)

Antigen: Apigl, 1ug/mi(well:0.05ug)

Detection antibodyl pg/ml antiApil-2Biotin,
conjugated with

1) lug/ml StreptavidinHRP,

2) 0, 5ug/ml StreptavidinHRP,

3) 0, 25ug/ml StreptavidinHRP

4) 0,1251u9/ml StreptavidinHRP

W without Antigen Apigl

1.202

W with Antigen Apigl

0.3 -I

W without Antigen Apigl
W with Antigen Apigl
1.1¢

Fig.4.22:Sandwich-ELISA:

Capture antibody: purified antibody fromimal 10
1pg/ml (well: 0, 05ug)

Antigen: Apigl, lug/ml (well:0.05u9)

Detection antibody0.5 pg/ml antiApil-2Biotin,

conjugated with

1) 1ug/ml StreptavidinHRP,

2) 0, 5ug/ml StreptavidinHRP,

3) 0, 25ug/ml StreptavidinHRP

4) 0,1259/ml StreptavidinHRP
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Fig.4.23: Sandwich-ELISA:

Capture antibody: purified antibody frofmimal 11
1 pg/ml (well: 0.05ug)

Antigen: Apigl, 1ug/ml (well: 0.05uQ)

Detection antibodyl pg/ml antiApil-2Biotin,
conjugated with

1) lug/ml StreptavidinHRP,

2) 0, 5ug/ ml StreptavidinHRP

3) 0, 25ug/ml StreptavidinHRP

4) 0,1251u9/ml StreptavidinHRP
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Fig.4.24 Sandwich-ELISA:

Capture antibody: purified antibody froAmimal 11
1 pg/ml (well: 0.05ug)

Antigen: Apigl, 1ug/ml (well: 0, 05uQ)

Detection antibody0.5 pg/ml antiApil-2Biotin,
conjugated with

1) lug/ml StreptavidinHRP,

2) 0,5pg/ml StreptavidinHRP,

3) 0, 25ug/ml StreptavidinHRP

4) 0,1251g/ml StreptavidinHRP
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Fig.4.25:Sandwich-ELISA: Fig.4.26:Sandwich-ELISA: .
Capture antibody: purified antibody froAnimal 12 Capture antibody:purified antibody frofmimal 12
1 pg/ml (well: 0.05ug) 1 pg/ml (well: 0.05ug)
Antigen: Apigl, 1ug/ml (well: 0.05ug) Antigen: Apigl, lug/mi(well: 0.05p9)
Detection antibodyl pg/ml antiApil-2Biotin, Detection antibody0.5 pg/ml antiApil-2Biotin,
conjugated with conjugated with
1) lug/ml StreptavidinHRP, 1) lug/ml StreptavidinHRP,
2) 0, 5ug/ml StreptavidinHRP 2) 0, 5pg/ml StreptavidinHRP,
3) 0, 25ug/ml StreptavidinHRP 3) 0, 25ug/ml StreptavidinHRP
4) 0,125ug/ml StreptavidinHRP 4) 0,125ug/ml StreptavidinHRP

The Sandwich-ELISA seems to work optimal when aceaitration of 0,5ug/ml
StreptavidinHRP was applied. All the antibodiesvgbdo that when high levels of
1 ug/ml StreptavidinHRP were added in absence of antifpis was always related
with high background reactivity. Not all the camuantibodies used gave the same
high signals. The signals observed with purifieticendies of Animal Nr. 9, 10, 11
showed the best results and were therefore selest@@pture antibodies for further
experiments with celeriac.

4.5 Sandwich-ELISA test with celeriac

In order to develop a system which detects celdrg, optimal conditions of the
experiment with the recombinant Api g 1 (see cha$i4.) were adopted to celeriac.
Purified antibody of Animal 10 (10p) which prevityishowed high signals was used
as capture antibody and antibody antiApil-2Biotihickh showed in section 4.3
binding preference to celeriac was used as deteetntibody. The concentration of
0,5 ug/ml StreptavidinHRP was applied. All assays weagied out in triplicate. The
negative control samples included all the reactextept the antigen. In the following
Fig.4.27 the results of the Sandwich-ELISA with er&c, carrot, parsley and
recombinant Api g 1 are shown.
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Fig. 4.27: Sandwich-ELISA:

Capture antibody: purified antibody frodmimal 10, 2 ug/ml (well: 0.1pg).

Antigen:

1.Apigl a=1pg/ml b=0.333ug/ml ¢=0,111 pg/ml d=37 ng/ml €=12.33 ng/ml
(well 0.05pg ) (well 16,666 ng) | (well 5.555ng) | (well 1,852 ng) | (well 0.617 ng)

2. Céelleriac a=5pg/ml b=1,66 pg/ml ¢=0,553 pg/ml d=0,184 pg/ml €=0.061 pg/ml
(well 0.250ug ) | (well 83.33ng) (well 27.77ng ) | (well 9,26 ng) | (well 3.09 ng)

3. Carrot a=5pg/ml b=1,66 pg/ml ¢=0,553 pg/ml d=0,184 pg/mi €=0.061 pg/ml
(well 0.250pg ) | (well 83.33 ng) (well 27.77 ng ) | (well 9,26 ng) | (well 3.09 ng)

4. Pardey a=5pg/ml b=1,66 pg/ml ¢=0,553 pg/ml d=0,184 pg/mi €=0.061 pg/ml
(well 0.250ug ) | (well 83.33ng) (well 27.77ng ) | (well 9,26 ng) | (well 3.09 ng)

Detection antibody: antiApil-2 Biotin O4g/ml (well 0.025ug), Streptavidin conjugated HRP:
0, 5ug/ml (well 0.025u9)

In a series of experiments it was visible that $amdwich-ELISA (Fig.: 4.27) could
clearly detect the recombinant Api g 1. All coloedtric reactions that were 3 X
stronger than the reaction of carrot in the SandvdtISA were deemed to be
positive. It was obvious that the system could wheiige the allergen protein Api g 1
nevertheless Api g 1 in its native form into cederprotein extract was not detectable
by this method.

4.6 Binding reactivity of antiApil-2Biotin with cetiac and tenfold higher
concentration of carrot and parsley

The biotinilated antibody antiApil-2 was used atrahirect-Elisa test in order to seek
out if the purified antibody can distinguish betweseleriac and carrot/parsley when
tenfold higher concentration of the latter was agaplin a real situation of prepacked
food the cross reacting ingredients carrot andl@arare mostly present in higher
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concentrations as celery. Therefore tests wereguedi to examine if higher
concentrations can influence the outcome. All assagre carried out in triplicate.
The negative control samples included all the eegstexcept the antigen. At Fig.4.28
the results are presented.

W negativ control
2.500 1

2.000
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Fig.4.28: Indirect-ELISA: Reaction of :

1.Apigl a=1pg/ml b=0.333ug/ml ¢=0,111 pg/ml d=37 ng/ml e=12.33 ng/ml
(well 0.05pg ) (well 16,666 ng) | (well 5.555ng) | (well 1,852 ng) | (well 0.617 ng)
2. Céelleriac a=5pg/ml b=1,66 pg/mil ¢=0,553 pg/ml d=0,184 pg/ml €=0.061 pg/ml
(well 0.250ug ) | (well 83.33ng) (well 27.77ng ) | (well 9,26 ng) | (well 3.09 ng)
3. Carrot a=50 pg/ml b=16.6 pg/ml ¢=5.53 pg/ml d=1.84 pg/ml e=0.61 pg/ml
(well 2.50pg ) (well 0.833ug ) (well 0.277ug ) | (well92.6 ng) | (well 30.09 ng)
4. Pardey a=50 pg/ml b=16.6 pg/ml ¢=5.53 pg/ml d=0,1.84 pg/ml | e=0.61 pg/mil
(well 2.50pg ) (well 0.833 pug ) (well 0.277ug ) | (well92.6 ng) | (well 30.09 ng)

with antiApil-2Biotin 0.5ug/ml(well 0.025uQ)

and HRP Streptavidin Oyg/ml (well 0.025u9)

The results showed that high concentration of ¢4B0ug/ml) influences the results
in such a manner that it is not possible to distisiy between celeriac and carrot.
Parsley didn’t seem to interfere.

4.7 Immunoblotting to define cross reactivity

After having tested the biotinylated antibody amiix2, the remaining aim was to
identify a purified antibody that does not showssageactivity to carrot. For this
reason immunoblots were performed. Celeriac anebtprotein extract were applied
onto a 12% SDS Gel. All possible antibodies from fiinst and second immunization
were checked. The results are shown in Fig.: 4.20:4
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Fig.4.29: Western Blot:

A) Celeriac 2mg/ml (Slot 3@) B) Carrot 2mg/ml (Slot 3@) M): Marker
with Api g 1 specific antibodies gained after Pigafion on HYDRA-Api g 1
immunoaffinity column

7p: Binding antibody: purified antibody from arahv: 1pg/mi
9p: Binding antibody: purified antibody from arah®: 1pg/ml
10p: Binding antibody: purified antibody from anini®: 1ug/ml
11p: Binding antibody: purified antibody from anilia.: 1 pg/mi
12p: Binding antibody: purified antibody from aniimi2: 1ug/ml
Detection antibody: goat aRabbit-AP 1:1000
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Fig.4.30: Western Blot:

A) Apigl 2mg/ml (Slot 3Qg) B) Celeriac 2mg/ml (Slot 3@)
C) Carrot 2mg/ml (Slot 3@Qy) M) Marker

with

1-1: Binding antibody: Serum Apil-1 1:1000

1-2: Binding antibody: Serum Apil-2 1:1000

2-1: Binding antibody: Serum Api2-1 1:1000

2-2: Binding antibody: Serum Api2-2 1:1000

Detection antibody: goat aRabbit-AP 1:1000
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Next to celery’'s Api g 1 protein, all the antibasli?'om the first immunization seem
to detect only one carrot protein, the DauC1l wigakie the characteristic Band at 16
kDa. At the Figures 4.29 and 4.30 the correspon@iagds are marked by an arrow.
From the second group of immunization the favorakdea-antibody antiApil-2
showed affinity to carrot’s protein, a fact thatswedready known from the previous
ELISA results. Sera-antibodies gained after immatian with peptide 1-1 and 2-1
from the Api g 1.01 and Api g 1.02 protein sequenegpectively didn't show the
characteristic DauC1l band, while sera-antibody eghifrom the immunization with
peptide 2-2 of the Api g 1.02 didn’t show domin&ainds at all.

4.8 Purification of Sera-antibodies by celery sii@cross reactivity

With the purpose of gaining antibodies that arecgpefor celery but not cross
reacting with the DauC1 of carrot as well as slgdbr a Sandwich-ELISA , a new
affinity matrix was prepared. NHS-activated sepbarwas incubated with a celeriac
protein extraction in order to get immobilized orke column. Sera-antibodies of
Animal Nr.1, 4, 5, 6, 7, 8, were purified onto tlieislumn. The purification procedure
is described in 3.5.7. 12% SDS-PAGE Electrophoneais performed in order to find
the fractions which contained the purified antilesdiln Fig. 4.31-4.35 the selected
fractions are bold labeled.

