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Zusammenfassung

CCDs (Goss-reactive_@rbohydrate_Bterminants) sind héufig der Grund fir falsch pesit
Ergebnisse inin vitro Allergietests wie RAST oder CAP Test. Diese Swudh sind in N-
Glykanen von Pflanzen, Insekten oder parasitiscHefminthen weit verbreitet und kdnnen
deswegen Kreuzreaktionen von IgE Antikérpern awsiosDie zwei Hauptstrukturen die zur
Bildung kreuzreaktiver Anti-CCD IgEs fuhren sincdheinl,3- gebundene Fucose, welche an das
innerste N-Acetylglucosamin (GIcNAc) gebunden ishd eine an Mannose gebundefike2-
Xylose.

Ungefahr 15 % - 30 % der Pollenallergiker weisegegeCCDs gerichtete IgE Antikdrper im Blut
auf. Da diese Antikorper aber meist keine allefggsc Reaktionen in den betroffenen Patienten
auslosen kénnen sie als klinisch irrelevant angaseferden. Daher ware es wiinschenswert diese
Anti-CCD IgE Antikorper in Blut zu detektieren uzd entfernen bevor das Serum zu weiteren
virto Allergiediagnosen herangezogen wird.

In der vorliegenden Arbeit sollte eine Affinitatsima hergestellt werden mit der es mdglich ist
gegen CCDs gerichtete IgE Antikorper aus Patieetemszu entfernen ohne dabei die Menge
allergiespezifischer IgE Antikdrper zu veranderrs Anti-CCD IgE Absorber wurde MUXF
verwendet welches aus Bromelain gewonnen wurde. MWXirde in verschiedene Mengen an
diverse Matrizen (z.B. Agarose — Gele, Eupergifioppelt und die Bindungskapazitat fur IgE
wurde mittels ELISA ermittelt. Matrizen die sichvid@hren konnten wurden weiters mit CAP
evaluiert.

Anti-CCD IgE Antikorper konnten erfolgreich aus dgetesteten Patientenseren entfernt werden.
Die Affinitdtsmatrizen mit der besten Effektivititaren MUXF-BSA gekoppelte ECH Sepharose
4B und Prosep 9-CHO glass beads und MUXF-Lysozykomgeelte ECH Sepharose 4B. Bis zu
96,7% der gegen CCDs gerichteten IgE Antikorpernkem aus den Seren entfernt werden
wahrend durchschnittlich tber 90 % der allergenigigehen IgEs erhalten blieben.

Simone NITSCH iii



Abstract

Cross-reactive carbohydrate determinants (CCDs)aafequent cause of false positive allergy
diagnosis inn vitro allergy tests. These structures are widely spagaohg N-glycans from plants,
insects and also parasitic worms. The two main fseficiting anti-CCD IgE production are an
al,3-linked fucose linked to innermost N-acetylglsamine (GIcNAc) and fl,2-xylose linked to
the core mannose. About 15-30 % of pollen-allepgittents generate CCD directed IgE antibodies.
However CCDs do not seem to cause any allergidiozain most of the patients and can therefore
be considered as clinically irrelevant. Thereforeimportant task would be to determine and
remove anti-CCD IgE from patients’ sera before thieglergan vitro allergy diagnosis.

In this work a solid affinity matrix was designemhich can remove anti-CCD IgE from patients’
sera without influencing the amount of allergencspe IgE. For this cartridge, the so-called
“MUXF" glycopeptide from bromelain was used as ani-&CD IgE absorbent and coupled in
different amounts to various solid supports. Thedlsig capacity of each affinity matrix was
evaluated by determining by ELISA the content di-&@CD IgE in the sera after incubation with

the matrix. Matrices which proved to be successflELISA tests were further evaluated by CAP
test.

CCD directed IgE antibodies could successfully epleted from patients’ sera. The matrices with
highest efficiency and binding capacity were MUXBA coupled ECH Sepharose 4B and Prosep
9-CHO glass beads and MUXF-Lysozyme coupled ECHh&ese 4B. Up to 96,7% CCD-specific
IgE could be removed from patients’ sera while ®@#€46 of allergen-specfiic IgE retained in the
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Introduction
1 Introduction

The immune system is the defence mechanism of hsianachall other animals to protect their
organism from disease by preventing invasion andgeition of pathogens.

Our immune system can be divided into two subckstee adaptive and the innate immune

system. Innate immunity consists of biochemicalysatal and cellular defence mechanisms and
stands for fast and early defence against micrdbesacts on common structures of pathogens and
therefore is able to respond to infections rapidly.

Adaptive immunity on the other hand develops assponse to an infection and recognizes
specific structures (antigens) what leads to tioglyetion of antibodies.

Although the immune system exists to protect aramiggn, it sometimes can cause damage and
diseases by itself. Such diseases are termed leyys#igity reactions and are mostly mediated by
antibodies.

According to Gell and Coombs four different type$ loypersensitivity reactions can be
distinguished [1].

Tab. 1: Classification of immune mechanism of tissiinjury by Gell and Coombs [1]

Type of hypersensitivity | Mediators Mechanism of damage
reaction
Type I (immediate IgE antibody Release of histamine and other
hypersensitivity) mediators from mast cells
Type Il (cytotoxic or antibody IgM and IgG antibodies boundComplement mediated
mediated hypersensitivity) to cell surface or extracellularecruitment and activation of
matrix antigens leukocytes, opsonization and
phagocytosis of cells,
abnormalities in  cellular
functions
Type Il (immune complex Circulating immune complexgsComplement mediated
mediated hypersensitivity) of antigens with IgM or IgG recruitment and activation of
antibodies leukocytes
Type IV (delayed or T cellCD4" and CD8 T cells Activation of macrophages| ,
mediated hypersensitivity) direct killing of target cells and
cytokine mediated
inflammation

Of all four hypersensitivity types immediate hypsitivity (type 1), which is a classical
immunoglobulin E (IgE) mediated allergy, is the mfsisquent one. It is caused by an immediate
immune response of an individual to an environmeaéigen, which leads to differentiation of
naive T cells into CD4T-helper cells (12 cells). T2 cells further activate the production of IgE
antibodies, directed against the presented steiciaor B cells (for details see Fig. 1 ). These
antibodies bind to FRI receptors on mast cells and basophile granuéscghd when coming in
contact with the antigen again this leads to cfimésag of these receptors by allergen bound IgEs
and activation of the cells which immediately reskea variety of cytokines and other mediators.
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Introduction

These mediators further cause effects like vastadidm, contraction of bronchial and visceral
smooth muscles and increase of vascular permsaldiactions commonly known as allergies [2-
3].

Q
“L Antigen is processed by APC
/ and then presented to naive T
cell, Inthe presence of L4,
Membrane tha naive T call davelops into
lg

e }\ an antigen-specific TH2 cell.

Membrane IgE

|L-4/IL-13 £ Antigen is processed by B cell and
then is presented in THZ cell via MHC
Il; The CD40 on the B cell binds to
the TH2 cell via CD40 ligand on the
THZ eell surface. The THZ cell then
produces more IL-4 and IL-13, which

\ Allergen-speacific causes the B cell to start making

IgE antigen-specific IgE. The B cell can
Y Y \( then differentiate into plasma cells,
which can produce more antigen-
specific IgE. The IgE can then bind to
the surfaces of mast cells and baso-
phils via the high-affinity IgE receptor

High-affinity
IgE receplor

Fig. 1: Steps of the formation of a hypersensitivit type | reaction: after the first contact with the
allergen T42 cells are activated which stimulate allergen-spéic IgE production of B cells. Secreted
IgE binds to mast cells or basophile granulocytesia the F&RI receptor (high-affinity receptor) and

repeated contact with the allergen leads to activain of the mast cell or basophile and subsequent
release of its mediators (Figure copied from [4])

In general allergic reactions can occur as immedi@actions (minutes after repeated contact with
the allergen), late phase reactions (2-4 hourg aftew exposure to the allergen) or as chronic
allergic inflammations.

1.1 Allergens and allergy tests

Allergens are usually environmental proteins orngicals bound to proteins to which an allergic
individual is frequently exposed and which thendlda immediate hypersensitivity reactions.
Common and typical allergens are several protainpallen, animal dander, house dust mites,
foods or chemicals (e.g. like penicillin).
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Introduction

There are no structural characteristics that cdimitidy tell if a protein may act allergenic orno
Nevertheless there are some features that areatyfpicmany of the most prevalent allergens, like
low molecular weight, glycosylation and high soliipiin fluids of the body [2].

There are several ways to screen for the existehaklergies in a patient.

The most common and also cheapest form of allerggndsis might be by skin prick testing

(SPT). In this test small amounts of several alagyare introduced to the skin of a patient by
pricking it with a needle. Depending on the readiof the skin (if the patient is allergic to a

certain substance he or she will develop a rashurticaria where the allergen was placed)
conclusions about the existence and severity @flangy can be made.

Another form of testing for immediate hypersengyiwveactions would be am vitro test like
radioallergosorbent test (RAST) or the CAP FEIlAi¢floenzyme-immunoassay) method (Fig. 2).
Here allergies are determined by the amount ofgele specific IgE found in a patients’ serum.

Patant
Frmunogiatuiin E

Fig. 2: Detection of allergen
specific IgE by CAP FEIA
method. Allergen specific
IgE in patients’ serum
recognizes its  epitope.
Secondary antibody binds
to IgE and is visualized by a
fluorescent reaction (Figure
copied from [35]).
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Advantages of thesm vitro methods are that a lot of
different allergens can be tested at once andttisaless
unpleasant for the patient.

A big disadvantage would be that the concentratibn
IgE in a serum poorly correlates with the seveanty
clinical symptoms of a patient and sometimes adlerg

specific IgE can not even be detected despite 8
sensitization. = .‘ & Fi::;.*.mglenn

Fudgirale
So the best way to diagnose a type | hypersertsitivi *a®

would be the combination of these allergy tests.

Canpigata boamnd
o patien! gE

An interesting matter that was observed in thi® caas
the fact that binding of IgE to allergensimvitro tests
did not always correlate with observations madsmi .