30

S

M Flowthr. Wash Fr.Er.2Fr3 Fr.4Fr.5 M Flowthr/Wash/Fr.1/Fr.H®r .3/Fr .4/Fr .5/Fr.6
Animal 1 Animal 6

Fig.4.31: SDS-PAGE 12% after an affinity chromatg@ty to check which fragments include the celeriac
specific antibodieg(M:Marker, Flowthr:Flowthrough, Fr: Fraction)
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Fig.4.32: SDS-PAGE 12% after an affinity chromatgry to check which fragments
include the celeriac specific antibodies. (M:Markéowthr:Flowthrough, Fr: Fraction)
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Fig.4.33: SDS-PAGE 12% after an affinity chromatqary to check which fragments
include the celeriac specific antibodies (M:Markégwthr:Flowthrough, Fr: Fraction)
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Fig.4.34: SDS-PAGE 12% after an affinity chromatggry to check which fragments
include the celeriac specific antibodies. (M:Markdowthr:Flowthrough, Fr: Fraction)
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Fig.4.35: SDS-PAGE 12% after an affinity chromatq@ry to check which fragments
include the celeriac specific antibodies. (M:Markdowthr:Flowthrough, Fr: Fraction)

The celeriac specific antibodies of each animalewfarther pooled, dialyzed against
PBS and the protein concentration was determin€Da280 nm.

4.9 Examination of the binding ability of the céerspecific antibodies

In order to proof the binding ability of the anties gained after the procedure
described above (4.8), Indirect-ELISA tests werefggmed. Antigen recombinant
protein Api g 1, celeriac, carrot, parsley protekiract were tested. All assays were
carried out in duplicate. The negative control ssmcluded all the reactants except
the antigen. The results are presented at Fig.4.36.
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Fig.4.36: Indirect-ELISA:

Antigen

1.Apigl a=1ug/ml b=0.333pug/ml ¢=0,111 pg/mi d=37 ng/ml €=12.33 ng/ml
(well 0.05ug ) (well 16,666 ng) | (well 5.555ng) | (well 1,852 ng) | (well 0.617 ng)

2. Céelleriac a=5 ug/ml b=1,66 png/ml ¢=0,553 pg/ml d=0,184 pg/ml €=0.061 pg/ml
(well 0.250ug ) | (well 83.33 ng) (well 27.77 ng ) | (well 9,26 ng) | (well 3.09 ng)

3. Carrot a=5ug/ml b=1,66 png/ml ¢=0,553 pg/ml d=0,184 pg/ml e=0.061 pg/ml
(well 0.250upg ) | (well 83.33 ng) (well 27.77 ng) | (well 9,26 ng) | (well 3.09 ng)

4. Pardey a=5ug/ml b=1,66 pg/ml ¢=0,553 pg/ml d=0,184 pg/ml €=0.061 pg/ml
(well 0.250ug ) | (well 83.33ng) (well 27.77 ng ) | (well 9,26 ng) | (well 3.09 ng)

Binding antibody: Antibody (1ug/ml: well 0.05ug ), gained after purification ontosaphar ose-celeriac

chromatography column from
1: Animal 1, 4: Animal 4, 5: Animal 5
6: Animal 6, 7: Animal 7, 8: Animal 8

Detection Antibody: goat aRabbitHRP 1:20.000
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The purified antibodies of animals Nr.1, Nr.4, Nr8r.6, Nr.8 showed a high
reactivity to all their binding partners excepttb@ protein Api g 1. Antibodies from
Animal Nr.7 showed low signals at all. The antiexliwere further tested by
immunobloting. The results are shown in the follogvFig.4.37.

1 4 5 6 7 8
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Fig.4.37: Western Blot:

A) Celeriac 2mg/ml (Slot:3Qg) B) Carrot 2mg/ml (Slot:30g)

with celeriac specific antibodies gained after feation on NHS-sepharose-coupled with celeriadgiro
extract

: Binding antibody: from Animal 1, y/ml
: Binding antibody: from Animal 4, y/mi
: Binding antibody: from Animal 5,py/ml
: Binding antibody: from Animal 6,uy/ml
: Binding antibody: from Animal 7,uy/ml
: Binding antibody: from Animal 8,uy/ml
etecting antibody: goat aRabbit-AP 1:1000

UoO~NoUONPR

The immunoblots gave evidence that the antibodagdcbind with many celeriac
proteins but also cross reacted with many carroteps, a fact that makes them
unfavourable as captured antibodies in a SandwidBA system.

58



5. Discussion

The characterization of antibodies gained from itheunization of rabbits regarding
their ability to bind with celery and the Api g fogein was the subject of this thesis. The
results, the possible application of gained antém@nd future works that have to be
done are discussed in this chapter.

5.1 Binding capacity of sera and purified-antibediewith
celeriac/recombinant protein Api g 1 by the IndEEISA method

After the immunization and the Api g 1 specificimaity chromatography, the immune
sera and the specific antibodies were tested aicgptd their ability to bind with

celeriac protein extract and recombinant protein ¢@d. The Indirect-ELISA tests
that were performed for this reason, confirmed acsssful immunization and
purification of Api g 1 specific antibodies fromettsera. Both could bind with the
recombinant Protein Api g 1 and also with the gateprotein extract.

The different tendencies of the antibodies that beein observed are in accordance
with the expectations. Animals Nr. 9/10, 11/12 werenunized with recombinant
Api g 1 protein (see Table 4.1 in section 4.1.2) avith a peptide mixture, that
contained parts of the Api g 1 protein sequencspeetively. Therefore their
antibodies should be specific against these argiged should show a higher binding
capacity to Api g 1 than to celeriac. On the othmend, animals Nr.1, 4, 5, 6, 7, and 8,
immunized against total celeriac extracts shouldrespond stronger to their
immunogen. Therefore their higher signals with gatecompared with the allergen
protein Api g 1 were explainable and expected.

5.2 Examination of the specifity of sera and pedfantibodies by
Immunoblotting

The antibodies that were purified with an Api g firety column as well as the
corresponding crude sera, when tested by immortoigoin order to estimate their
specific binding affinity to Api g 1l-protein and tceleriac proteins respectively
showed dominantly a band at 15 kDa. This was irom@ance with the literature as
the Api g 1 migrates as a single band with a mdéecweight of 15 kDE®. The
recombinant Api g 1 protein carried a His-tag whish the reason why the
characteristic band occurred higher in the gelyadol6 kDa) than the native Apig 1
protein in celeriac.

In certain cases the purified antibodies showed Ibands in the Api g 1 samples
which might be a sign of impurities in the extratthe recombinant protein. The
corresponding immune sera as expected were nopeasfis and showed binding
affinity to many other proteins of celeriac extract

When comparing the Western Blot of purified antiypdebm animal Nr. 7 with those

of animals Nr.9/10, Nr.11/12 there was in line witle ELISA experiment described
above, a difference in the bands” pattern to olesdriris might be due to the different
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immunization agents used, celeriac extract, Api-grdtein or a Api g 1 specific
peptide mixture respectively.

Sera of the second group of immunization, cleaglenled the bands that correspond
to the Api g 1 protein without binding preferenoeother proteins. Sera of antiApil-2
showed a high binding capacity and preference rtid Bpecifically with the Api g 1
and for this reason it had been chosen as deteaitimody.

5.3 The cross reactivity of the antibody antiApBik&#in

According to the literatur®, the protein sequence of the Api g 1-protein sh8t
identity to the carrot’s major allergen DauC1 ahé@o two PR-proteins in parsley.
The results of the Indirect-ELISA test to examihe tross-reactivity of the antiApil-
2Biotin with carrot and parsley, shown in Fig.:4.fHave evidence that the antibody
possesses a clear binding preference to celerthéping 1-protein and does not cross
react with other proteins of similar plants. At timétial and equal concentration of
5 ng/ml for celeriac, carrot, parsley, the antibodyiApil-2Biotin showed five times
higher signals to celeriac than to carrot. When mammg the signals with those of
parsley they were 12 times higher. Therefore ar dé@gerentiation might be possible
and this antibody was selected for further expentsén Sandwich-ELISA systems.

5.4 Establishment of a Sandwich-ELISA system wdleigac

The results of the pretest with recombinant protdm g 1 revealed that the
concentration of antibody antiApil-2Biotin was raftimportance (Fig.4.17-4.26). A
variation of its concentration gave equally higlgnsils. On the contrary the
concentration of StreptavidinHRP was very significaHigh levels of 1ug/mi
StreptavidinHRP were related with high backgrouedctivity. The concentration of
0,5 ng/ml StreptavidinHRP was therefore chosen. Alsthat stage of experiments
some capture antibodies were selected as they lggbher signals. Antibodies of
Animal Nr. 9, 10, 11 showed the best results. Tpiénwal conditions for a functional
Sandwich-ELISA system to determine Api g 1 werecsssfully established and
selected for further experiments with celery.

In a series of experiments, with celery as antigenpbserve was that the system
could not determine Api g 1 in its native form irtdeleriac protein extract (Fig. 4.27).
An explanation for the above result might be tHa tinear epitopes, used for
immunization, gave immune reagents detecting tloéebally expressed recombinant
Api g 1 in a perfect way, however the native protallergen present in the celeriac
extract might be folded in such a manner thatpisope was not available for binding
with the antibodies used in the Sandwich-ELISA eyst

5.5 Evaluation of Indirect-ELISA

A system based on a Sandwich-ELISA would be oftgrearest as it would be more
stable and specific as the Indirect-ELISA. Howewath the given tools it was not
possible to establish a celery specific SandwichSBAL system. Therefore the
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applications of a detection kit based on an indisgstem were further examined. In a
real situation of prepacked food the cross readtuggedients carrot and parsley are
mostly present in higher concentration as celerythis regard tests were designed to
check if higher concentrations of other cross iaganhgredients influence the result.
Celeriac was applied onto the plate at a conceotradf 5 pg/ml but carrot and
parsley were added at concentrations ofignl.

In this setting the Indirect-ELISA showed that Hibody antiApil-2Biotin strongly
reacted to carrot immobilized in high concentratiohherefore such a test would not
distinguish between celeriac and carrot. In contitaes antibody didn’t show binding
to parsley.

In a further series of experiments performing imohlots, all the antibodies were
tested in order to obtain an image of the number tae identity of the proteins in
carrot that cross-reacted (Fig.:4.7-4.14). As alltesll the antibodies showed a
specific band with an apparent MW of 16 kDa in caextracts which corresponds to
the DauCl protein, the major carrot allergen adogrdto the literature!.
Concluding, all the antibodies seem to recognizgdes the reactivity with celery’s
Api g 1 protein, only one carrot protein, the DauC1

Investigating the antibodies of the second groupinmiunization, gained from
animals immunized with peptides parts of the Apl.§1 and of the Api g 1.02
protein, one could clearly make out that they shibdiéferent results in immunoblots.
In detail antiApil-1 showed only reactivity withelrecombinant Api g 1 protein and
no reactivity with celeriac and carrot. The resulere in accordance with the
expectations. Based on information from databatties,peptide (aa 1-12) from the
Api g 1.01 sequence, shows only slight similariby darrot’s protein DauCl (data
shown at Annex 10). Therefore the sera-antibodgeghafter immunization with this
immunogen didn’t show a reaction with carrot’s piextract.

AntiApil-2 showed a full range of bands, showingatévity with the Api gl-protein,
with celeriac and carrot protein extract. This tesuin accordance with the results of
the Indirect-ELISA test where antiApil-2 bound tarot when high amounts were
used.

In Annex 10 it is shown that the peptide (aal21}1#46m the Api g 1.01 protein
sequence has high similarity to carrots Protein@aand to some parsley's proteins
(PR Family). This explains the immunoblot resultsichh revealed the characteristic
bands with Api g 1 protein, with celeriac and caputein extract.

AntiApi2-1 antibody showed only reactivity with th&pi g 1-protein and celeriac.
The peptide (aall-31) part of the Apigl.201 protsirows less similarity to carrot's,
and parsley's protein (data shown at Annex 10)s Thiin agreement with the
immunoblot results which showed the correspondiagdbwith recombinant protein
Api g 1, with celeriac but no band with carrot.

AntiApi2-2 gave slight bands barely detectable vAfh g 1 and celeriac.( Fig.:4.14)
One possible explanation of this slight reactiothesimmunoglobulin”s concentration
which might have been too low.
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5.6 Purification of antibodies

In order to purify celery specific antibodies, cgl@roteins were immobilized onto
NHS-activated-sepharose. Sera of six animals (Ahimatl, 5, 6, 7, 8) immunized
with celery extract in different variations (seeblea3.1) were purified. The gained
antibodies were further tested by Indirect-ELISAarder to find out their binding
capacities to Api g 1- Protein, to celeriac, caant parsley. All of them showed a
high reactivity to all their binding partners extdp the protein Api g 1. This is
explainable once they were specifically immunizedhwcelery. However these
antibodies do not show specific reactivity to cgléerherefore although their overall
high binding capacity, they couldn't be used astwapantibody in a Sandwich-
ELISA test because of a lack of celery specific®erforming immunoblots with
these antibodies a wide spectrum of bands in eelezktract was observed, which
was expectable (Fig.:4.37). However they showerbadbanding pattern with carrot
as well which is not favourable. For future expets it should be examined if these
antibodies may have further functions than actirsg capture antibodies. Their
application as detection antibodies will be consde

5.7 Future prospects

Celery and carrot contain several proteins with-bgiding activities. Their allergenic
potential as well as biochemical and molecular atiristics have been reported in a
number of publications, and can be found in protiEtabases. The major allergen of
celeriac is the Api g 1, representing 20% of thaltmass of celeriac protein content
which might be the reason of it being well charazesl and a good candidate for
experimental investigation. However its proteinwgame shows many similarities to
other plant proteins, which increases the riskross reactions when immuno-tests
are performed.

One of the future goals is to define regions of ghetein sequence where the amino
acid sequence doesn’'t have strong similarities \liise of other allergens. The
second group of immunization with different pepsidparts of the Api g 1 sequence
gave results going in such a direction.

Using the peptide (aall-31) part of the Api g 1.p@dtein as immunogen the sera-
antibody gained showed less reactivity with Api gatd celeriac compared to
antiApil-2 antibody during Indirect-ELISA experintsr{Fig4.6a-4.6b) According to
databank’s information its amino acid sequence @mpn, shows less similarity to
carrot's, and parsley's protein. The immunoblotsdtba band with Api g 1, one with
celeriac but no band with carrot (Fig.4.30). Basad this result some new
experiments would be of interest, using this amtb@s a capture antibody in
Sandwich-ELISA systems

According to the Databanks, the sequence of pefad@21-138) of the Apigl.02
protein, shows neither similarity with parsley @arproteins) nor to carrot (protein
DauC1) nor to celeriac's protein Api g 1.01 (Anri€). Indirect-ELISA results did
not show signals as strong as the results withptiegious antibodies. Immunoblot
gave only very slight bands with Api g 1 and neambyreactivity with celeriac. This
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could be due to a too low antibody concentratiam.this case increasing the
antibody’s concentration might lead to more satigfydata. Another strategy could
be to start new immunization with peptides discniating stronger between celery
allergen and corresponding proteins from relatehtgl In this regard it might be
helpful to immunize other animal species than rahbwvhich were used solely in
these experiments, since the diet of rabbits ireckelery and therefore they might not
be able to produce large amounts of antibodiesiagtdiese immunogens.

In this project antiApil-2 was chosen to serve etector antibody. It was however
not possible to establish a celery specific SanlkkiECISA with this antibody. In this
regard it might be possible that another candidetigbody that has already been
gained in these immunizations may give a more §ipeeisult without cross reacting
with carrot.

Also the fact that the Api g 1 protein is a theraorstable protein which might be not
detectable in processed food has to be considéecbrding to this information
immunization with another celeriac major allergeas o be taken into account. In
that case a small peptide of the protein sequemm@isg no or just little homology to
other plant proteins has to be defined.

5.8 Application of antiApil-2 antibody

The antibody antiApil-2Biotin which was gained aftidae purification with an
antigen affinity column showed high affinity to eahc. However, as a critical point,
it was observed that this antibody showed a prooedircross reactivity with carrot at
higher concentrations similar to those as theypaesent in food and spices. Parsley
would not cause cross-reactivity problems and tsohanportant relevance.

The aim of the project was the development of desyswhich specifically detects
celery protein in multi-component foods. In the gmece of carrot at high

concentrations such a test would not be able tcifspaly detect celery. The

applicability of such a test is therefore momemalimited to the prescreening of
food products, however it cannot distinguish betwearrot and celery in these
products. In this regard positive results woulddcheebe confirmed by methods such
as PCR. Tests based on this antibody could beeapii food products in which

carrot is definitely not included such as marinadesneat.

The Indirect-Elisa with the antibody antiApil-2Biotcould be effectively employed
to monitor the performance of industrial cleanimggedures of manufacturers dealing
with celery products. The cleaning process in r@darcontaminations of follow-up
products is a very important step. The last waskilgtion should be free of celery
traces and show no reactivity with the antiApilEXen if the products have high
concentration of carrot, the final washing watestrhe free of detectable traces, to be
sure not having celery contamination.
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6. SUmmary

The increasing number of people suffering from stpmys related to food allergies
and the EFSA Directive 2007/68/EC makes Europeanufaaturers sceptical about
the allergen-management politics they have to Walldhis lead some companies to
include expensive and complicated detection methotts their routine analysis,
while others turned to the over labelling of theioducts. Celery is one of the foods
that causes allergy, especially in central Europd & according to the above
Directive labelling obligatory. In the present sition some PCR methods have been
developed for the detection of celery allergensmimological detection methods,
which are very common in food allergen detecticayennot yet been developed for
celery.

In the work presented, the aim was to establish sudetection system. In this regard
rabbits were immunized in two different schemewiifferent immunization agents.
Celery raw material, celery protein extract, recoraht celery allergen Api g 1,
individual Api g 1.01 and Api g 1.02 specific pefas as well as an immunogenic Api
g 1 specific peptide mix, were used to immunize thkbits and to get specific
antibodies against the immunogens. The antisereeddiy these immunizations, were
subjected to immunoaffinity purification using imbiized Api g 1 protein.

These purified polyclonal antibodies showed a gbouting ability according to

results from Indirect-ELISA assays, which were Hert confirmed by

immunoblotting. The Western Blots revealed a domirzand at 15 kDa in celeriac
protein extracts and at 16 kDa with recombinant 4pl due to its His-tag. Sera-
antibodies were not specific. One of the purifieditaodies (antiApil-2), which was
obtained by immunization with the peptide aal21;#0t of the Api g 1.01 protein,
got conjugated with Biotin in order to be used etedtion antibody.

Some allergens show cross reactivity with othentpfaroteins due to their protein
sequence homology. In order to check if the abmiaegl and conjugated antibody
showed such a tendency, ELISA tests were perforwidd equal concentrations of
celeriac, carrot, and parsley protein extracts. Iéarc differentiation was possible
showing the specificity of the antibody. In orderdstablish a Sandwich-ELISA this
antibody was combined with antibodies from the tfilmmunization scheme,
especially with the sera from animals 9/10 (immedizvith recombinant Api g 1) and
animals 11/12 (immunized with the Api g 1 specflieptide mix) acting as capture
agents. Firstly the antigen recombinant protein g\fi was tested. In a second step a
Sandwich-ELISA test with celeriac protein extra@saexamined. During the course
of the project it got obvious that the Sandwich-EAlestablished in that way was
able to detect the recombinant Api g 1 protein djgeand sensitive but not the native
Api g 1 protein present in celery extract.

In order to understand how the Indirect-ELISA-testh the biotinilated antibody
antiApil-2 would work, in systems which carrot’sdguarsley’s concentration were
high, further tests were performed. At a 10-foldh@r concentration of carrot and
parsley protein extracts (50g/ml), this antibody showed a high degree of cross
reactivity, a fact that would be problematic in aulicomponent food. By
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immunoblots it could be shown that the only intarfg factor was a protein at 16 kDa
which corresponds to DauC1, the major protein gélerin carrot.

To gain antibodies that could be used to estalalistable Sandwich-ELISA, antisera
of animals 1, 4, 5, 6, 7, 8, were subjected tofmation with sepharose on which
whole celery protein was immobilized. These animaisre immunized against
celeriac. During Indirect-ELISA-tests they showea@sd reactivity towards
recombinant Api g 1, high reactivity towards celgmptein but also against carrot
protein. Performing immunoblotting these antibod&sowed complex banding
patterns in celery and carrot extracts and theeefould not be used as specific agents
in Sandwich-ELISAs because of their obvious lowcspaty.

Summarizing the results, one can conclude thaathiody antiApil-2 as shown in
an Indirect-ELISA test could have some applicatidhe detection of celery in a
multicomponent food with high concentrations ofroairwould not have a reliable
specificity. Therefore this antibody might be uded complex foods that do not
include carrot. In addition it would be useful taaenine if the system can be
applicable in the cleaning procedure of the foatusiry. Traces of detectable celery,
even carrot, would indicate insufficient cleaningdawould help manufacturers to
optimize their validations and plan their cleangtgps more effectively.

In the future, improvements could be made by nemumization schemes. In order to
minimize cross reactivity, new peptides of the gati's protein sequence, which do
not have high sequence homology with other plaotgms, have to be carefully

selected and used as immunization agents. Moreibveinould be considered to

immunize animal species which would correspond wailh extensive immune

response towards these celery allergens. New alib@ould be combined with the
already gained antibodies in order to establisimgmmoved Sandwich-ELISA test.
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7. Annex

Annex 1

‘ANNEX [la

Ingredients referred to in Article 6(3a), (10) and (11)

1. Cereals containing gluten (ie. wheat, rye, barley, oats, spelt, kamut or their hybridised strains) and products thereof,
except:

(a) wheat-based glucose syrups including dextrose (');
(b) wheat-based maltodextrins (!);
(c) glucose syrups based on barley;

(d) cereals used for making distillates or ethyl alcohol of agricultural origin for spirit drinks and other alcoholic
beverages.

2. Crustaceans and products thereof.

3. Eggs and products thereof.

4, Fish and products thereof, except:
(@) fish gelatine used as carrier for vitamin or carotenoid preparations;
(b) fish gelatine or Isinglass used as fining agent in beer and wine,

5. Peanuts and products thereof.

6. Soybeans and products thereof, except:
(a) fully refined soybean oil and fat (1);

(b) natural mixed tocopherols (E306), natural D-alpha tocopherol, natural D-alpha tocopherol acetate, natural
D-alpha tocopherol succinate from soybean sources;

(c) vegetable oils derived phytosterols and phytosterol esters from soybean sources;

(d) plant stanol ester produced from vegetable oil sterols from soybean sources.
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7. Milk and products thereof (including lactose), except:

(a) whey used for making distillates or ethyl alcohol of agricultural origin for spirit drinks and other alcoholic
beverages;

(b) lactitol.

8. Nuts, ie. almonds (Amygdalus communis L), hazelnuts (Corylus avellana), walnuts (Juglans regia), cashews (Anacardium
occidentale), pecan nuts (Carya illinoiesis (Wangenh.) K. Koch), Brazil nuts (Bertholletia excelsa), pistachio nuts (Pistacia
vera), macadamia nuts and Queensland nuts (Macadamia terifolia), and products thereof, except:

(a) nuts used for making distillates or ethyl alcohol of agricultural origin for spirit drinks and other alcoholic
beverages.

9. Celery and products thereof, p—r

10. Mustard and products thereof.

11. Sesame seeds and products thereof,

12. Sulphur dioxide and sulphites at concentrations of more than 10 mgfkg or 10 mgllitre expressed as SO,.
13. Lupin and products thereof.