Two discrepancies betweam vitro tests and SPT could
be observed: either a positive SPT and a negath&TR
test or the other way around. In general a posikia °
prick test with a negative IgE detection for thensa P
allergen in RAST is more frequent than a negatiP& S g T —
with a positive result imn vitro testing [5]. For the latter W * pepenhony
case it has been discovered that IgE antibodie } £Y o omma

. OFERCET
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Introduction

responsible for binding allergens in CAP/RAST telsta not eliciting a clinical reaction, are
directed against so called cross-reactive carba@ltgateterminants (CCDs) [6].

1.2 CCDs

The term CCD was first introduced by Alberse et who observed cross-reactions of IgE
antibodies between vegetable foods, insect venardspallen and further found indications that
the responsible antigen for this cross-reactivityudd be a carbohydrate [6].

Subsequent investigations confirmed that CCDs ardinkéd carbohydrate moieties of
glycoproteins which exhibit two main motifs, namelg al,3-linked fucose linked to innermost
GIcNAc and apl,2-xylose linked to the core mannose [7]. Bothtagges can not be found in
mammalian glycoproteins and therefore can be censibas highly immunogenic structures [7-8].

N-linked glycosylation is one of the most importgmisttranslational processes for eukaryotic
proteins and takes place in the endoplasmaticutatit (ER) and Golgi apparatus. Glycosylation is
a site specific enzyme directed process and nefedexmbrrect protein folding, stability of proteins
and membrane interactions.

In the case of N-glycosylation glycans are alwagkdd to the backbone of a protein through the
free amino group of asparagine (Asn or N) in tlrgusace context Asn-X-Ser/Thr.

Until now it can be stated that most plants ingsed so far exhibit the same spectrum of N-
glycosylated structures [9]. The main differences human N-glycans (see Fig. 3) are, as
mentioned aboveql,3-fucosylation of the inner most GIcNABL,2-xylose bound to the core
mannose and the termination of the antennae withN&t, mannose or galactose residues instead
of sialic acid.

Typical, diantennary human

N-glycan
NaNaF
(Na**Na**F*)
NeuSAcu-6Gali-4GIcNACH-2Manc, Fuee,

]
gl".l'lanjL-4GI|::NAc;+-4GIcNAcﬁ-

NeubAca-6GalR-4GlcMNAc-2Mana 4

GlcNAc ® Fuc A linkages:
N-acetylglucosamine fucose

Man @ Xyl 3 f;; ;

mannose xylose 3 2

Gal O NeuSAc €

galactose N-acetylneuraminic acid

Fig. 3: Human N-glycan as example for mammalian gloproteins. NaNaF is a typical complex-type
N-glycan containing sialic acidg9].

As these carbohydrate structures not only occunany allergens isolated from plants but also in
allergens from insects and molluscs, IgE antibodydpction against CCDs results in a broad
cross-reactivity between antigens from pollen, faod also insect venoms [6, 10-11].
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While plants possess epitopes, with 3-linked fucose anfll1,2-xylose, insect glycoproteins lack
core-linked xylose (Fig. 4) and hence only exhibé fucose structure [7, 9, 12]. It also should be
noted that xylose and fucose are parts of two wiffe epitopes leading to two distinct antibody
populations against these structures [10, 13kdtss that human anti-CCD IgE is mainly directed
against the fucose residue rather than xylose Alffjough an Italian group found xylose-specific
human IgE, they have not published this result yet.

k:i MMXF© k—% MMXF’F®
}7 MMF® }% MMF’F®
\T MUF® \% MUF’F®

Fig. 4: Some typical snail, helminth and insect Nigcans. MMXF® and MMXF *F° can be found in
snails and helminths while MMP is found in Bermuda grass (notably it contains noxylose). The
remaining glycans without xylosilation are from in®ct venoms [9].

MMXF? glycan structures from horseradish peroxidase (H&fl MUXPF from the pineapple
stem protease bromelain seem to be the most comginbinding structures among plant
glycoproteins (Fig. 5) [7, 9].

Two complex-type plant N-glycan structures

3 3
MMXF MUXF
Manu\ﬁ Manu_\s
3!"..1'1 al21 -4GIcNAcp-4GIcNACH- Mag[i—dG|CNAC|§—4G1CNACH—
3 3
/ P4 /£
Mane | |
XyIp Fuea Xyl Fuco

Fig. 5: Two of the most common CCD IgE inducing stictures among plant glycans. MMXPE can be
found in horseradish peroxidase (HRP) while MUXE (MUXF) is derived from bromelain, a protease
from pineapple stem. It should be noted that MUXF &cks a third mannose residue which is found in
many plant glycoproteins like on HRP [9].

Up to now IgE against CCD structures can be foum@i5%-30 % of sera gathered from patients
predominantly allergic to pollen and insect vendM-L6]. It is a wide spread opinion that IgE
against carbohydrates is primarily induced by contath pollen or also insect stings [8].
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However anti-CCD derived IgE antibodies seem ndidable to elicit a clinical reaction in most
of allergic patients. This low clinical significamavas thought to be due to low binding affinity of
anti —CCD IgE and/or poor biologic activity of tleeantibodies.

Clinical significance of anti-CCD IgE:

Concerning the first hypothesis, low binding affyncould be excluded by experiments from Jin et
al. where binding affinities of anti-CCD IgE andyd were determined and turned out to be quite
high [14]. It was also shown that anti-CCD IgG ditad a stronger binding affinity than IgG
directed against peptides. As the anti-CCD IgHEditia the sera of most patients were low it was
assumed that IgG anti-CCD in allergic patients raetyas blocking antibody by competing with
IgE for allergens and hence prevent the developwietiinical symptoms.

Poor biologic activity of cross-reactive CCD speclfE was confirmed by van der Veen et al. by
inhibition experiments and basophile histamineaséeassays (BHRA) [16]. In this study about 1/3
of patients allergic to grass pollen showed sigaiit IgE levels against peanut allergens in RAST
tests, without having a positive SPT or any allergymptoms directed to peanuts. In 91 % of
screened patients’ sera (with positive RAST anchtieg SPT for peanut allergens) anti-CCD IgE
could be detected and only a poor allergic reagtmould be observed in BHRAS in some patients
after treatment with high doses of peanut allergén&as suggested that detection of anti-CCD
IgE in RAST is due to monovalent binding of IgEparts of the glycan epitopes which in vivo

would not be sufficient to activate mast cells asdaphiles and lead to clinical symptoms.

Another study showed that even the polyvalent giyotein HRP, which exhibits seven N-glycans
with CCD structures[17], was not able to elicit@sipive SPT in 80 % of patients showing anti-
CCD IgE reactivity in RAST tests [15].

However there are some studies demonstrating ¢fiatahtibodies directed against plant glycan
structures are able to trigger histamine releas® fnast cells and basophile granulocytes [18-20].

Although these experiments prove the biologic @gtief anti-CCD IgE this does not mean that
mediator release of effector cells automaticalbutes in the occurrence of clinical symptoms.

If this was true than more or less all patientfesufg from pollen allergy must also develop
allergies to all plant derived foods, which obvilyus not the case.

In a more recent trial clinical irrelevance of Igiatibodies against CCDs from plants could be
indicated by a double-blind placebo-controlled atallenge (DBPCOC) [21]. None of the allergic
patients exhibiting significant biological activigf anti-CCD IgEin vitro, showed any clinical
symptoms in SPT and DBPCOC after treatment withatlezgen.

Therefore IgE antibodies directed solely againsDE€€an be rated as clinically irrelevant for the
majority of patients.
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Introduction
1.3 Aim of this work

As CCD induced IgE antibodies frequently lead tsdapositive diagnosis im vitro allergy
diagnosis (when natural allergens are used) anriapotask would be the discrimination between
anti-CCD and anti-peptide IgE. This would prevennecessary avoidance of “allergens” and
inappropriate immunotherapy of atopic individualsieth could cause even new real allergies.

To achieve this goal anti-CCD IgE has to be detkeated/or removed from patients’ sera which
undergoin vitro screening for allergen-specific IgE antibodiedeAden specific IgE levels on the
other hand should not have changed after the tedtta further assure accurate allergy diagnosis.

The two main steps of this work are first to creaferoper affinity matrix for efficient removal of
anti-CCD IgE antibodies from the serum of allergatients and second to optimize the working
process and amounts of material for optimal bindiffopity and capacity of the, in our case, solid
support.

To develop an anti-CCD IgE absorbing device, déférmatrices have to be coupled with various
amounts of typical CCD glycans. By incubating thatmees with sera of allergic patients, only
CCD specific IgE antibodies occurring in these sdrauld be removed and hence lead to more
accurate results in subsequently perfornmedtro allergy tests. The whole incubation and binding
procedure is performed in small filter tubes whire matrix is added, settled and then incubated
with the serum. Afterwards the serum can easilyelb@ved from the gel by centrifugation.

In this work ELISA and CAP test (Phadia Diagnostitéppsala, Sweden) are chosen for
determination of anti-CCD and allergen specific Ilg&fore and after incubation of sera with the
matrix.

In several trials the adequate amount of couplgdogleptide for efficient removal of anti-CCD
IgE should be determined.

For CCD glycan structures many sources would beladbla like various plant or insect
glycoproteins. The limiting factor in this caseascessibility of the structures and costs of the
different sources.

For our purpose we chose the MUXglycopeptide (MUXF) which was gained by protease
digestion of bromelain from pineapple stem.

A maybe weak point of MUXF could be that it doeg awhibit al,3-mannose residue as it is the
case for the majority of plant N-glycan structuli&ée in HRP, several lectins or the grass pollen
allergen Phl p1 [9]. In absence et,3-mannose, fucose and xylose residues are mexilé
exposing to the space. Previous studies by Jin etidtvat glycoconjugates with the MUXF
structure inhibited anti-CCD IgE binding more eiffictly than conjugates with the MMXF
structure (see Fig. 9). Additionally, more comma@DLCstructures could be derived from HRP or
allergens from insect venoms but these are rattpnsive sources and were therefore not chosen
for our experiments.

Furthermore MUXF has been shown to successfulljpinhinding of CCD derived IgE antibodies
to other glycan structures or detecting anti-CCB Ig CAP test in several experiments [15, 18,
22].