14. Molluscs and products thereof’
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Annex 2

Protein sequences of Api g1.01 and Api g ¥z

10 20 30 a0 50 60
MGVQTHVLEL TSSVSAEKIF QGFVIDVDTV LPKAAPGAYK SVEIKGDGGP GTLKIITLED
70 20 a0 100 110 120

GGPITIMTLR IDGVNKEALT FDYSVIDGDI LLGFIESIEN HVVLVETADG GSICKITAIF

130 140 150
HTKGDAVVEE ENIKYANEQN TALFKALEAY LIAN

10 0 30 10 50 ]

2
MGVQETVVEA PSTVSAEEMY QGFLLOMDTV FPEVLPQLIK SVEILEGDGG VEIVELVHLG

70 g0 ag 100 110 120
EATEYTTMKQ KVDVIDKAGL AYTYTTIGGD ILVDVLESVV NEFVVVETDG GCIVENITIY

130 140 150
NTKGDAVLEE DKIKEATEKS ALAFKAVEAY LLANLQFLA
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Annex 3:

The secondary structure of the Api g 1581

] Chain 1-154 154 Major allergen Api g 1 PRO_0000154172

Secondary structure

H 1
Helix  Strand || Tum
Details...
Beta strand J-14 12
Helix 16-23 8 -
Helix 7-34 8 —
Helix 36-38 3 —
Beta strand 40 - 4% 10
Beta strand E3-47 5
Beta strand 66 - 75 10
Turn 7679 4 t
Beta strand g0 - a5 9
Helix 89 - 91 3
Turn 92 -94 3 1

Beta strand 95 - 106 12
Beta strand 112 -123 12 - &
Helix 130 - 153 24
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Annex 4

Protein sequence of Api g 26

MGVSKVAI AVAVM.WWVI NHPAVWEGL TCCQVTCKL GECLGYL Apl g
KGGGYPSPACCGCGVKGELNSLAKTPADRKQACACLKTLAGSVKAE NYGAA 2.01
SALPGKCA RI PYPI SPSTDCSRVN
Protein sequence of Api g 3.5¢
10 20 30 a0 50 &0
MARSTMAT.SS PALAGEAVEYV APSSSELFGN GEVSMEEIVE APVSDSPWYG PDEVEYLGEF
70 80 a0 100 110 120
SGEAPSYLTG EFPGDYGWDT AGLSADPETF ABNRELEVIH SEWAMLGALG CVEFPELLARN
130 140 150 160 170 120 | Api g
GVEFGEAVWE KAGSQIFSEG GLDYLGNPSL VHAQSILSIW ATOVILMGAV EGYEVAGGFL 3(31
190 200 210 220 230 240
GEIVDPLYP: GSFDPLGLAE DPERSAELEV EELENG i FSMEGFEVQA IVIGHEGPLEN
250 260
LADHLADEVN NMNAWAFATNE VEGE
Protein sequence of Api g 4.61
10 20 30 a0 s0 60
MSWQAYVDDH ILMCEVEGNEG QILTARATIG HDGSVWAQSS TFPQIKFEEI AGIMEDFDEFR /\pi g
70 80 90 100 110 120 | 4.01
GHLAPTGLYL GGAEKYMVIQG EPNAVIRGEE GSGEVIIEKT GRALVFGVYID EPVIPGEQCHWV
130
IVERLGDYLI DQGL
Protein sequence of Api g 5.5
10 20 30 10 50 &0
LENESGFVIC LSSISKESVYI PAINLEAVIA DEVRAETAVVD AGATLGEVYY XIIYRRVLWWV /\pi g
70 &0 501

GNTTQELEWI

RSLH?YQSSE FEFF34
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Annex 5

Similarities of Api g 1.01 with other major foodexigend™”

Status

Protein names

Major allergen Apig 1

Major allergen Dau c 1
Pathogenesis-related protein
PRP-like protein

PRP-like protein

PRP-like protein

PRP-like protein
Pathogenesis-related protein

Pathogenesis-related protein-like
protein 1

PRP-like protein
PRP-like protein
PRP-like protein

Pathogenesis-related protein-like
protein 2

Pathogenesis-related protein B
Pathogenesis-related protein A

Pathogenesis-related protein 1

PR10-3

PR10-1

Ribonuclease 1

PR10-2

Pathogensis-related protein 10
Putative uncharacterized protein
Ribonuclease 2

Major allergen Api g 2

Putative uncharacterized protein

Pathogenesis-related protein 2

Organism

Apium graveolens (Celery)
Daucus carota (Carrot)
Daucus carota (Carrot)
Daucus carota (Carrot)
Daucus carota (Carrot)
Daucus carota (Carrot)
Daucus carota (Carrot)

Pimpinella brachycarpa
Daucus carota (Carrot)

Daucus carota (Carrot)
Daucus carota (Carrot)

Daucus carota (Carrot)
Daucus carota (Carrot)

Petroselinum crispum (Parsley)
(Petroselinum hortense)

Petroselinum crispum (Parsley)
(Petroselinum hortense)

Petroselinum crispum (Parsley)
(Petroselinum hortense)

Panax ginseng (Korean ginseng)
Panax ginseng (Korean ginseng)
Panax ginseng (Korean ginseng)
Panax ginseng (Korean ginseng)
Panax ginseng (Korean ginseng)
Vitis vinifera (Grape)

Panax ginseng (Korean ginseng)
Apium graveolens (Celery)

Vitis vinifera (Grape)

Petroselinum crispum (Parsley)
(Petroselinum hortense)

Length Identity” Score E-value™
154 100.0% 780 3.0=10-81
1654 81.0% BR2 2.0=10-88
154 79.0% 641 3.0=10-85
1684 75.0% 627 1.0=10-82
1654 75.0% 625 2.0=10-82
1684 75.0% 623 4.0=10-82
1654 75.0% 621 7.0=10-82
164 T7.0% 617 2.0=10-62
164 75.0% 615 4.0=x1082
154 74.0% 606 4.0=x10-81
1654 T4.0% 602 1.0=10-80
154 74.0% 600 2.0=x10-20
154 71.0% 597 4.0=10-%80
166 61.0% 497 2 0=10-48
1685 61.0% 496 2.0=10-48
185 60.0% 489 1.0=1047
154 57.0% 444 2 0=10-42
165 E6.0% 442 4.0=10-42
154 56.0% 437 2.0=x1041
1654 R3.0% 407 5.0x10-28
164 R40% 407 5.0x10-28
195 50.0% 403 1.0x10-27
1653 R3.0% 402 2.0x1027
169 R2.0% 402 2.0x10-27
159 50.0% 399 4.0=10-37
158 51.0% 394 2.0x10-38

Homology of protein sequence of Api g 1with PaysdeProtein PR1-3

a0

61

MEVOTHVLELTSSVSAEKT FOGFVIDVDTVLPKRAPGAYKSVE - TKGDGEFGILKI ITLE
+E T55VSREK+F+z +D+DT+LE+ PGA K5 E ++GDGG GI+E++ L
MEVQKSEVERT SSVSAEKT.FEGL.CLOI DT L.LPRVL.PGATKSSET LEGDGEVEIVELVHLG

MGVQ

DEGEITTMTLRIDGVNKEALTFOY SVIDGDILL.GFTESTENHVVI.VETADGGSICKTTAT
T+ YS+IDGDILLGFIEST NH
DA S PFRTME KVDATDKRTFTY S¥ST IDGDILI.GFTESTNNHF TAVENADGGCTVESTIT

D B TH ++D +HK

VE RADGG

E+T I

Homology of protein sequence of Api g 1 with PaysdeProtein PR1-1

MGV THVLELTSSVSAEK I FOGFVIDVDTVLEKA R PGAYKSVE- IKGDGGFGTLKIITLE
+E TS5VSAEH+F+H: +D+DT+LE+ PGA K5 E ++GDG6G6 GT+H++ L
MGV SEVETTSSVSAEKL.FEGLCLDI DT LLEP]VLPGATIKSSET LEGDGEVETVELVHLG

MEVQ

DEGPITTMILRIDGVNEEA LT FD¥ SVIDGDILLGFTESTENHVVLVETADGGSICKTITAT
T+ ¥S+IDGDILLGFIESI NH
DA SPFETME VAT KA TFTY S¥STIDGDILL.GFTESTNNHF T AWENADGGCTVESTIT

D B TM ++D ++K

Gene names

DcPRP

PR1
DcPRPlike1

DcPRPlike2

PCPR1-3

PCPR11
PCPR1-2

PR-10
VIT_0550077901600

VITISV_017149
PR2

39 P49372

60 F19418

115 P45372

120 P18413

59 P48372

FHTHEGDAVVEPEENIKYANEQNTAT.FERTEAYT.TAN
F+TEGDAVVEEENTE+AN+QN  +FER+ERYLIAN
FHTEGDAVVEPEENTIKFANDONLT I FERVERYL.TAN

VE LADGG

E+I I

134 F458372

155 F19417

60 P159417

119 P48372

120 P19417



Homology of protein sequence of Api g 1 with paySteprotein PR2

1 MGV THVLELT SSVSAEKT FOGEVIDVDT VLKA A PGAYKSVET -KGDGEFGTLETI ITLE
Mz T +E+ 55V A+ I++GF++D+D ++FK P A KS5+EI GDGG GT+H +TL
1 MGAVTTOVEVASSVEAQT IYKGEFLLOMONT TPEVLEQRAIKSTET I SGDGEAGT IREVILG

a0 DGGPITTHT LRIDGVNEEALTFDY¥SVIDGDILLGF TESTENHVVINETADGGSTCETTAT
+ T + ERID ++ EAL + ¥5+I+HED+LLG IEST + +VET DG I KT I
a6l EVSQFTVVEQRIDEIDAEATKY SYSTTEGDLLLGITESTT SEF IVVET -DEGCTVENTTT

120 FHTEGOAVVEEENTKYANEQNTALFEATEAYT.TAN 154 F43372
+  GOAV+PEEN+E A EQ+ +FEA+EAYT+HAN
120 YTPFIGDAVIPEENVEEATEQSGMVEFEATEAYL.LAN 154 B27538

Homology of protein sequence of Api g 1 with carsgirotein DauC1l

1 METHVLELT SSVSRAEKT FOGFVIDVDTVL.PERAAPGAYHSVE IKGDGGPGTLEIITLED
MG Q+H LE+TSSVSREKIF G V+DVDTV+PERAPGAYHSVE+EGDGG GT++IITLE+
1 MEAQSHSLEITSSVSRAEKTFSGIVLOVDTVI PEAAPGAYHSVEVEGDGGAGTVRIITLEE

a6l GEPITTMTLRIDGVNEEATLT FDY SVIDGDILLGF IESTENHVVLVETADGES ICKTTATF
G PIT+MT+R D VNEEALT+D +VIDGDILLGFIESIE H+V+VETADGGSI KITATF
a6l G3PITSMTIVRTDAVNKEATL.TYDSTVIDGDILLGF IESTETHLVVVETADGESITKTTATF

121 HIEGDAVVEEENTEYANEQNTALFEALEAYT.TAN 154 P43372
HTEGDAVVEEENTE+A+ QNTALFEA+EAYTL.IAN
121 HIEGDAVVEEENTEFADAONTATLFEATEAYT.TAN 154 004233

Homology of protein sequence of Api g 1 with Ap2g

1 MEVOTHVLELT SSVSAERT FQGFVIDVDTVLPRAL PGAYKSVE T -HEGDEEPGTIEI ITLE
MEVQ WV+E S+VSAEEHHQGF++IHDIV PE P EKSVEI +5DGG GI+E++ L
1 MEVOETVVEAPSTVSAERMYQGF LL.OMDTVE PEVLE(LIKSVEILEGDEEVGIVELVHLG

a0 DEEPITTMT LRI DGVHEEALTFDY SVIDGDILLGF TESTENHVVLVETADGGSICKITAT
+ ITTH +D ++K L + ¥+ I GDIL+ +E5+ N V+VPTI DG I K T I
6l EATEYTTMEQEVIVIDEAGLAYTYTT IGEGDILVDVIESVVNEFVVVET -DEGCIVENTTT

120  FHTKGDAVVEFEENIKYRNEQWTAL.FERTERYT.TAN 154 P43372
++IKGDAV+EE+ IK A E++  FER+ERYT+AN
120  YNTKGDAVLEEDKIKEATEKSATAFERVERYTIAN 154 P92918
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59 P459372

a0 P27338

119 P439372

11% P27538

a0 F439372

a0 004233

120 P439372

120 004233

59 P459372

60 P92918

115 P43372

118 Paz231s



Annex 6

Status Protein names

Major allergen Apig 2

Major allergen isoform Dau ¢
1.0201

PR10-1
Ribonuclease 1
PR10-3

Pathogenesis-related protein 2

PR10-2
Pathogensis-related protein 10

Ribonuclease 2

Pathogenesis-related protein B
Pathogenesis-related protein A

Pathogenesis-related protein 1

Major allergen Api g 1
Pathogenesis-related protein
Major allergen Pru ar 1
Major allergen Dau c 1
Pathogenesis-related protein
PRP-like protein

PRP-like protein

PRP-like protein

Bet v 1 related allergen

Pathogenesis-related protein-like
protein 2
Putative uncharacterized protein

Pathogenesis-related protein-like
protein 1

PRP-like protein

Putative uncharacterized protein

7 Cgantsm

Apium graveolens (Celery)
Daucus carota (Carrot)

Panax ginseng (Korean ginseng)
Panax ginseng (Korean ginseng)
Panax ginseng (Korean ginseng)

Petroselinum crispum (Parsley)
(Petroselinum hortense)

Panax ginseng (Korean ginseng)
Panax ginseng (Korean ginseng)
Panax ginseng (Korean ginseng)

Petroselinum crispum (Parsley)
(Petroselinum hortense)

Petroselinum crispum (Parsley)
(Petroselinum hortense)

Petroselinum crispum (Parsley)
(Petroselinum hortense)

Apium graveolens (Celery)
Pimpinella brachycarpa
Prunus armeniaca (Apricot)
Daucus carota (Carrot)
Daucus carota (Carrot)
Daucus carota (Carrot)
Daucus carota (Carrot)
Daucus carota (Carrot)

Actinidia chinensis (Kiwi) (Yangtao)
Daucus carota (Carrot)

Vitis vinifera (Grape)

Daucus carota (Carrot)

Daucus carota (Carrat)

Vitis vinifera (Grape)

73

Length
189
154
155

154
154

158

154
154
183

155
155

155

154
154
160
154
154
154
154
154
189

154
159
154

154
159

Identity Score
100.0% 792
95.0% ™
70.0% 561
70.0% 556
64.0% 523
59.0% 503
61.0% 503
62.0% 503
62.0% 498
63.0% 495
62.0% 450
56.0% 440
52.0% 402
51.0% 382
49.0% 379
50.0% 379
49.0% 379
50.0% 377
50.0% 37
50.0% 376
51.0% 375
45.0% n
48.0% 369
50.0% 368
49.0% 368
47.0% 367

Similarities of the isoform Api g 1.02 with otherjor food allergen§”

Eenlua™
1.0x10-82
9.0=10-77
7.0x10%8
20x105%
2.0x10-51
301042
3.0=10-42
3.0x10-42
1.0x10-42
3.0=10-48

1.0x10-47

7.0x10-42

2.0x10-27
4.0x10-25
B.0x10-38
B.0=10-38
B.0x10-28
1.0x10-24
1.0x10-24
2.0x10-24
2.0x10-24

7.0x10-34
1.0x10-22
2.0x10-22

2.0x10-22
2.0x10-22

Gene names

PR2

PR-10

PCPR1-3

PCPR1-1
PCPR1-2

PR1

DcPRP

ypr-10
DcPRPlike2
VIT_05s0077901660
DcPRPlike1

VITISV_025731



Homology of protein sequence of Api g 1.02 withgbay's protein PR2

al

al
121

MEVKTVVEAPSTVSAEKMY OGFLLOMDTVE PEVLPQLIKSVEILEGDEEVETVELVHLG a0 P32918

Mz T VE S5+V &+ +Y+GFLLDMD + PEVLPEQ IKS+EI+ GDGG GI+K ¥V LG

MGAVITIVEVASSVEAQT IYKEGFLLDMONT TFEVLEPQATKSIETIT SGDGEAGT IKEVILG 60 P27538

EATE¥TTMRQEVDVIDKAGLAYTYTTIGEDILVDVLESVVNEFVVVEIDGECIVENTITIY 120 Po92913

E +++T +EQ++D ID L ¥+¥+ I GIHL+ ++ES5+ ++F VWEIDGGCIVENTITIIY
EVSQFIVVEQRIDEIDARATLKYSYSTTEGDLLI.GT IESTT SKFTWVETDGGCIVENTTIIY

NIKGDAVLPEDHKIKEATEKSATAFERAVEAYLIAN 154 P32918
GDAV+PE+ +HEATE+S + FERA+EAYLLAN

120 P27538

Homology of protein sequence of Api g 1.02 withgbay's protein PR1-3

a6l

a6l
120

121

MEHTVVERAPSTVSAERMY QG FLLDMDTVE FEVLEQLIKSVE ILEGDGEVETVELVHLG
MEVOE+ VER S+VSAEE+++5 LIDHDT+ B+VLE TIES E LEGDGEVGTVELVHLG
MEHSEVERT SSVSAEKL.FEGLCLDIDTL.LERVLEGATKS SET LEGDGEVETVELVHLG

EATEY T TMREQEVIVIDERGLAYTYTT IGGDILVIVLESVVNEFVVVE-TDGGCIVENTTT
+A+ + THMEQEVD TDER  ¥+¥+ I GDIL+ +ES5+ N F WVE DGGC WE+I I
DRSSP THE VDA T DK TFTY SY¥SIIDGDTILLGFIESTNNHETAVENADGGCTWESTIT

YHTHGDAVLPEDKIKEATEKSALAFKAVEAYLLAN 154 FP92918
+NTEGDAV+PE+ IE A +++ FEAVEAYL+AN
FNTEGOAVVEEENTEFANDONLT IFKAVEAYL.IAN 155 FPl194ls

60 F92918

a0 Fl34ls

11% P52918

120 Fl34ls

Homology of protein sequence of Api g 1.02 withgbay's protein PR1-1

al

al
120

121

W-FSWSMQGHiDmPMPQLIMIEGDGGVGTMMG
MEVQE+ VE S+VIREE+++H5 LD+DT+ B+VLE IKS E LEGDGGVEIVELVHLG
MEVQESEVET T SSVSAERL.FEGLCLDI DT L.LEQVLPGATKS SET LEGDGEVETVELVHLG

EATEYT IMEQEVIVIDKAGLAYTY¥TTIGEDITVDVILESVVNEFVVVE-TDEEGCIVENTTT
+8+ + TMEQEVD IDER  ¥+¥+ I GDIL+ +ES5+ N F WP DGGC VE+T I
DASPFETMEQEVDATDRAT FTY S¥ SITDGDILLGF IESTNNHETAVENADGGCTVESTIT

YNTEGDAVL.PEDKTKEATERSATAFEAVERYT.L.AN 154 F823918
+NTEGDAVHEE+ TK A +++ FEAVERYT.+EN
FNTEGDAVVEEENTKFANDONL.T TFEAVEAYT.TAN 155 F13417

60 P92918

a0 P19417

119 P92918

120 P13417

Homology of protein sequence of Api g 1.02 withroéis protein DauC1

6l

a0
120

120

MEVOKTVVEAFSTVSAEKMY OGFLLOMDTVE FKVLEQLIKSVE ILEGDGEVETVELVHLG &0
MG Q +E S+VSRAEE++ G +LDH+DTV PKE P  KSVE+ +5DGEG GIV+++ L
MGAQSHSLEITSSVSAEKT FSGIVLOVDTVI PEAAPGAYHSVEV-KGDGGAGTVRIITLE 59

EATEYT TMEQEVDVIDERGLAYTYTT IGGDILVIVLESVVNE FWWWVET -DEECIVENTT I 1145
E+ ITtM +D +HH L ¥ T I GDIL+ +ES+ VWVET DG I KT I
EGSPITSMTVRIDAVNEEALTYDSTVIDGDILLGFIESIETHLWWWVETADGESITETTAT 1145

YHNIHEGDAVLEEDKIKEATEKSATAFKAVEAYTL.LAN 154 P92918
+HITEGDAV+PE+ IK A ++ FEA+ERYL+EN
FATEGDAVVEEENIKFADAQNTATLFERTEAYTL.TAN 154 0042338



Annex 7

Similarities of Api g 3 with other major food altgens®”!

Ovganism Length Identity’ Score” Ewalue™ Gene names

Status Protein names

Chlorophyll a-b binding

i o -151

protein, chloroplasl... Apium graveolens (Celery) 264 100.0% 1,384 1.0x10 LHCO
Chlerophyll a/b binding : : s 1a1
protein of LHCII type... Panax ginseng (Korean ginseng) 266 93.0% 1,299 1.0=10 CAB
nght.ha.rvestlng chlorophyll N|cot|lana sylvestris (Wood tobacco) (South 265 92.0% 1293 1.0<10-140 Lhcb14
a/b-binding prot... American tobacca)
gr“;:‘;::e uncharacterized 5 < trichocarpa x Populus deltaides 264 90.0% 1,285 1.0%10-122

. . Populus trichocarpa (Western balsam
Light-harvesting complex Il ; s _1ag Lhcb1-2
protein Lhcbf tpriocpriirc}a(::‘joa;}}uIus balsamifera subsp. 264 90.0% 1,285 1.0=10 POPTRDRAFT

R . Populus trichocarpa (Western balsam
Light-harvesting complex Il . s _12g Lhcb1-1
protein Lhcb1 tpriocpri2rc]|a(r|:;}:;})uIus balsamifera subsp. 264 90.0% 1,284 1.0x10 POPTRDRAFT
Light harvesting chlorophyll  Micotiana sylvestris (Wood tobacco) (South 265 900% 1283 1.0x10-3 Lhcb1*2
a/b-binding prot... American tobacco) e :
E:‘;gﬁ]'}gf"c:igrt:;‘:“g Nicotiana tabacum (Common tobacco) 265 91.0% 1282 1.0x10-13 CAB21

R . Populus trichocarpa (Western balsam
Light-harvesting complex Il ; N _1ag Lhcb1-3
protein Lhcbf ﬁiocpfiiga(i;?ums balsamifera subsp. 264 89.0% 1,281 1.0=x10 POPTRDRAFT
Light harvesting chlorophyll  Micotiana sylvestris (Wood tobacco) (South 265 90.0% 1277 1.0x10-1% Lheb1™1
a/b-binding prot... American tobacco) e :
Chlorophyll a-b binding Nicotiana tabacum (Common tobacco) 267 90.0% 1275 1.0x10-13% CABAO
protein 40, chloropla...
Putative chloroplast ) s 138
chlorophyll a/b-binding ... Carya cathayensis 267 89.0% 1,275 1.0=10 ABC
Light harvesting chlorophyll  Micotiana sylvestris (Wood tobacco) (South s 138 .
a/b-binding prot... American tobacca) 265 30.0%  1.275 1.0<10 Lhcb1™3
Chloroplast chlorophyll A/B ¢ iy alpum 264 89.0% 1274 1.0x10-138
binding protein
Chlorophyll a-b binding Solanum lycopersicum (Tomato) 965 89.0% 1973 1.0x10-128 CABIB
protein 1B, chloropla... {Lycopersicon esculentum) i :
g:‘;;’;i‘;ph"" alb binding Solanum tubsrosum (Potato) 265  89.0% 1270 1.0%10137 Lhcb1-1
g:‘;;’;i‘;ph"" alb binding Solanum tubsrosum (Potato) 265 89.0% 1270 1.0%10-127 Lhcb1:2
';}ghglzgmgs:}m chlorophyll . tca sativa (Garden lsttucs) 266 91.0% 1.270 1.0x10-127 cab
g:‘;:’;i‘:ph"" alb binding Solanum tuberosum (Potata) 265  89.0% 1269 1.0x10-137 Lhcb14
;}gh;;gfg:ming chlorophyll Lemna gibba (Swollen duckweed) 266 90.0% 1,267 1.0=10-137
g:‘;f;;"h"" alb binding Solanum tuberosum (Potato) 265  89.0% 1266 1.0x10-127 Lhcb1.5
Chlorophyll a-b binding Solanum tuberosum (Potato) 267 89.0% 1.266 1.0x10-127
protein 3C-like
Light harvesting chlorophyll  Nicotiana sylvestris (Wood tobacco) (South 267 900% 1266 1.0x10-127 Lhcb1%6
al/b-binding prot... American tobacco) i :
gi"r:gi’ﬁg';f;t‘;'i‘;""”’h’" AB \langifera indica (Mango) 264 89.0% 1265 1.0%10-127 MCAB
g:‘;g;p?dlﬁfebi“di“g Ricinus communis (Castor bean) 265 89.0% 1,265 1.0x10-127 RCOM_1214080
Major chlorophyll a/b Spinacia oleracea (Spinach) 267 88.0% 1,265 1.0x10-1%7 Ihcb1.2

binding protein LHCb1.2

75



Homology of protein sequence (shown in grey) of 43 with tomato’s protein CAB1B.