After an appropriate combination of matrix and glyeptide (-conjugate) has been determined the
working process should be optimized and optimabsabf solid support and serum for efficient
anti-CCD IgE removal should be found.
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Materials and Methods

2 Materials and Methods
2.1 Preparation of MUXF? - Glycopeptide from pineapple stem bromelain

Bromelain extraction

30 g crude bromelain (Sigma No. B4882) are dissbiwe200 ml 0,05 M potassium phosphate
buffer at pH 6.1 and stirred 1 h in cold room aC4The mixture is centrifuged at 4°C, 10000 rpm
for 20 minutes (in a Du Pont SLA 1500 rotor). Thepernatant is used for further preparation and
the pellet is discarded.

Cation exchanger chromatography

Batch-process: The gel (SP-Sephadex C50, Pharmacegjuilibrated in starting buffer (0,05 M
KH,PO,, pH 6,1) in a suction filter. The supernatant frar.1 is mixed with the gel and sucked
off. To remove non-binding particles the gel is e several times with starting buffer. The
column (5 x 17 cm) is filled with this gel.

Elution is done at 4°C (cold room) with elution fasf(0,3 M NaCl in starting buffer). 60 fractions
with 12 ml (= 400 drops) are collected. The fracticare tested by orcinol-method and fractions
containing the desired product are pooled and Iyised overnight.

Acetone precipitation

50% acetone precipitation: After lyophilisation theoduct is dissolved in 50 ml cold ¢Bl and
while stirring (magnetic stirrer) 50 ml ice-coldetigne (for analysis) is added. The mixture is put
on -80°C for 15 min. After centrifugation (centgfer RC5C Sorvall Instruments, Du Pont SN
8800066, SS34 rotor) at 8000 rpm, 15 min the swgtam is again precipitated. Pellet is not
discarded!

70% acetone precipitation: 40 ml of acetone areddd the supernatant (while stirring) and put on
-80°C for 15min. Centrifugation with 8000 rpm, 15mi

The pellets from both precipitations are dissolwedH.O.

A flask is weighed before putting the dissolvedigislin (for pronase digestion afterwards), then
the solution is lyophilised over night.

Pronase digestion and gel filtration

The lyophilised product is dissolved in 100 ml leuf{0,15 M Tris/HCI pH 7,8 with 1mM Cag}l
per gram and denatured 30min at 80°C in water batten 2% Pronase (Protease from
Steptomyces griseuSigma) is added and the mixture is incubated7a€C3ver night. Before gel
filtration the digestion is put on a rotary evagorauntil a volume of about 20ml is reached. The
product is applied to the gel (Sephadex G50 superfPharmacia) of the column (2,5 x 120 cm)
and 60 fractions with 12 ml (= 400 drops) are ai#te over night (running buffer: 1% acetic acid)
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Fractions are tested by orcinol method and UV di#swe is measured at 280 nm. Fractions
containing the desired product are pooled and Iygeld overnight (flask is weighed before filling
the fractions in). Then pronase digestion andigedtion are repeated once.

Glycopeptide purification by anion exchanger chromgography

The lyophilised pool is dissolved in 50-60 ml stegtbuffer (0,05 M Ammoniumacetate pH 8,8)
and the pH is adjusted to 8,8 with ammoniac. Thie(§ephadex DEAE A25, Pharmacia ) is
equilibrated in a suction filter and filled intoetltolumn (2,5 cm x 20 cm). The sample is applied to
the gel and the gel is washed with at least onanaolvolume of starting buffer. Fractions are
collected as soon as the sample is put on theAdetwards 300 ml starting buffer and 300 ml
elution buffer (0,4 M NaCl in starting buffer) apeepared in a gradient mixer. Elution is done by
applying a linear gradient, 60 fractions (12ml) endlected over night.

The fractions are tested by orcinol-method and B¥oabance at 235 nm, fractions containing the
desired product are pooled and lyophilised ovehntnig

To remove salts the lyophilised product is dissolirea few ml of 1% acetic acid and applied to
the gel (Sephadex G25 fine, Pharmacia, Columnx 58 cm). 30-40 fractions (6 ml) are collected
(running buffer: 1% acetic acid). The protein isedlimined by orcinol-method and UV absorbance
(235 nm). Fractions containing MUXF are pooled dyaphilised overnight (flask is weighed
before adding the probe for lyophilisation).

As a final step the product should be controlledmiass spectrometry.

2.2 Coupling of MUXF-glycopeptide to proteins

Material:
* Buffer A: 0,1 M KH,PQy, pH 7,2
« Buffer B: 0,4 M sodium tetraborate, pH 10,0
» Elution buffer: 50 mM NHAc, pH 5,5

2.2.1 MUXF-BSA

MUXF (1,36 umol) is dried in a Speed-Vac. The sariplmixed with 100 ul of Buffer A on ice.
500u! DFDNB (6% 1,5-difluoro-2,4-dinitrobenzene nmethanol, w/v) and 70ul 7 M guanidine-
HCIl are added and incubated at room temperaturgSanin. The reaction mixture is extracted by
1ml of diethylether three times by vortexing thbduigorously. The mixture is spun down shortly
and the organic upper phase is discarded. Thauess dried in the Speed-Vac again.

If the sample is not pure, the activated glycopkgstiare separated by Sephadex G25 fine (1 x 50
cm, 30% methanol, 100 drops/fraction). The firaitedl orcinol positive peak should be the
activated glycopeptides.

100 pl 10% BSA (about 150 nmols, w/v) in Buffer Badded and the mixture is incubated in the
dark at room temperature over night. The BSA coaljelg) are then purified by gel filtration using
BioGel P 30 (1,5 x 50 cm, medium 130 + 40 um, BidR#&:irst the column is washed with one
column volume of elution buffer. After applying tlsample (diluted with elution buffer up to
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500ul) the column is eluted with elution buffer (d@ps/fraction, ca. 2ml fraction size). Then the
protein content is determined with the Micro BC/Aprotein assay kit and sugar is determined by
orcinol method.

2.2.2 MUXF-Lysozyme

5 mg MUXF are dissolved in 100 ul of Buffer A oreic500 ul DFDNB (6% 1,5-difluoro-2,4-
dinitrobenzene in methanol, w/v) and 70 pl 7 M gdere-HCI are added and incubated at room
temperature for 15 min. The reaction mixture igaoted with 1 ml of diethyl ether three times by
vortexing the tube rigorously. The mixture is splown briefly and the organic upper phase is
discarded. The residue is dried in the Speed-V&gophilised.

2,5 mg Lysozyme are dissolved in Buffer B and 10@ne added to the MUXF. The mixture is
incubated in the dark at room temperature overtnilhe conjugates are then purified by gel
filtration using BioGel P 30 (1,5 x 50 cm, mediurB01+ 40 pm, BioRad). First the column is
washed with one column volume of elution buffertekfapplying the sample (diluted with elution
buffer up to 500 ul) the column is eluted with &uatbuffer (40 drops/fraction, ca. 2 ml fraction
size). Then the protein content is determined withMicro BCA™ protein assay kit and sugar is
determined with the orcinol method.

2.2.3 Quantitation of total protein by Micro BCA ™ protein assay kit

The quantitation is done with the Micro BEAProtein Assay Kit (Pierce).

A fresh set of protein standards is prepared butidd the 2.0 mg/ml BSA stock standard,
preferably in the same diluent as the sample.

Tab. 2: Preparation of standards for BCA protein deermination

Volume of BSA to add ful) Volume of diluent to add @l) Final BSA concentration @g/ml)

50 (STOCK) 450 200 (A)
268.8 (A) 89.6 150 (B)
198.4 (B) 99.2 100 (C)
137.6 (C) 137.6 50 (D)
115.2 (D) 172.8 20 (E)
128 (E) 128 10 (F)
96 (F) 96 5 (G)
32 (G) 128 1(H)
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Preparation of the BCA working reagent: 25 partdlafro BCA™ reagent MA (75ul/sample) and
24 parts of Micro BCA" reagent MB (72ul/sample) are mixed with 1 part of Micro BEA
reagent MC (3uU/sample).

When the Micro BCAY reagent MC is initially added to the solution bé tother two reagents, a
turbidity is observed that quickly disappears upworing, yielding a clear green working reagent.

Then 150ul of each standard or unknown sample are pipetieal the appropriate wells of the
microtiter plate.15Qd of the diluent are used for the blank wells.

150 ul of the working reagent are added to each well #veth the plate is mixed well on a plate
shaker for 30s. The plate is covered and incubategi”C for 1h. After incubation the plate is
cooled to room temperature. Then the absorbanaddshe measured at or near 562 nm on a plate
reader. For evaluation the average 562 nm readingedch standard or unknown sample is
calculated.

A standard curve is prepared by plotting the avetagnk corrected 562 nm reading for each BSA
standard versus its concentratiorugiml.

2.2.4 Orcinol Test

5 pl of each sample are transferred into a singlk @f a 96-well microtiter plate (e.g. Sarstedt*
96-Well Microtest Plate, PS, Flat). 200 ul of oatdimeagent (200 mg orcinol in 75 mb$&O, and

25 ml HO) is added to each well containing a sample. Aféeds the plate is covered and put on
80°C for 45 min (or on 90°C for 30 min). The optidansity (OD) is measured at 405 nm with a
SLT Spectra plate reader.

2.3 Coupling glycopeptides to matrices

2.3.1 Poly-L-Lysine Agarose
Material:
* Poly-L-Lysine Agarose, Sigma-Aldrich, P1666
* EDC (1-ethyl-3-(3-dimethylaminopropyl)carbodiimitigdrochloride), Pierce
* Sulfo NHS, Pierce

NH,
H-[NH-CH,-CH,-CH,-CH,-CH-CO],-OH

Fig. 6: Structure of Poly-L-lysine
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Coupling MUXF to Poly-L-lysine-Agarose via EDC andSulfo-NHS

20 mg of MUXF are dissolved in 1 ml 0,15 PBS, pR.7n the meantime, 0,4 ml of Poly-L-
Lysine-Agarose are washed with PBS three times (@00ach). MUXF-bromelain solution is
added to the gel cake (depleted of PBS buffer)zamdare taken out for orcinol test.