1 MARSTMATS S-PMAGEINE?EPSS-SELFGNGHVEHBKIV—EAPUS LSPWYGPFLDEVEYLGE 59 P92591%9

MAR+TMATLSSP+ AGHAVEHPS+SE+ GHGR++MBE V E+ S SEWYGPDRVEYLGE
1 MARATMAT.SSPSFAGQAVELSPSASET SGNGRI TMREAVAKSL PSS 5FWTIGPDRVEYLGE a0 POT370

a0 FSGEAPSYLTGEFPGDYGWDTAGLSADPET FAKNEELEVIHIEWAMLGAT.GCVFFELLAR 119 F923139
F3GE+PSYLTIGEFPGDYGWDTAGLSADPETFAKNEELEVIH RWAMLGAT.GCVFEPELLAR
6l FSGEESPSYLTIGEFPGDYGWDTAGLSADPET FAKNRELEVIHCEWAMLGAT.GCWVFPELLAR 120 EOT370

120 NGVEFGEAVWFEAGIQIFSEGGLDYLGNPSLVHAAQSILSIWATOVIIMGAVEGYREVAGGE 179 F929119
NGVEFGEAVWFERAGSQIFSEGGLDYLGNPSLVHAQSTIL+IWA OV+IMGAVEGYR+AGGE
121  NGVEFGEAVWFEAGSQIFSEGGLDYLGNESLVHAQSILATWACOVVIMGAVEGYRIAGGE 180 FOT370

180 LGEIVDPLYPGGESFDPLGLAEDFERSAELEVEELENGELAMFSMEGFFVQRIVIGKGEFLE 239 F92914
LGE+VDPLYPGGSFDPLGLAEDFE AELEVEE+ENGRLAMFSMEGFEVQAIVIGHGFLE
181 LGEVVDELYPGGESFDPLGLAEDPEAFAETHEVEEIENGRLAMFSMEGFFVQRAIVIGKGEFLE 240 FO7370

240  NLADHLADFVHNNAWAFATHNEVEGE 264 F3291%9

ATT WOTWETT W AT TETETETR TIW TR TRTTOT TTRATS
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Annex 8

Similariti

Status Protein

Profilin
Profilin
Profilin
Profilin
Profilin
Profilin
Profilin
7 Profilin
Profilin
Profilin
Profilin
Profilin
7 Profilin
Profilin
Profilin
Profilin
Profilin
Profilin
Profilin
Profilin
Profilin
Profilin
Profilin
Profilin

es of Api g 4 with other major food altgens®*”!

names =1 Organism
Apium graveolens (Celery) 134 100.0%
Petroselinum crispum (Parsley) (Petroselinum hortense) 134 94.0%
Petroselinum crispum (Parsley) (Petroselinum hortense) 134 93.0%
Petroselinum crispum (Parsley) (Petroselinum hortense) 134 92.0%
Petroselinum crispum (Parsley) (Petroselinum hortense) 134 91.0%
Daucus carota (Carrot) 134 91.0%
Olea europaea (Common olive) 134 82.0%

2 Olea europaea (Common olive) 134 52.0%
Olea europaea (Common olive) 134 82.0%
Olea europaea (Common olive) 134 82.0%
Corylus avellana (European hazel) (Corylus maxima) 133 52.0%
Olea europaea (Common olive) 134 82.0%

3 Olea europaea (Commaon olive) 134 81.0%
Ricinus communis (Castor bean) 133 81.0%
Corylus avellana (European hazel) (Corylus maxima) 133 82.0%
Olea europaea (Common olive) 134 81.0%
Olea europaea (Common olive) 134 81.0%
Corylus avellana (European hazel) (Corylus maxima) 133 82.0%
Olea europaea (Common olive) 134 81.0%
Olea europaea (Common olive) 134 81.0%
Olea europaea (Common olive) 134 81.0%
Olea europaea (Common olive) 134 81.0%
Olea europaea (Common olive) 134 80.0%
Olea europaea (Commaon olive) 134 82.0%

713
683
680
668
667
659
620
618
618
618
615
615
614
614
614
614
614
613
613
613
613
613
612
612

Length Identity’ Score” Ewalue™ Gene names

2.0x10-72
5.0x10-"® PRF4
1.0x10-%2  PRF2
3.0=10%2  PRF1
3.0=10¢¢  PRF3
3.0=10-57
9.0=10€2 QOlee2
2.0x102  PRO2
2.0x10-82
2.0x10%2 Olee2
4.0x10-82
4.0x1062 QOlee2
5.0=x10 €2 PRO3
5.0x10-82  RCOM_1048910
5.0=x10-52
5.0=10-52
5.0=10-82
6.0=x10- €2
6.0x10€2 Qlee2
6.0=x10-52
6.0=x10-82
6.0x10-62
8.0=x10-62
8.0=10-52

Homology of protein sequence of Api g 4 with Priafirom Carrot

1 MSWQAYVDDHIMCEVEGNPGOTLTARAT IGHDGSVWAQSSTFPQIKFEETAGTMKDFDER 60 Q9XF37
M5W) YVDDHIMCEV+GNPG]) L+ARATTGHDGSVWRQSSTFP+ KPEEI GIME+FDEP
1 MW TYVDDHLMCEVDGN PGOOLSARAT IGHDGSVWAQSSTFPKFEKFEETITGIMENFDER 60 QB34AE6

al GHLAPTGLYLGGAKYMVIOGEPNAVI RGEEGSGEVI IEKTGQATVFGVYDEFVTIBGRCHNY 120 Q9XF37
GHLAPTGLYLGG EYMVIQGER AVIRGEEGSGEVIIKKTGOALVEGVYDEFVTPGRCH+
a8l GHLAPTGLYL.GGTEYMVIQGEPT AVI RGEKGSGEVT IKKT GQALVEGVYDEFVT PGRCHL 120 Q835LE&

IVERL.GDYLIDQGL 134 {QO9EF37

IVERLGDYLI+QGL
121 IVERLGDYLIEQGL 134 (B8SREG

Homology of protein sequence of Api g 4 with PriaffPRO2 of olive

1

1
el

MSWOAYVDDHIMCEVEGN PG TLTARAT IGHDGSVRAQSSTFPQIKFEEIAGIMKDFDEE
MSWQAYVDDHIMC+H+EG+ G LIAARAT+GHDGSVWAQS+IFPQ KFEE+ GIM DEF+EF
MSWORYVDDHIMCDIEGHEGHELTARRTVGHDGSVIWAQSATFPQFKFEEMNGIMIDENEE

GHLAPTGLYLGGAKYMVIQGE FNAVIRGKEGSGEVI IKKIGQALVEGVY DEFVI PGRCHY
GHLAFTGL+LGG KYMVIQGE AVIRGEKGSGG+IIKKTGQATVFG+Y+EFVIBGRCH+
GHLAPTGLHLGGTEYMVIQGEAGAVIRGKEGSGE IT IKKIGQALVEG IYEEFVI PGRCHM

IVERLGDYLIDRGL 134 Q9XF37
+VERLGDYL++QGL
VVERLGDYLLEQGL 134 024170

7

60 QIXF37

80 024170



Annex 9

Similarities of Api g 5 with other major food altgens®”!

Status Protein names 7 Cgantsm Length Identity’ Score” Ewalue™ Gene names

Allergen Apig 3 Apium graveolens (Celery) 86 100.0% 437 2.0=x10-

Putat!ve uncharacterized Panax ginseng (Korean ginseng) 153 72.0% 122 5.0=10-%

protein
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 531 48.0% 96 5.5x10-2 POPTRDRAFT 550604
trichocarpa)
Populus trichocarpa (Westemn balsam

Predicted protein poplar) (Populus balsamifera subsp. 533 57.0% 95 T1=x102 POFTRDRAFT_ 590917
trichocarpa)
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 533 57.0% 95 7.1=10-2 POPTRDRAFT 785162
trichocarpa)
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 533 54.0% 93 1.2=101 POPTRDRAFT_789090
trichocarpa)
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 533 54.0% 93 1.2x10-1 POPTRDRAFT_593088
trichocarpa)
Populus trichocarpa (Westemn balsam

Predicted protein poplar) (Populus balsamifera subsp. 534  52.0% 92 1.6x101 POPTRDRAFT_582590
trichocarpa)
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 485 55.0% 91 21=101 POPTRDRAFT_946873
trichocarpa)
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 228 63.0% 91 21=x10" POPTRDRAFT_ 939422
trichocarpa)
Populus trichocarpa (Westemn balsam

Predicted protein poplar) (Populus balsamifera subsp. 533 63.0% 91 21=101 POPTRDRAFT_T53730
trichocarpa)
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 526 57.0% 91 2.1=10-1 Egg$sg§g—;gggigg
trichocarpa) -
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 533 57T.0% 91 2.1=107 POPTRDRAFT_753689
trichocarpa)

F12K21.9 Arabidopsis thaliana (Mouse-ear cress) 715  5B8.0% 89 3.5=10-1 Atl1g34575

EAD'b.'"d'"g and BBE | 5 idopsis thaliana (Mouse-ear cress) 527  58.0% 89 3.5x10-1 At1g34575 AT1G34575

omain-containing protein

Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 535 52.0% 89 35=10-1 POPTRDRAFT_785160
trichocarpa)
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 532 60.0% 89 35=10-1 POPTRDRAFT_772209
trichocarpa)

Putal!ve uncharacterized Arabidopsis lyrata subsp. lyrata (Lyre- 67 55.0% 88 4.6<101 ARALYDRAFT 473604

protein leaved rock-cress) -
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 531 52.0% 88 4.6x101 POPTRDRAFT_537710
trichocarpa)
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 501 50.0% 88 4.6x107 POPTRDRAFT_270233
trichocarpa)
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 533 52.0% 88 4.6x101 POPTRDRAFT_753691
trichocarpa)

Berberine bridge ) . . a .1 T13K14.20 AT4g20860

enzymelike protein Arabidopsis thaliana (Mouse-ear cress) 5300 42.0% 86 7.9x10 Atdg20860 ATAG20860

At1g30710 Arabidopsis thaliana (Mouse-ear cress) 531 55.0% 86 7.9=10-1 T5I8.16 At1g30710 AT1G30710

FﬂD-b_in_ding don‘_lain- Arabidopsis lyrata subsp. lyrata (Lyre- 531 55.0% 86 7.9x101 ARALYDRAFT 890626

containing protein leaved rock-cress) -
Populus trichocarpa (Western balsam

Predicted protein poplar) (Populus balsamifera subsp. 514 5B8.0% 86 7.9x10-1 POPTRDRAFT_233054
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Annex 10

Peptides region which were used for theimmunization ID 1959 (Serum Api 1-1)

Celery-Carrot Similarity Apigl.0BauC1.(On the right site the whole sequence, on theelgtirged only the

region of the peptide used for the immunization)

1 eV THVEELTSSVSAEKIEQGF VI DVDIVLPKARPCAYKSVE IKEDCEPETLKIITLED 60
MG Q+H LE+ISSVSAEKIF G V+DVDIV+PEAAPGAYHSVE+HGDGE EI++IITLE+

1 MGAQSHSLEITSSVSAEKIESGIVLOVDIVI VE! VRIITLPE 1]
= 61 GGRITTMILRIDEVNKERLTFIYSVIDGDILLGFIESIENHVVLVPTADGESICKITAIF 120
L] T . 3 1 Fq 9,3 '?2 G PIT+MI+R D VNKERLT+D +VIDGDILLGFIESIE H+V+VPIADGGSI HITAIF
. 61 ESPITSMIVRTDAVNKEALTYDSTVIDGDILLGFIESIETHLVVVETADGESITRITAIF 120
m E H I.E'-FI'E ] 121  ETHGDAVVPEENIKYANEQWTALFRALERYLIAN 154 F43372
A3 ] s D4 2 g -1 HTKGDAVVPEENTK+A+ QNIALFERA+ERYLIAN
] - - 121  ETHGDAVVPEENIKFADAQNTALFEATERYLIAN 154 004238

1 MGVQTHVLELTSSVSAEKIFQGFVIDVDIVL THGDGEEGTLKIITLE 59
MGVQ +E ISSVSAER+F+G +D+DI+LP+ BGA K5 E ++6DGE GT+E++ L
1 MGVQHSEVEATSSVSAEKLEKGLCLDIDTLLPRVLPGAIKSSETLEGDGEVEIVKLVELG &0

DGGPITTMILRIDGVNKEALTFDYSVIDGDILLGFIESIENHVVIVETADGESICKITAT 119
D P T +D+¥K T+ YS+IDGDILEGFIESI NH VB ADGE KT I
P 1 g 418 61  DASPFHIMKQKVDAIDEATFTYSYSITDGDILLGFIESINNHFTAVERADGGCTVESIIT 120

120  FHTRGDAVVPEENIKYANEQRTALFRALEAYIIAN 154 P43372
E+TKGDAVVEEENIKAAN+QN +FER+EAYLIAN
121  FNTHGDAVVPEENIKFANDQNLTIFEAVEAYLIAN 155 P13418

P4a37d

b5 MEVOTHVLELTSSVSAEKI FQG VI DVDIVLEKAAPGAYKSVE - IKGDGEECTLHI ITLE 59!
MEVQ  +E TSSVSREH4F+G +D+DI+LP+ PGA KS E +4GDGG GI4+H++ L
P"1 g 3 = 2 1 MEVKSEVETTSSVSAEKLFHELCLDI DT LLEQVLPGATKSSETLESDGGVETVELVELG &0 |

&0 DGGRITIMILRIDGVREEALTFDYSVIDGDILLGFIESIENEVVLVPTADGESICKITAL 119 |
D P IM ++D ++K T+ YS+IDGDILLGFIESTI HH VP ADGG EHI I

P l g { 1-? &1 DA SPFHIMHQKVDATDRATFTY SYSITDGDILLGFIESINNEFTAVERADGGCTVESTII 120 |
120 FHT TALFKALEAYLIAN 154 P49372
F+T ENTE+RI+QN +FE LIRN
121 EN V IFEAVEAYLIAN 155 P19417

1 MEVOTHVLELT SSVSAEKI FQGFVIDVDTVLPKARPGAYKSVE] -KGDGEFETLKIITLY 59
M6 T +E+ 55V A+ IHGE—D+D ++PK P R KSEI GDGE GI+K +IL
1 MEAVITDVEVASSVPAQTIYHKGELLDMDNI I PKVLEQRIKSIET 1 SGDGGASTIKKVILG &0

80 DEGPITIMILRIDGVNKEALTFDYSVIDGDILLGFIESIENAVVIVETADGESICKTTAL 119
d pgoar2

+ T + RID ++ EAL + ¥S5+I+GD+LLG IESI + IVPTI DGE I KT I
h+ I- 61 EVSQFTVVKQRIDEIDAEALKYSYSIIEGDLLLEIIESITSHFIVWET-DGECIVENTITI 119
24937
PROTE p27538  * PEEEETECEEE T

120 YTPIGDAVIPEENVEEATEQSCMVEKAIEAYLLAN 154 P27538

1 MEVOTHVLELT SSVSAEKI FQEEVIDVDIVLPKARPGAYKSVEI-KGDGEFGTLKIIILY 59
MGVQ V+E OS+VSAEK++QGF++D+DIV PK P  HSVEL +GDGE GI+E++ L
1 MGVOHTVVEA PSTVSAERMY QGFLLIMDTVE PRVLEQL IRSVEI LEGDGGVGTVELVHLG &0

60  DGGPITTMILRIDGVNKEALTFDYSVIDGDILLGFIESIENHVVLVPTADGESICKTIAI 119
+ TIM +D ++K L+ ¥+ IGDIL+ 4ES+ N WWPI DGE I KI I
61 ERTEYTTMKQHVDVIDEAGLAYTYTTIGEGDILVIVLESVVNE FVWVFT-DGECIVENTII 119

120  FHIKGDAVVEEENIKYANEQNIALFEMLEAYLIAN 154 P43372
+HIKGDAVAPE+ IK B E++  FER+ERYL+AN
120  YNTKGDAVLPEDKIKEATEXSALAFKAVEAYLIAN 154 Po29ls
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Peptidesregion which was used for theimmunization ID 1959 (Serum Api 1-2)

Celery-Carrot Similarity Apigl.0DauC1. .(On the right site the whole sequence, on theelafirged only the

region of the peptide used for the immunization)

154 P49372

154 Q0s233

154 P49372

155 P1941%8

154 48372

155: 15417

Celery-Parsley Similarity Apigl.0PR2

154 F49372

154 P27538

154 P49372

154 Pozsle

80

61

MGVOTHVLELTSSVSAEKTE 67V DVDIVLEKAABGAYKSVE IKGDGERETLKIIILED 60
MG Q+H LE+TSSVSREKIF G V+DVDIV+PKAAPGAYKSVE+KGDGG GI++IITLP+
TSSVSAEKTESGIVLOVDTY ITIPE &0

GGRITIMILRIDCVNKEALTFDYSVIDGDILLGFIESIENHVVLVPTADGESICKITAIE 120
G PIT+MI+R D VNKEALT+D +VIDGDILLGFIESIE H+V+VPIADGGSI KITAIF
GSPITSMIVRTDAVNKEALTYDSTVIDGDILLGEIESIETHLVVVETADGGSITHITAIE 120

121  HIKGDAVVEEENIRYANEQNTALFRALERYLIAN 154 P49372

HIKGDAVVPEENIK+A+ QNTALFEA+

ERYLIAN
121  HIXGDRAVVPEENIKFADAQNTRLFKAIERYLIAN 154 004298

&0

61

MGVQTHVLEL TDVDIV] E-IKGDGEPGTIRIITLF 58
HGVR +E IBSVEAEH-E’-HS +DﬂIT[+I.P+ BGA K5 E ++BDGG GI+E++ L
MGVQKSEVEATSSVSAEKLFKGLCLDIDTLLPRVLPGAIKSSETLEGDGEVGIVELVELG 60

DGGRITIMILRIDGVNKEALTFDYSVIDGDILIGFIESIERHVVIVETADGESICKTIAT 118
D B T +D+K T+ ¥YS+IDGDILIGFIESI NH VB ADGE H+I I
DASPFKIMKQKVDATDKATFTYSYSTIDGDILLGFIESINNHFTAVPNADGGCTVESIIT 120

120 FHTRGDAVVPEERIRYANEQNTALFRRLEAYLIAN 154 P43372

F+IKGDAVVEEENIR+ANHQN +EER+ERYLIAN

121  ENTHGDAVVPEERIKFANDONLTIFERVERYLIAN 155 P134l2

1

61
120

121

&0

61
120

120

&0

g1
120

120

MOV THVLELTSSVSAEKI FQG VI DVDTVEEKAAPGA YKSVE- IKGDGG PGTLKIITLR
MEWY  +E ISSVSAER+F+G +D+DI+LP+ BGA K5 E +4GDGE GI+H++ L

MEVOKSEVETTSSVSAEKLFHGLCLDIDTLLPQVLPGAIKSSETLEGDGEVEIVELVELG

DGGRITIMI LRIDGVNKEALTFDYSVIDGDILLGFTESTENHVVLVETADGGSICHITATL
D B IM 4++D ++K T+ YS+IDGDILLGFIEST HH WP RDGG E+T I
DS P rHTHK VAT DRAT T Y S¥S 1 IDGDILLGFIESINNAFTAVERADGGCTVESTII

FHT TALFKALERYLIAN 154 P49372
E+T ENIKFAN+ON  +FHR LIRN
5 IFKRVEAYLIAN 155 F19417

591

&0 |

119 |

120 |

TSSVSREHI FQEEVIDVDTVLEKARPCAYKSVE - KBDGEPETLKIITLY

MEVOTHVLEL]
M5 T +E+ 55V A+ IHGE++D+D ++PK P A KS+EI GDGG GI+K +IL

MGAVITOVEVASSVPAQTIYKGELLDMDNI I PKVLPQRIKSIEL 1 SGDGGASTIKHVILG
DGEPITIMILRIDGVNKEALTFDY SVIDGDILLGFTESIENAVVIVETADGGSICKTTAT

+ T + RID ++ EAL + ¥S+T+GDHLLG IESI + +VPTI DGG 1 KT I

EVSQFTVVHQRIDE I DAERLHYSYSTIEGDLLLGI IESITSHFIVVET-DGECIVENTIL

FHIKGDRVVPEENIKYANEQNTALFERLERYLIAN 154 F42372
+ GDAV+PEEN+E A EQ+ +FEKA+EAYL+AN
YTPIGDAVIPEENVKEATEQSGMVEMAIEAYLLAN 154 P27538

MGVOTHEVLELTSSVSAEKT FQGEVIDVDIVLPKAAPGAYKSVEI -KGDGEPETLEIITLP
MGVQ V+E S+VSAEK++QGF++D+DIV PK P KSVEL +GDGG GT+K++ L
MEVOHTVVEAPSTVSAFKMY QGFLLOMDIVF PRVLEQL IRSVEI LEGDGEVETIVELVALG

DGGEPITTMILRIDGVNKEALTF DY SVIDGDILLGF IESTENHVVIVPTADGGESICKTTAL
¢+ TIM HDHK L+ ¥+ TEDIL+ +ES+ N VAPTI DG I KT I
EATEYTTMHQHVDVI DA GLAYTYT T IGGDILVDVLESVVNE FVVVET - DEGCTVENTIT

FHTKGDAVVPEENIKYANEQNTALFEALEAYLIAN 154 P43372
+TKGDAVAEE+ IK A E++ FEA+EAYL+AN
YNTKGDAVLPEDKIKERTEXKSALAFKAVEAYLLAN 154 P92818

58

&0
119

119

53

&0
11%

118



Peptidesregion which was used for theimmunization ID 1959 (Serum Api 2-1)

Celery-Parsley Similarity Apigl.0PR2.