EDC (MW 191.7) is dissolved in water to give a cemication of 1 M (191.7 mg/ml). Sulfo-NHS
(MW 217.14 g/mol) is dissolved in water to giveancentration of 50 mM (10.859 mg/ml). Then
100l of EDC and sulfo-NHS are added to the mixturgpeztively. Sul are taken out for orcinol
test. The mixture is incubated at room temperatare2 h. The residual reagent is removed by
centrifugation using a centrifugal filter (10 00@ay 1 min) and the gel is washed 3 times with 500
ul PBS buffer. 5ul from each washout are taken for orcinol testdotml the coupling efficiency.

Coupling MUXF-BSA to Poly-L-lysine-Agarose via EDCand Sulfo NHS

1 mg of MUXF-BSA is dissolved in 1 ml 0,15M PBS, pt2. In the meantime, 0,4 mL of Poly-
Lys-Agarose are washed three times with 500ul PB®&n the MUXF-BSA solution is added to
the gel cake (depleted of PBS buffer)ul5are taken out for orcinol test. EDC (MW 191.7) is
dissolved in water to give a concentration of 11@1,7 mg/ml). Sulfo-NHS (MW 217.14 g/mol) is
dissolved in water to give a concentration of 50 r@,859 mg/ml). 10Ql of EDC and sulfo-
NHS are added to the mixture, respectivelyl &re taken out for orcinol test. Then the mixtisre
incubated at room temperature for 2 h. The residegdent is removed by centrifugation using a
centrifugal filter (10,000 g for 1 min) and the gelwashed with 50Q1 PBS buffer 3 times. &l
from each washout are taken for orcinol test.

2.3.2 EDA / EPOXY disk

EDA disk:

Before working the buffers and ligand solution filtered through a 0,45 uM or 0,22 uM filter.

The CIM® Disk Monolithic Column (BIA Separationsuétria) is assembled with the appropriate
disk (Catalogue No.: 210.5116) and put on the HPLIt& column is washed with ca. 10 ml of a 50
mM Na-phosphate buffer, pH 7,5 at a flow rate & al/min. The amino groups are activated by
pumping at least 1 ml of the 50 mM Na-phosphatdebuontaining 1 % glutaric dialdehyde
through the column. Then the disk is removed fromhousing and put into a beaker with 10 ml of
the same activating buffer at room temperature oiggt.

The disk is put back into the column and, to remtheeexcess glutaric dialdehyde, washed with
ca. 10 ml of 50 mM Na-phosphate buffer, pH 7,8hatworking flow rate.

The ligand solution is prepared by dissolving 2 migMUXF-BSA in a 50 mM Na-phosphate
buffer. At least 8 ml of this ligand solution shdude pumped through the column to completely fill
the pores of the disk and the flow through is @iéld in a beaker. Afterwards the disk is removed
from the column and incubated with the flow through 24 hours at room temperature (beaker
should be covered).

Then the disk is reinserted in the column and washkigh ca. 10 ml of 50 mM Na-phosphate
buffer at a flow rate of 1-3 ml/min. Subsequentig tolumn is rinsed with 10 ml of 50 mM Na-
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phosphate buffer containing 1 M NaCl at a flow ratel-3 ml/min. Afterwards the column is re-
equilibrated with 10 ml of the 50 mM Na-phosphatéfér at the same flow rate as before.

For longer storage time the disk is removed from ¢blumn and kept in a sealed plastic bag in
0,02 % NaN at 4° C.

EPOXY disk:

Before working the buffers and ligand solution &ltered through a 0,45 uM or 0,22 uM filter.
The CIM® Disk Monolithic Column is assembled withet appropriate disk (Catalogue No.:
213.7175) and put on the HPLC.

The ligand solution is prepared by dissolving 3 migMUXF-BSA in a 0,5 M Na-phosphate
buffer, pH 8. The column is equilibrated by washihwith ca. 5 ml of the 0,5 M Na-phosphate
buffer at a flow rate of 1-3 ml/min. At least 1 mwi the ligand solution is pumped through the
column to fill the monolithic pores and the flowralngh is collected in a beaker. The disk is
removed from the column and put in the beaker withflow through. The beaker is covered with
parafilm and left on room temperature for 24 hotitsen the disk is reinserted in the column and
washed with ca. 5 ml of 0,5 M Na-phosphate bufiét,8, at a flow rate of 1-3 ml/min. The excess
EPOXY groups are blocked by incubating the diskhwit ml of 1M ethanolamine at room
temperature overnight.

Afterwards the column is rinsed with ca. 5 ml d 8) Na-phosphate buffer containing 1 M NaCl
at a flow rate of 1-3 ml/min. Subsequently the omtuis re-equilibrated with 5 ml of 0,5 M Na-
phosphate buffer at the same flow rate as befareldhger storage time the disk is removed from
the column and kept in a sealed plastic bag in @02aN; at 4° C.

2.3.3 Chromatography with monolithic affinity columns

Tha samples are added to the fast monolithic chir@gnaphy supports equipped with the
appropriate monolithic disk and the chromatographyg evaluated with an UV-VIS detector at
280 nm (SPD-10A, UV-VIS detector, Shimadzu).

After the system was washed with buffer A (50 mMM#sphate buffer, pH 7,5), the samples
were added. Elution is done with buffer B (0,2 M/Gihe, pH 2,2).

Programme:
Time (min) Buffer A (%)
0,1 100
6 100
6,5 0
9 0
9,5 100
13 100

A flow rate of 1ml/min was chosen.
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2.3.4 Eupergit

Material:

* Eupergit ® C, Sigma-Aldrich

* Eupergit ® CM, Sigma-Aldrich

e Eupergit ® C250L, Sigma-Aldrich
e 1,2 M Potassium phosphate buffer, pH 7,0: 320 M K;HPQ,, 40,68 ml 2M KHPQ,,

100 ml dBHO

Tab. 3: Characteristics of the different Eupergit matrices [23-24]:

Immobilization product Pore size |Activated group Density activated group
Eupergit® C 10 nm Oxirane 600 umol/g
Eupergit ® CM 10-100 nm | Oxirane 300 umol/g
Eupergit ® C250L 100 nm Oxirane 300 umol/g

Eupergit ® C/ CM/ C250L was kindly provided by Dtoland Ludwig (Research Centre Applied

Bio Catalysis, Division of Food Biotechnology, BOKU

The desired amount of MUXF-BSA is dissolved in 101n2 M potassium phosphate buffer, pH 7.
The solution is added to 1 g of dry Eupergit beauts put on a rotating wheel at room temperature
for 48 hours. Then the beads are washed with 40fRBS in a filter syringe. To determine the
efficiency of the coupling process, the proteinaamtration in the washout is determined by BCA
method. Blocking is carried out with 4 ml of 5 %\vaqueous 2-mercaptoethanol or with 0,5 %
BSA in TTBS at 4°C on a rotating wheel over nightterwards the Eupergit beads are washed

again with 40 ml of PBS. The coupled Eupergit et in PBS at 4° C.
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14




Materials and Methods

2.3.5 ECH Sepharosé" 4B

Material:

ECH Sepharos& 4B, GE Healthcare

Tab. 4: Technical specifications of ECH Sepharos& 4B [25]:

Group to be coupled - NH

Coupling conditions pH 4.56, 4°C to 25°C, 1524 h; organic

solvents possible

Matrix Agarose, 4 %

Average particle size 90 um

Spacer arm 6-amino caproic acid, 10 atom
Substitution 12-16 pumol carboxyl/ml medium
Storage temperature 4°C to 8°C

Coupling of MUXF —BSA/Lysozyme to ECH Sepharose 4B

1. 5 ml of sedimented matrix are washed on a sintgtasks filter with 200 ml (in aliquots)

distilled water (pH adjusted to 4,5 with HCI) faled by 200 ml 0,5 M NaCl. The almost
dry gel is transferred into 2 ml Eppendorf tubegstimate the amount (you should end up
with about 3 ml gel).

Coupling: the desired amount of MUXF conjugate is dissolvedater (pH adjusted to 4,5
with HCI). This ligand solution is added to the gela ratio of about 1:1 (3ml dry gel + 3
ml ligand solution). EDC is added to a final cortcation of 0,1 M (from a 1 M stock
solution with dHO pH 4,5) and the pH is adjusted to 4,5 again Wi@i. Then the mixture
is put on a rotating wheel at 4°C. During the flisur of coupling the pH to 4,5 is adjusted
again with 0,1 M NaOH. The coupling reaction ig kf4° C over night.

Blocking: the gel is blocked with Ethanolamin in an end @miation of 0,1 M, over
night (ligand solution eventually can be removeébtee adding Ethanolamin). For a 1 M
solution 142 pl Ethanolamin-Hydrochloride 60% swmintare dissolved in 858 ul dB pH
4,5.

The product is then washed thoroughly with attl¢lasee cycles of alternating pH. Each
cycle consists of: 0,1 M sodium acetate (or acaticd) pH 4 containing 0,5 M NaCl,

followed by a wash with 0,1 M Tris-HCI buffer pHc®ntaining 0,5 M NaCl. In the end the
gel is washed with distilled water.

ECH Sepharose is transferred to a 15 ml Falcon witie4 ml PBS, pH 8 and NaNs
added in an end concentration of 0,2 % for storage.
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2.3.6 Agarose beads

Material:
* Glyoxal agarose beads, HISPANAGAR (Spain)
* Aminoethyl agarose beads, HISPANAGAR (Spain)

Glyoxal agarose beads:

Tab. 5: Technical specifications of Glyoxal agaroseeads [26]

Immobilization product Glyoxal agarose beads
Bead (geometry, size) Spherical, Standard: 40-18@n (approx.)
Cross-linked, autoclavable Yes, 122C, 30 min

Storage temp. and antimicrobial| 2-8°C, suspension in 0.5 M NaCl containing 0.02%

agent thimerosal

Matrix active groups Agarose with some diols oxidized to aldehydes
Product Name Low density glyoxal agarose

Agarose (%) 4 BCL (4BCL-GLO-X) 6 BCL (6 BCL-GLO-X)
S\glt)iviation degree (@mol glyoxyl/ml 15 — 25 15 — 25

Binding capacity (mg BSA/ml gel) 5-10 5-10

1 ml of glyoxal agarose beads is washed with 10dKHO using a glass filter or a filter tube
(Millipore). The desired amount of MUXF-BSA is didged in a 50mM bicarbonate buffer, pH
10,05 and 9 ml of this ligand solution are mixedhwi ml of agarose beads. The following steps
should be carried out at 4°C if the ligands arestable at room temperature.