81

MGV TV VEAR STVSRERMY QG FLLIMD TVF PRVLEQLIRSVEILEGDEGVETVILVHLG
BE T VE 54V R+ +Y:GFLLDMD + PHVLEQ IKS+EI+ GDGE GI+K V LG

MGRVTTDVEVASSVEAQT IYHGFLLIMONT I PHVLEQAIRS IET ISEDGERGT IEDVTLG

IGGDILVDVLESVVHEFVVVEIDGECIVENITIY 120

HYSYSITEGDIITCITESTTSHETUWEIDGGCIVENTTIY 120

ERTEYTTMEQEVTVIDERGLAYTYTT] 3
E +++7 +HQ++D ID L Y+¥+ I GD+D+ ++ES+ ++F VWEIDGGCIVENTITIY
EVSQFTVVHGRIDETDAEALHY:

NTHGDAVLPEDKIKEATEKSALAFHAVERYLIAN 154 P2291E
GDAV+PE+ +HEATE+S + FHA+ERAYLLAN
TPIGDAVIPEENVIEEATEQSGMVEMAIEAYIIAN 154 P27538

HEVORTVVEAFSTVSAERMY QG FLLDMDTVE PKVLEQLIKSVE I LEGDGEVETVKLVELG
MEVQK+ VEA S+VSAEK+++G LD+DI+ P+VLP IKS E LEGDGGVGIVKLVHLG
MEVQKSEVERTSSVSAEKLFKELCLEIDTLLPRVLEGATKS SETLEGDGEVEIVELVELE
EATEY T IMROKVDVIDEAGLAYTYT T IGEDIIVIVLESVVHE EVVVE - TDGGC IVENT T
i+ + IMRQRVD IDKA ¥+¥+ I GDIL+ +ES+ M F VP DGGC VE+I 1
DRASPFHTMKOHVDATDHAT FTYS¥STIDGDILLGF IESTNNAFTAVENADGGCTVRSTIT

YNTKGDAVLPEDKIREATEKSALAFKAVEAYLLAN
+HIKGDAV4FE+ IE A +++ FHAVEAYL:AN
FHTRGDAVVPEENIKFANDONLT IFKAVEAYLIAN

154 Ppo2sis

155 P19418

WGV TVVEAPSTVSAERMY QG LLEMDTVEPKVLEQLIKSVE 1 LEGEGGVETVRLVELG
MGUQH+ VE S+VSAER+++5 LD+DI+ B+VIP IHS E LEGDGGVGIVELVALG
MGVOKSEVET TSSVSREKLFKGLCLDIDTLLPQVLEGA TKSSETLEGDGGYGTVELVELS

EATEY T TMEDRVDVIDEAG LAY TYT T EGEDILVIVLESVVNEFVVVE-TDGECIVENTTT
+A+ + THEQRVD IDKR Y+¥+ I GDIL+ +ES+ NF VP DGGC VKT I
DRSS PFKTHKOKVDA T DKAT FTYSYS I I DGDILLGFIESINNHETAVENADGGCTVESTIT

YNTHGDAVLPEDKIKEATEKSALAFRAVEAYLIAN 154 F92918
4NIXCDAV+PEL IK A +++ FKAVER
FRIKGDAVVEEENIKFANDONL!

YL+AN
TIFKAVERYLIAN 155 F13417

MGVOHTVVERPST G FLLOMDTVERKVLEQLIRSVELL VKLVELG
M5 Q 4+ S+VSAEKs+ G +LD+DIV BX P KSVE+ 4GDGG GIV+++ L
MGAGSHSLE I TSSVSAEKTES6IVLOVDTV] FRRARGAYKSVEY -KEOGEAGTVRI ITLE

ERTEYTTHHQKVIVI DEAGLAY TY T TIGEDILVIVLESVVNE EVVVET - DBGCTVENTT
E+ T+M +D+4k LY TIDGDIL+ +ES+ VWPIDSGIKTI
EGSPITSHIVRI DAVNEEALTYDSTVIDGDILLGFIESIETHLVVVETADGGSITRITAL

mmmmm&mm
++THGORV+PE+ IK A ++ FHA+EAVL
mwmﬂmumnm

154 Pg291e

154 004292

MEVQETVVEAPSTVSAEKMYQGFLLDMDTVF PKVLEPQLIKSVEI LEGDGGVETVELVHLG
MGVQ V+E S+VSREK+HQGF++D+DIV FK E  KSVEI +GDGE GI+E+t L
MEVQTHVLELTSSVSAEKI FQGEFVIDVDTVLEERAPGAYKSVEI-KGDGGFGILKIITLE

EATEYTTMEQEVDVIDEAGLAYT¥TTIGGDILVIVLESVVNEFVVVET-DEGCTIVENTITI
+ TIM ++D ++K L + ¥+ I GDIL+ +ES+ N V+VPT DGG I KT I
DGGPITTMT LRIDGVNKEALTFD¥SVIDGDILLGFIESIENHVVLVETADGGSICKTTAT

YNTKGDAVLPEDKIKEATEKSALAFKAVEAYLLAN
+IKEDAV+PE+ IK A E++ FER+ERYL+RN
FHIKGDAVVPEENIKYANEQNTALFKRLEAYLIAN

154 P92918

154 FP49372

&0 Da2ale

60 27538

P32918

P27538

60 P92918

60 P13418
119 Pa2sls

120 P19418

&

&0
119

120

&0

119

118

P29l
P19417
P32918

P19417

F92918
004236
P82318

Q04298

Po291e

PF49372
PFg291t

P49372



Peptidesregion which was used for theimmunization ID 1959 (Serum Api 2-2)

Celery-Parsley Similarity Apig1l.0PR2. (On the right site the whole sequence, on theelgiirged only the
region of the peptide used for the immunization)

120 /YNIKGDAVLPEDHIREATE
+HT}BEE“'+E'E+ IH ]i
121

Celery-Carrot Similarity Apigl.0BauC1

82

MGVOKTVVEAPSTVSAERMYQGFLLIMDTVPRVLPQLIKSVEILEGDGGVETVKLVELG 60 F92912
MG T VE SV A+ +YSGFLLDMD + PRVLEQ INS/ET+ GIGG GTK V 16
MGAVTTOVEVASSVEAOT TYKGFLLOMONT TPRVLPQATKSIETISGIGEAGTIMAVILE 60 P27538
EATEYTTMROKVIVIDKAGLAYTYTTIGEDILVOVLESVVNERVYVETOGECIVENTTIY 120 Fe2sis
E ++4T +BQ++D ID L ¥+¥+ I GD+L+ ++ES+ ++F WVETDGGOIVENIIIY
EVSQFTVVEQRIDEIDREALKYSYSIIEGOLLLGIIESITSKFTVVPTDGECIVENITIY 120 F27538
NTHSDAVLPEDKIKEATENSALAFIGIVERYLIAN 154 P92018

GOAV:DE+ +KEATE+S + ENA+EAYLLAN
TPIGOAVIPEENVKEATEQSGMVERAIEAYLIAN 1S4 P27538
MEVQKTVVERPSTVSAERMYQGFLLDMDTVFEKVLEQLIKSVEILEGDGSVETVELVELE 60 P92918
MGVOR: VEA SiVSAER+++G LD:DT+ B+VLE IXS E LEGDGGVETVKLVHLE
MV ORSEVERT SSVSAEKL FHELCLD I DT LLPRVLPGAIKS SETLEGDGEVEIVKLVHELE 60 Pl94ls

EATEYTTMEQHVDVIDERGLAYTYTTIGGDITVIVLESVVHEEVVVE-TOECCTIOMTTT 119 PI2912

+h+ + TMKQKVD IDKR ¥4¥+ I GDIL+ +ES+ H FE VP DS6C VE+I I

DS PEXIMEQKVDATDKAT FTYSYSI IDGDILLGFIESINNHFTAVENADGGCTVISTII 120 P19418

YNTHKGDAVLFEDHIHEATEKSATAFKAVEAYITAN 154 P92918
+NTHEDAVAEE+ IR A +++ FEEAVEAYL+AN
FNTKGDAVVPEENIKFANDONLT IFKAVERYLIAN 155 P13418

Wmmmm:m;mmmm
MGVQK+ VE S+VSREK+++E LD+DI+ P+VLP IKS E LEGDGGVGIVELVHLG
MGVQRSEVETTSSVSAEKLFKGLCLDIDTLLPOVLPGAIKS SETLEGDGEVEIVELVELG

ERTEYT TMEDEVDVIDERGLAYTY T IGGDIIVDVLESVVNE FVVVE-TDGECIVINTIT
+A+ + THEQEVD IDKA ¥+¥+ I GDIL+ +ES+ HF VP DGGC VE+T I
DRS PEKIMKOKVDAIDKAT FTYSY ST IDGDILLGF IESINNAFTAVENADGGCTVRSTIT

YNTHGDAVLPEDHIKEATEKSALAFRAVEAYLIAN 154 PS291%
+NTKGDAV+PE+ IK R +++  FHAVEAYL+AN
FNIKGDAVVPEENIKFANDONLT IFKAVEAYLIAN 155 P18417

WWWEWEQLIMIWMW
M Q +E S+VSAER++ G +LDHDIV BHK B = HSVE+ +65DGG GIVHH+ L
MGAQSHSLEITSSVSAEKI FSGIVLOVDTVI PEAAPGAYHSVEV - KGDGEAGTVRIITLE

ERTEY I THHQHVEVI DERGLAY T YT TIGEDILVIVLESVVHEFWVVET -DEGCTIVENTIT
E+ T+ +0 ++K LY I IGDILs +ES» VWET BEG T XTI I
EGSPITSMIVRIDAVNEEALTY DSTVIDGDILLGF IESIETHLVWVITADGGSIINTIAL

YNIRGDAVLPEDKIHEATEKSALAFHAVERYLIAN 154 F92912
++IKEDRV+EE+ IHK R ++ m+nxx,+m
FHTKGDAVVEEENIKFADAQNTALFHATEAYLIAN 154 004298

MGEVOKTVVERPSTVSAERMYQGFLLDMDTVE PEVLPQLIKSVEILEGDGGVETVELVILG
MGV VH+E S+VSAEEHQGF+HHIHDIV PK P  KSVEI +GDGG GI+E++ L
MGVQTHVLELTSSVSAEKI FQGFVIDVDTIVLPKALPGAYKSVEL -KEDGGPGILKIITLE

EATEYTTMEQEVDVIDEAGLAYT¥TTIGGDILVIVLESVVNEFVVVET-DEGGCIVENITT
+ TIM ++D ++K L[ + ¥+ I GDIL+ +ES+ N W+VPI DGG I KT I
DGGPITTMILRIDGVNKEALT FD¥SVIDGDILLGFIESIENHVVLVEPTADGGSICKITAT

YNTEGDAVLPEDKTKEATEKSALAFKAVEAYLIAN 154 P32318
++TKGDAV+PE+ IK A E++  FER+EAYL+AN
FHTKGDAVVEEENIKYRNEQNTALFERALERYLIAN 154 P49372

€0 P92918
€0 P15417
119 P92918

120 P19417

§0 PB2318

59 004298

119 peszsie

119 O04298

60 P92318

59 P49372

119 P32918

119 P49372



Annex 11

Protein Marker Markltblue used for SDS-PAGE

240 kDa

120 kDa

90 kDa

48 kDa

30 kDa

23 kDa

16 kDa
10 kDa

Figure: 5 ul of Mark-It Blue were resolved
on a 4-20% gradient gel. The unstained
gel was documented using a flat-bed
scanner in reflection mode and the data
were corrected for the loss of contrast.
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