The mixture is put on a rotating wheel at 4°C fdndurs. A longer incubation time may lead to a
stronger interaction of biomolecule and agaroseddedaut also could lead to unfavourable
distortions.

After the coupling step 10 mg solid sodium borolyelrare added to the suspension and stirred for
30 minutes in an open container at room temperaturallow hydrogene to escape. Then the
suspension is washed with a 25 mM phosphate byffér7, using a vacuum filter to eliminate the
excess of borohydride. Subsequently the coupledoagabeads are washed with,@Hin a filter

and stored in PBS, pH 7,4, with 0,2 % Nail4° C.
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Aminoethyl agarose beads:

Tab. 6: Technical specifications of Aminoethyl agarse beads [26]

Immobilization
product

Aminoethyl agarose beads

Bead (geometry,
size)

Spherical, standard: 40-18@n (approx.)

Storage temp.
antimicrobial agent

2-8°C, suspension in 0.5 M NaCl containing 0.02%m#rosal

Cross-linked,
Autoclavable

Yes, 121°C, 30 min

Matrix active
groups

Amino groups

Product name

Low density Aminoethy
agarose 6 BCL (6BCL-ALO-X

Very low density Aminoethyl agarose |4

BCL (4BCL-AVL4-X)

Agarose (%) 6 4
Activation  degree| 15-25 3-6
(umol

aminoethyl/ml gel)

Binding capacity | 2-6 2-4

(mg BSA/ml gel)

1 ml of aminoethyl agarose beads is washed witmtlo6f dH,O using a glass filter or a filter tube.

A solution of 8,85 ml

dpO containing 0,19 g EDC (1-(3-dimethylaminoprop$#)-

ethylcarbodiimide hydrochloride) and the desiredban of MUXF-BSA is prepared. Hence the

ligand is not stable at room temperature the falhgwsteps were carried out at 4° C.

1 ml (about 0,7 g) aminoethyl agarose beads arecattlthe ligand solution and put on a rotating
wheel at 4° C for 2 hours.

Afterwards the beads are washed withy@Hto eliminate excessive reagents, then with 1 ACN
and finally with dHO again. Subsequently the coupled aminoethyl agabeads are stored in
PBS, pH 7,4, with 0,2% Naj\t 4° C.
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2.3.7 PROSEP 9-CHO glass beads

Material:
» Prosep-9 CHO glass beads, 1000 A, Millipore

The Prosep-9 CHO matrix contains of porous glasis interconnected pores of the same size. It is
chemically and mechanically stable and insolubler@/wide range of conditions such as low pH,
exposure to detergents, differing pressure etc. mha&ix does not swell or shrink in different
solutions and is extremely durable and incompréssib

Proteins and other molecules can be covalentlyledup Prosep-9 CHO via their primary amino
groups.[27]

Coupling process:

The desired amount of MUXF-conjugate is dissolve®BS buffer pH 7,4. 150 mg Prosep-9CHO
glass beads are mixed with 1 ml of this ligand sotu The beads and ligand solution are mixed on
a roller mixer at 4° C for 4 hours. Afterwards ghe (final concentration: 0,2 M) and sodium
cyanoborohydride (final concentration: 0,05 M) digsolved in PBS, and added to the glass beads.
The beads are mixed with this solution at room temaure for 1 hour (after 15 minutes the cap of
the tube is opened to allow the exposure of gases the mixture). The tube is then left in a fume
with the top loose for about 10 hours at room tenapeee.

Then the glass beads are washed with PBS ten tirwgethylene glycol 20 000 (1% wi/v) is
dissolved in PBS, and mixed with the beads for artad 4° C. If required the glass beads can be
additionally blocked with 0,5 % BSA in PBS for abbkt 2 h at 4°C on a roller mixer. Finally the
beads are washed with PBS and stored in PBS at 4° C

2.4 Human Sera

Before applying to the column, all sera were céged in filter tubes at 12000 x g for 1-2 minutes
to remove lipids and dead cell contents which aties would block the matrix during incubation.

Most sera used were obtained and kindly providetbiy.-Doz. Dr. Wolfgang Hemmer from the
Allergy Centre Floridsdorf (FAZ).

CCD positive sera with negative SPT:

Bormelain
CAP Total
Serum No. (KU/L) IgE Allergy types CCD positivities
ragweed: CAP 15.4 kU/,
skin test negative; birch:
CAP 11.2 kuU/l, skin test
negative; wheat flour: CAP
HE 8.4 375 | 11.2 kU/I, skin test negativg CCD positive
DO1 1.7 15 CCD positive no allergy
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Sera of patients with pollen allergies and evetlyu@CD IgE:

No. Skin test | Total IgE| Birch | Betv 1| grass|Phl p 1/5|hdm | Der p 1| Fel d 1| Others

D03 grass birch78 7.00 5.60 alternaria 4,2
D04 grass birch53 0.00 5.60

D06 birch 444 >100] 0.00

D09 grass 44 25.60

D10 grass 412 0.00 87.50 3210 Phip722,4
D12 birch gras$368 7.00 1.96

D20 grass 67 0.00 14.00

D22, MG| gras 740 0.4 >100

P044 Birch 4.20

Serum pools, all with anti-CCD IgE containing stcan FAZ:
e Old serum pool 3: pooled human anti-CCD sera, 6.6.0
e Serum pools 1-9, 29.1.09
* New serum pools 1-4, 24.4.09

Serum from the Division of Environmental Dermatolaand Venereology, Medical University of
Graz:

Serum | Culprit B Skin test| Skin test| IgE IgE wasp| BAT BAT

no. insect CCDs | honeybee pos. af wasp pos. at| honeybee CAP honeybee |wasp
CAP

G21 wasp +++ neg 0,1 5.59 11.5 neg pos
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2.5 Chromatography

Adsarber
gel bed

Retaining
filter

[28]

Fig. 7: Filter tubes used for incubation of matrixand serum. The serum was removed from the gel by
centrifugation and the breakthrough was collectedr the bottom of the tube. The capacity of the tube
(beneath the filter) is up to 400 pl.

50 ul of affinity gel are transferred into a filterbe (Ultrafree MC, centrifugal filter units, 0,(5%n
pore size, Millipore, see Fig. 7) and washed 3 siméh 200 pl of 0,15 M PBS, pH 7,2. After
centrifugation at 1000« g, for 1 min (to settle down the gel), the desigdount of serum
(previously centrifuged to remove lipids) is sulbgecto the matrix. The gel is incubated with the
serum for 10 min at room temperature on a shak&0@t350 rpm. After a short centrifugation
(either 1000 x g for 1 min or with the desk-centgé for a few seconds) the breakthrough is
transferred to an 1,5 ml Eppendorf tube. The gelashed twice with 50ul PBS and the washout is
combined with the breakthrough. Afterwards theigdteated with 100 ul of 0,2 M glycine-HCI,
pH 2,2, vortexed for a few seconds and centrifudée elution is collected in another Eppendorf
tube and 50 pl 0,5 M Tris-HCI, pH 7,8 are addethtotube to neutralize the elution.

In later trials the centrifugation speed beforeulettion was raised to 11000 x g as the binding
capacity of the matrix could be increased and igitubf the sample was decreased. Additionally
the washout was collected separately and not cadhith the breakthrough anymore.

2.6 ELISA

Material:
« ELISA microtiter plates: Immuno 96 Microwell platedaxiSorg™ €96, Nuné"

e TTBS buffer: 0,1 M Tris-HCI, pH 7,2, 0,1 M NaCl,2mM MgChk, 0,05 % Tween 20 in
dH,O

e Coating buffer: 42 mM N£&£0O3;, 60 mM NaHCQ and 0,02% NaB pH 9,6 in dHO

» Blocking buffer: 0,5 % BSA in TTBS

« AKP conjugated rabbit anti human IgE, BD Pharmin§én

» AKP conjugated rabbit anti human IgG, Jackson ImmBesearch

* Anti-HRP IgG: Anti-Peroxidase antibody producedabbit (P7899), Sigma-Aldrich

* Alkaline Phosphatase anti rabbit IgG (H+L), made goat, affinity purified, Vector
Laboratories
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2 pg/ml glycoprotein (HRP) or glycopeptide-conjugatddUXF-BSA) are dissolved in coating
buffer and coated onto a 96-well microtiter pladdter incubation at 37°C for 1 h, the plate is
washed with TTBS (150 pl / well) 3 times. Afterwarthe wells are blocked with TTBS buffer
containing 0,5% BSA (50 ul / well) and incubatedB#&C for another 1 h. The plate is washed 3
times with TTBS buffer and 50l from each sample are added to an individual widle plate is
then incubated at 8C for 1 h. After washing with TTBS buffer 3 timdsetappropriate antibody is
added (5Qul/well) and incubated at 8C for 1 h. After another washing step (3 times WitfBS),
visualization is carried out with 5@! of 0,1% PNP (p-nitrophenyl phosphate) in 0,1 M
diethanolamine, pH 9,8.

The colour reaction is stopped after 60 min of bation at room temperature when detecting IgE.
For IgG detection a shorter developing time is seagy (check colour every 10-15 minutes). 10-
15 ul of 70% ethanol are added to each well (cairtgia sample) to remove bubbles. The plate is
read immediately at 405 nm using a SLT Sepctra pldder.

For detection of anti-CCD IgE an AKP conjugatedhbigilanti human IgE antibody was used in a
dilution of 1:500. All breakthroughs were diluted Q.

For detection of IgG an AKP conjugated rabbit dmiman IgG antibody or anti rabbit IgG (H+L)
was added in a dilution of 1:2000.

2.7 SDS Page

Material:
« SDS Page Apparatus from Biorad
« 5x Electrophoresis Buffer: 15 g/l Tris, 72 g/l Glycine, 5 g/l SDS

12,5% SDS Page, 1 Gel:

* Resolving gel:
3x 833 pl 30% Acrylamide, 780 ul 1% Bis, 2x 750 6H (0,5 M Tris/HCI, pH 6,8), 2x
570ul dHO, 60 ul SDS, 36 ul APS, 3,6 pl Temed

« Stacking gel:

570 ul 30% Acrylamide, 390 ul 1% Bis, 750 ul SGEBB (® Tris/HCI, pH 6,8), 2x 640 pl
dH,0, 30 ul SDS, 24 ul APS, 2,4 ul Temed

Assembly of SDS Page apparatus:

After the glass cassette is fixed in the castiagdthe resolving gel can be filled in with a Paste
pipette or a 1000 ul pipette. After the gel wasrpduit is overlaid with 200 pl of isopropanol
immediately. Polymerisation is taking about 45 nbasu

After that isopropanol is washed out with M+ the rest of the water between the glass plates i
removed with a kitchen towel and the stacking gal be poured on top. The desired comb is
inserted between the spacers and the gel is le80fe- 40 minutes to polymerize.

Afterwards the comb is gently removed from theweich then is prepared for sample loading.

Before the glass gel cassette can be fixed in ldwtrede assembly, the U-shaped gaskets have to
be placed in the appropriate slots of the assembly.
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The inner chamber of the apparatus is built andrgatthe tank.

Then the inner tank is filled with fresh 1x elegihoresis buffer, the outer tank with used 1 x
electrophoresis buffer. The samples mixed with ilogdouffer (containing DTT) are put on a
heating block for 5 — 10 minutes to denature thepa. Then the samples are centrifuged shortly
and loaded into the appropriate wells with a 2§lp$s syringe.

When all samples are loaded, gel electrophoresisng with 200 V constant for about 45 minutes.

After electrophoresis is done, the power supplyuisied off, the lid is removed and the used
electrophoresis buffer from the outer tank is dided. The buffer from the inner tank is stored in a
bottle for reuse.

2.8 Coomassie Staining

After electrophoresis the stacking gel part is aided and the resolving gel is put into fixing leuff
(500 ml Methanol, 70 ml HAc in 1 | di® )r for 15 minutes on a shaker. After the buffeasw
discarded, Coomassie Blue (3,8 ml PerchloracidgQ0Zbomassie Blue G-250, 10 ml Methanol in
1 1 dH,0) is added to the gel which is stained for 30 n@su- 1 hour, shaking. The Coomassie
Blue solution is put back into another bottle feuse and the gel is decolourized with 5 % HAc for
at least 30 minutes on the shaker. In the lastthiegel is washed with dB& and scanned.

2.9 Silver Staining

Material:
» Fixation buffer 40 % ethanol, 10 % HAc (v/v)

» Sensitive buffer for 200 ml: 30 ml ethanol (30%), 50 25% glutaraldehyde solution
(0.125%), 314 mg Na2S203 5H20 (0.2%), 11,3 g NaA2@ (6.8%)

» Silver buffer: for 100 ml: 250 mg AgNO3 (0.25%), 4046 of 37% formaldehyde
solution (0.015%)

» Developing buffer: for 100 ml: 2,5 g Na2CO3 (2.5%), 2@ of 37% formaldehyde
solution (0.0074%)

* Stopping buffer: 1,46 % EDTA

The resolving gel is fixed with fixation buffer f@0 minutes on a shaker at room temperature.
Subsequently the buffer is discarded and senditNter is added for another 30 minutes.

The gel is washed with ¢ for 5 minutes three times. Staining is done wwither buffer for 20
minutes, shaking. Afterwards the gel is washedawiith dHO, for exactly 30 seconds per wash.

Visualization is carried out with developing buffer 2 — 30 minutes. When the desired colour is
reached, the reaction is stopped by adding stoppurdfgr for 10 minutes. Finally 5 % HAc is
added to end the reaction.
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2.10Western Blot

Material:
« Bilotter: Trans-Blot SD, Semi Dry Transfer Cell, Biorad
» Filter Paper: extra thick filter paper, 15 x 20 cm, BIORAD
e Nitrocellulose: BioTracd” NT, 30 cm x 3 m, Pure Nitrocellulose Blotting

Membrane, Pall Corporation
e 10x Blotting Buffer: 250 M Tris, 1,93 M Glycine
» 1x Blotting Buffer: 10% 1x Blotting Buffer, 20% Methanol, 70% gbi
* Ponceau: 0,5 % Ponceau S (Sigma) in 1%-HAc
» Blocking Buffer: 0,5% BSA in TTBS
e Colour developing: Sigma FAST, BCIP/NBT, one tablet is dissolved.thml dHO

The filter paper and nitrocellulose membrane aterdo the size of the gel and soaked in blotting
buffer. The blotting cell is wiped with a wet kiteh towel soaked with blotting buffer to wet the
surface of the blotter. Then the blotting sandwglbuilt and airbubbles are removed from it by
carefully rolling a glass tube over the whole saiotiwThe blotter is closed and the blot is left for
25 min at 15 V.

Blotting Sandwich:

* 1 layer of wet filter paper
* Nitrocellulose membrane soaked in blotting buffer
« Gel

* 1 layer of wet filter paper

[29]

Fig. 8: Assembly of the blotting sandwich and blothg apparatus. 1: lid of blotter, 2: cathode
assembly, 3: filter paper, 4: gel, 5: nitrocellulos membrane, 6: filter paper, 7: spring-loaded anode
platform, mounted on four guide posts, 8: cables fqpower supply, 9: base of apparatus
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After blotting the nitrocellulose membrane is s&lrwith Ponceau solution to control if the protein
transfer worked. If the transfer was successful amough protein is present, pink bands should
appear on the membrane. Ponceau is then put backuge and the remaining solution is removed
by washing the blot a few times with gbl Subsequently the membrane is blocked with biagki
buffer for at least 1 hour.

Afterwards the membrane is washed 3 times for Sutegwith TTBS. The first antibody is added
(diluted with TTBS or blocking buffer) and the bistincubated for 1 h. The membrane is washed
3x for 5 minutes with TTBS again and if necess&gy secondary antibody can be added for 1 h.
After another washing step (3 x 5 minutes with TJB® colour is developed for a few minutes.
When the desired intensity of the colour react®rneiached the reaction is stopped by adding 5 %
HAC.
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3 Results

As the main aim was to find a combination of matind glycopeptide which successfully could
deplete anti-CCD IgE antibodies from patients’ seeveral matrices were coupled with MUXF (-
conjugates) and tested for anti-CCD IgE removal.

Previous studies in this field with several glycpi@es and matrices like Sepharose or Poly-Lysine
Agarose were done by Jin. These studies showedyiyatconjugates with the MUXF structure
inhibited anti-CCD IgE binding more efficiently thaconjugates with the MMXF structure (see
Fig. 9).
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Fig. 9: Comparison of MUXF-BSA with MMXF-BSA. Rabbit anti-HRP antiserum (A) or human
CCD-serum pool (B) was added to 96-well microtiteplate which was pre-coated with HRP (Zwg/ml).
The bound antibody was detected either with AKP-cojugated goat anti-rabbit IgG or AKP-
conjugated mouse anti-human IgE antibody pre-incubted with various amount of the indicated
inhibitors. BSA was used a negative control.

After every preparation from bromelain the occuceenf MUXF-glycopeptide was controlled via
mass spectrometry (Fig. 10).
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Fig. 10: Mass spectrum (here carried out with MALDITOF) of bromelain from pineapple stem
containing MUXF.

Previous experiments performed by Jin (resultsshoivn here) and trials in this work (see 3.4.1)
showed that coupling solely the glycopeptide toadrix often results in decreased removal of anti-
CCD IgE. When linking MUXF to another protein, eBfSA, binding capacities for anti-CCD IgE

could be increased. The difference in the removal©D-specific IgE probably was caused by
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different coupling abilities of the glycopeptidedathe glycopeptide-conjugate. Most coupling
procedures would need an amino or carboxyl groughefligand for cross-linking. Unlike the

MUXF-BSA conjugate, each MUXF-glycopeptide molecurly provides one amino/carboxyl

group. Once one MUXF-BSA molecule is coupled togheous support, it will present 5-6 MUXF

structures on the surface. Furthermore, multipkeatsmtly immobilized BSA molecules should
become much more stable than coupled MUXF alone. ddnjugation of MUXF with another

protein should also increase accessibility of MUF CCD derived IgE antibodies and hence
enhance the binding capacity of the cartridge.

Therefore in the beginning new trials with Poly-kdine Agarose coupled with a MUXF-BSA
conjugate were performed to test these assumptions.

3.1 Poly-L-Lysine Agarose

To create a proper affinity matrix, different amtsiof MUXF-BSA were coupled to Poly-L-lysine
agarose. Previous results (not shown here) shomadcoupling via EDC and Sulfo-NHS lead to
the best binding of MUXF-BSA to the agarose in cangon with EDC alone.

1 mg, 10 mg, 20 mg or 40 mg MUXF-BSA were coupled400 pl Polylysine gel, and the

effectiveness was tested by monitoring free MUXFABB coating buffer using the BCA method

(Fig. 11). Because of self-ligation the coupledafig did not increase with the amount of ligand
added. It was obvious that 10 mg MUXF-BSA did natusate the Polylysine gel, while 40 mg
MUXF-BSA did.

m Before coupling o After coupling
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© o1

0.05

0

1mg 10mg  10mg 20mg  20mg 40mg 40mg

Coupling solutions (mg MUXF-BSA)

Fig. 11: Results of BCA test after coupling of difrent amounts of MUXF-BSA to Poly-L-lysine
agarose. Aliquots of 10 ul before and after couplip of each coupling approach were evaluated. The
amount of conjugated protein was measured at an ODBf 57Q,,, by BCA method.

10 mg and 40 mg MUXF-BSA gels were chosen for erthials.

To test the anti-CCD IgE binding capacities of thv® coupled Polylysine gels, 10 pl (+ 40 pl
TTBS) and 50 ul of serum G21, a serum from a wdlspgec patient, were applied to 50 ul of
coupled gel, respectively. The breakthrough wakectdd and anti-CCD IgE occurrence was tested
via ELISA.
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Fig. 12: Serum after 10 mg and 40 mg MUXF-BSA Poly-lysine gels. The serum before column (not
shown in this figure) in a dilution of 1:10 showeda reading of ODygsnm = 0,544 and when inhibited
with 5 pg/ml MUXF-BSA a reading of ODysni= 0,156. All breakthroughs were diluted 1:10 for
ELISA evaluation. The plate was coated with 2 pg/hHRP.

The breakthrough after the 10 mg MUXF-BSA columowéd higher values in ELISA for anti-

CCD IgE than after the 40 mg column. The ratio with (serum/gel, v/v) was more efficient in
removing anti-CCD IgE from the serum than the ratfol:1. To test if the breakthrough still

contained anti-CCD IgE after the column, an aliques treated with 5 pg/ml MUXF-BSA, which

should inhibit anti-CCD-IgE left in the breakthrdugrlhe inhibition showed that the occurring IgE
was directed against CCDs as the values couldcdueed to background level.

As the 40mg MUXF-BSA Poly-L-lysine agarose was meiffecient in binding anti-CCD IgE, this
gel was used for further testing.

To determine the binding capacity of the 40 mg MUBEA Poly-L-lysine agarose the column
was treated with different dilutions of rabbit aRtiRP IgG antibody. The capacity was calculated
from the resulting ELISA values before and afteuipation of the gel with the rabbit antibody.

m Before column m After column
1.2

0.8 —

0.6

0.4 ‘ -
0.2 . [

T B T
1:500 1:500 1:1000 1:1000 1:2000 1:2000 1:5000 1:5000
Rabbit anti-HRP IgG before and after column

OD 405nm

Fig. 13: Determination of binding capacity of 40 mgMUXF-BSA Polylysine agarose. ELISA plate
was coated with 2ug/ml MUXF-BSA. 50 ul of gel weracubated with 200 pl of rabbit anti-HRP 1gG
in concentrations from 1:500 — 1:5000. Anti rabbiigG was used as secondary antibody in a dilution
of 1:2000. The colour reaction was left at room teperature for 10 min.

Simone NITSCH 27



Results

1 ml of this gel was able to bind about 150 pg itabbti-CCD IgG as judged from the ELISA
results. In detail when 7,29 (1:500, 200ul) passed through the column, 0,89 of rabbit 1gG
bound to the MUXF-BSA gel; when 3,8 (1:1,000, 20Qul) passed through, 0,64 of rabbit IgG
bound to the gel and when 1y§ (1:2,000, 20Qul) were incubated with the agarose, 0,68 of
rabbit IgG bound to the column.

The next step was to find the ratio of gel to setinat yields satisfying results concerning the
removal of anti-CCD antibodies from the serum.

50, 100, 200 and 400 pl of serum pool 3 were adaé&d pl of gel, to test at which ratio serum:gel
the anti-CCD IgE start to leak. Each breakthrougt elution was evaluated via ELISA without
and with inhibition by MUXF-BSA.
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Fig. 14: Determination of binding capacity of 40 mgVUXF-BSA Polylysine agarose. Inhibition was
carried out with 10 pg/ml MUXF-BSA. Coating was doe with 2 pg/ml HRP.

As can be seen in Fig. 14 the amount of anti-Cabdfer column (breakthrough) increased with
an increasing amount of serum.

The pure serum pool in a dilution of 1:10 gave admeg of ODgsnm = 0,429 and when inhibited
with 20 pg/ml MUXF-BSA the reading was at 0,137 efidfore the values for the serum pool after
incubation with the gel in a ratio of 1:1 coulddmnsidered as at background level.

When comparing the results for the 100 pl breaktginowith its inhibition it could be seen that the
reading for the serum after column could be reduodshckground when inhibited. This indicated
that a considerable amount of anti-CCD IgE wasaalyeescaping from the column at a ratio of
1:2. For all other ratios a clear overloading @& tfel was detectable.

A possible reason for leaking of anti-CCD IgE fr¢ime column could be the binding of anti-CCD
IgG to the gel. The concentration of IgG in theuseof a healthy patient is supposed to be around
13,5 mg/ml and IgE concentration should be abod% @ng/ml. [2] Although IgE levels rise in
individuals with type | hypersensitivities, the Ig®@ncentration is still 200-1000 times higher than
for IgE and this could lead to a displacement a&adihg of anti-CCD IgE from the column.

To test this assumption a serum pool rich in a@BCIgE (old serum pool 3) was evaluated by
ELISA for anti-CCD IgE and IgG before and after mral of IgG and after incubation with 40 mg
MUXF-BSA Polylysine agarose. 50 ul of gel were inated with 100 pl and 200 ul of serum pool.
To remove IgG antibodies, some samples were prsljidreated with Protein G Plus- Agarose gel
before applying them to the MUXF-BSA-Poly-L-LysiAgarose.
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Fig. 15: Determination of anti-CCD IgE and IgG levés after treatment of the serum pool with MUXF-
BSA Polylysine Agarose (the 40 mg version) and afteemoval of IgG with Protein G plus Agarose
gel. All breakthroughs were diluted 1:10 for IgE measurement and 1:1000 for IgG measurement.
Inhibition was carried out with 10ug/ml MUXF-BSA.

To test if the reading in ELISA was due to anti-C@EB/IgG antibodies, some breakthroughs were
treated with 10 pg/ml MUXF-BSA to inhibit eventualbccurring anti-CCD antibodies in the
samples. As can be seen in Fig. 15 anti-CCD Iglegsldid not change after inhibition, which
means the IgE antibodies could be removed fronsénem pool. For CCD specific IgG antibodies
inhibition could be observed suggesting that nbaali-CCD IgG could be removed by Protein G
and CCD-polylysine columns. The preferential bigdof anti-CCD IgE over IgG is in line with
the higher affinity of IgE as determined recently].

Therefore we concluded that the presence of ani @G in the serum did not affect the binding
of anti-CCD IgE to the MUXF-BSA Poly-L-lysine gel.

Further tests on anti-CCD IgE and IgG were perfarmgh MUXF-BSA Polylysine agarose (40
mg version), using a new serum pool with higher-@aD IgE levels, and evaluated with ELISA.
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. < Fig. 16: 50 pl of MUXF-
,,n.,! . | o = | BSA Polylysine agarose (40
anti-CCD IgG in elution mg version) tested with 50,
100 and 200 pl of a new
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With an increasing amount of serum (and a fixed @amof the coupled Poly-L-Lysine Agarose),
there was an increase of anti-CCD IgE in the seattar incubation with the gel. Nevertheless at a
ratio of gel to serum of 1:2 a quite high depletadranti-CCD IgE could be reached (see Fig. 16).
Anti-CCD IgG was also bound by the column but did seem to affect the binding efficiency and
capacity of anti-CCD IgE up to a ratio of gel towsa of 1:2.

To test if the gel is effective in removing anti-ODQYE without influencing the amount of allergen
specific antibodies a CAP test was done. Therdfoeel0 mg MUXF-BSA Poly-L-lysine Agarose
was incubated with different amounts of an anti-C&#um pool and the anti-CCD and allergy-
specific IgE levels were measured before and &féatment by CAP method. For this serum pool
serum P044, a serum of a birch allergic patierd,sserum G21 were mixed in a ratio of 1:1. 130 ul
of the 40 mg/ml MUXF-BSA Polylysine Agarose wereubated with 130 pl of the serum pool
and the breakthrough was collected (and not cordbimigh the washout). The CAP test was
performed at the FAZ.

= Anti-Bet v 1 IgE === Anti-CCD IgE
12 -+ 1

10 ¢

RAST kU/L
o
=2
tn
Anti-CCD IgE

Before After

Fig. 17: CAP results for the second serum pool aftéreatment with 40 mg MUXF-BSA Poly-L-lysine
agarose. Cut off for allergy detection is at 0,3KUI/I.

The CAP test revealed results similar to the pieviBLISA tests. At a ratio of gel to serum of 1:1
more than 80 % of anti-CCD IgE (before cartridg@4®, kU/I; after cartridge 0,185 kU/I) could be
removed from the serum while allergen specific ([@Ethis case Anti-Bet vl IgE) was slightly
decreased (15 %, before cartridge 9,64 kU/|, aftetridge 8,15 kU/I) after incubation with the
Poly-L-lysine Agarose. In the CAP test system theaff for positive allergy detection is 0,34
kU/l. Hence after incubation with the MUXF-BSA cdeg polylysine matrix, the serum became
CCD-negative.

Compared to other matrices a lot of MUXF-BSA (mtiven 30 mg/ml matrix) had to be coupled to
the polylysine agarose to get to a satisfying remhot anti-CCD IgE from the sera.

In later trials new MUXF-BSA coupled polylysine gelere prepared (0, 1, 3, 6 mg/ml MUXF-
BSA) in order to be compared with equally coupl€eHESepharose 4B gels.
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Fig. 18: Comparing binding capacities of various MIXXF-BSA coupled ECH Sepharose and Poly-L-
lysine Agarose gels. Breakthroughs were analysedrfanti-CCD IgE by ELISA. Gels without coupled
glycopeptide (Omg/ml) were used as negative contrtm determine unspecific binding of antibodies to
the matrix. ODgsnm Of Serum before column = 1,9.

Although the binding capacity for anti-CCD IgE afth gels was quite similar in ELISA tests it
was decided to work on with ECH Sepharose instdaBoty-L-lysine Agarose as the agarose
showed a higher unspecific binding of antibodieshi® matrix itself and an unexplainable higher
anti-CCD IgE value in the breakthrough of the 3mgityXF-BSA coupled Polylysine.

Repeated use of the MUXF-polylysine agarose:

To test if the MUXF-BSA coupled Poly-L-lysine agaeois reusable after eluting previously bound
antibodies, an already used and a fresh gel weateti with the same amount of serum under the
same conditions. The anti-CCD IgE content in thea s&ter column and after elution of the
antibody was measured by ELISA.

—+— breakthrough —=— glution

0,2
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OD 405nm

.//
/
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Fig. 19: Testing reusability of 40 mg MUXF-BSA coufed Poly-L-lysine agarose. 50 pl of regenerated
gel were incubated with 50 pl serum pool 3 and conaped to results with fresh gel.

ELISA results suggested that the gel can be reusetmbut decreasing the binding capacity and
effectiveness of anti-CCD IgE to the MUXF-BSA coegblPoly-L-Lysine Agarose.
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3.2 EDA/EPOXY disk

Unlike agarose based matrices, CIM disk uses pgtidyl methacrylate-co-ethylene
dimethacrylate as solid support which is very staddl higher pressure and features a more rigid
structure. Both disks have a volume of 340 ul ardeveoupled with 2 mg (EDA) or 3 mg (Epoxy)
MUXF-BSA.

50 pl, 100 pul and 200 pl of new CCD serum pool 3ewajected and breakthrough and elution
were collected manually according to the peaksotiedein HPLC.

%

EDA disk

Fig. 20: Chromatography of
human anti-CCD antibodies
with EDA and Epoxy disk.
Various amounts of serum pool
were injected and breakthrough
and elution were collected
separately by hand according to
the displayed peaks.
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All breakthroughs of both disks
had a volume of 1 — 2 ml.
However the elution from EDA
disk occurred about 2 minutes
later than the elution from e

Epoxy disk. It also gave a " * " " ® @ ® @ e wmmwaw \l, L e A
broader peak and hence a«'

bigger volume (ca. 2 ml elution
from EDA disk and 0,8 ml
elution from Epoxy disk). It is
not clear why the antibodies
from EDA disk eluted later than
from Epoxy disk. Noteworthy,
with this device, the loaded # & @ & @ & @ mmi i s -
serum was diluted 8 - 10 times.
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The peaks observed during HPLC analysis were furbked to calculate the amount of antibody
bound to the disk. The results suggested that EIBR ah average had a 3,3-fold higher binding
capacity than Epoxy disk.
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Fig. 21: Comparison of untreated serum, breakthrouh and elution. The peak area was used to

indicate the amount of protein in each sample.
In the next step the activity of anti-CCD IgE amfGlin collected breakthrough and elution was

analyzed by ELISA.
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Fig. 22: Breakthrough and elution from EDA and Epox disk tested via ELISA. The samples were
not further diluted. Plates were coated with 2ug/mIHRP. For anti-CCD IgE the ELISA value for
untreated serum (1:10) was 1,7.

In case of anti-CCD IgG the breakthrough of botbkdishowed an increase of antibodies with
increasing serum volume. This indicates that Ig@adaot be removed efficiently from the serum.

The ELISA values for anti-CCD IgE in breakthrougémained almost stable with an increasing
amount of serum injected, which indicates thaoiild be bound efficiently to both disks and hence
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removed from the patients sera. With an increagolgme of serum an increase of anti-CCD IgE
in the elution was detectable but still the antiEC@ctivities in the elution were quite low

compared to the activities before disk (even whamsitlering the dilution effect and anti-CCD IgE
in breakthrough).

It is not clear where the rest of anti-CCD IgE weft possible reason for this loss could be
degradation of IgE during the elution from the eoiuby acidic elution buffer. Another reason
could be that anti-CCD IgE was bound to the diskigit that it could not be eluted under the used
conditions.

As the anti-CCD IgE concentration in the used sewas about 0,5 ug/ml and there were almost
no IgE antibodies observed in the breakthroughO6f |2l injected serum (0,59 ml serum/ml matrix)
the binding capacity of both disks was calculatéith @bout 0,3 pg/ml.

In order to find out if the eluted proteins werartan antibodies, a Western blot was done. 200 pl
from the EDA disk elution and 100 ul of the Epoxgkdelution were precipitated, mixed with
loading buffer (without DTT) and separated on a-nestucing SDS page. For Western blot anti-
human IgG was used in a dilution of 1:2000. Astbigtfailed the first time it had to be repeated.
That may have caused the loss of low molecular htdignds near 40 — 50 kDa.
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Fig. 23: Analysis of sera after monolithic EDA or Bpoxy column by SDS page (silver staining) and
Western blot. A: elutions of 50 (1), 100 (2) and® (3) pl serum pool from EDA disk and elutions of
50 (4), 100 (5) and 200 (6) pl serum pool from Epgxdisk. B: repeated silver staining and Western
blot with same samples as in A. Blotting worked oytbut lower bands got lost. For Western blotting
anti-human IgG antibody was used in a concentratiomf 1:2000.

As can be seen in Fig. 23 the band at about 170vké¥aconsidered to be IgG and Western blot
showed that the eluted IgG was a human antibody.

Although anti-CCD IgE could be removed from theaseith EDA and EPOXY disks this method
showed some weak points. The samples could nairbeef used for CAP testing because the high
dilution of the sera after column would also dilthe allergen specific antibodies and hence lead to
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a more complicated and maybe incorrect interpataof results in CAP test. Also the final
dilution of the samples could hardly be determiaedhey were collected by hand according to the
peaks in HPLC and the exact amount could only bmated.

Conclusively these monolithic affinity matrices didt show clearly superior binding capacity to
warrant further efforts in this direction.

3.3 Eupergit

Eupergit C and its derivatives consists of macropsrbeads made by copolymerization of N,N’-
methylene-bis-(methacrylamide), glycidyl methactgjaallyl glycidyl ether and methacrylamide
[23].

At first about 5 mg and 20 mg of MUXF-BSA were ctagto 1 g dry Eupergit C. During the
coupling process the gel swell to ca. 5 ml whichdldo 1 mg/ml and 4 mg/ml MUXF-BSA
Eupergit C coupled gels. Coupling efficiency wasalted via BCA test and revealed that for the 1
mg/ml gel 96,8 % of MUXF-BSA bound to Eupergit Chile for the 4 mg/ml gel it was 90,2 %.

The matrices were blocked with 5 % 2-mercaptoethano

In the next step, different amounts of a serum pmdl in anti-CCD IgE were added to a fixed
amount of coupled MUXF-BSA Eupergit C.

+ 1 mg/mi® 4 mg/m| * 1 mg/mi= 4 mg/mil
1.4 1.4
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Fig. 24: 50 ul and 100 pl of 1 mg/ml and 4 mg/ml MKIF-BSA Eupergit C matrix were incubated with
50 pl, 100 pl and 200 pl of serum pool. The anti€D IgE content in breakthrough and elution was
determined by ELISA. Plate was coated with 2ug/ml RP.

The best results were obtained for 50 pl MUXF-B®Agled Eupergit C incubated with 50 pl of
serum pool. However the 1:1 ratio of gel:serumasecof 100 pl coupled gel (incubated with 100
pl serum pool) showed more anti-CCD IgE in the kifle@ugh.

A possible reason for leaking of the antibody cdutdthat Eupergit C is just suitable for molecules
up to 100 kDa and IgE has a size of about 190 D& [f that was the case, most of anti-CCD IgE
would not be able to enter the matrix. This alsol@d@xplain the slightly higher IgE levels for the
breakthrough of the 4 mg/ml MUXF-BSA Eupergit, whehe higher MUXF-BSA concentration
would lead to clogging of the pores and leave dgss space for the antibodies.
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To test these assumptions new gels were prepared.

2 mg and 40 mg MUXF-BSA were coupled to 0,5 g EgppeC (leading to a 0,8 mg/ml and 16
mg/ml MUXF-BSA gel). This time the matrices wer@dked with 0,5 % BSA in TTBS instead of
mercaptoethanol.

50 pl of coupled Eupergit C were tested with 25,860 100 ul of an anti-CCD IgE rich serum
pool.

Human anti-CCD IgE on Eupergit C Human anti-CCD IgE on Eupergit C
(0.8 mg/ml) (16 mg/ml)
% Breakthrough
= Elution Positive control: OD = 1,878
2 2
1.8 1 18
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1.6 1 1.6
£ z
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] 3]
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1.2 1 1.2
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[=] 1 1
e 8
Q o8 2 o8
= " = -
< 06 1 % < o8

- * a8
0.4 - 0.4 .
0.2 ¢ | 0.2
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Fig. 25: New Eupergit MUXF-BSA couplings tested wh various amounts of serum pool.

As can be seen in Fig. 25 the 0,8 mg/ml MUXF-BSApé&ngit matrix showed a higher binding
capacity than thel6 mg/ml MUXF-BSA gel and als@tiorof gel to serum of 1:2 exhibited lower
amounts of anti-CCD IgE than in previous tests.ikénprevious tests with Poly-L-lysine agarose
and monolithic disks, a high level of anti-CCD Ig&uld be detected in the elution from 0,8 mg/ml
MUXF-BSA Eupergit C.

In another step 0,5 g of Eupergit CM and -C250Le~eoupled with 2 mg MUXF-BSA to see
whether the pore size plays a role in binding af-@&D IgE. 50 ul of each gel were then tested
with 25 pl, 50 pl and 100 pl of serum pool.
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Fig. 26: Eupergit CM and C250L coupled with 0,8 mghl glycopeptide conjugate. Breakthroughs and
elutions were evaluated with ELISA. Plates were cded with 2pug/ml HRP.

For both gels the reading for anti-CCD IgE was Ioe@mpared to Eupergit C, which means that
the pores of Eupergit C probably were too smalll§it to enter the matrix. For Eupergit CM and
C250L a ratio gel:serum of 1:1 showed a low antBAGE activity. When raising the ratio to 1:2 a
lot of anti-CCD IgE could be found in the breakiingb.

A final comparison of the three different Eupengiatrices coupled with 0,8 mg/ml MUXF-BSA
glycopeptide conjugate suggested Eupergit C250lthasaffinity matrix with the best binding
capacity for anti-CCD IgE.
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Fig. 27: Final comparison of the three different Epergit matrices all coupled with 0,8mg/ml MUXF-
BSA. The percentage of anti-CCD IgE was calculatedith values determined by ELISA.

0,8 mg/ml MUXF-BSA Eupergit C250L showed the lowemtti-CCD IgE amount in the
breakthrough. When comparing the antibody amouttténelution, Eupergit C showed the highest
antibody level, but this may be due to the fact tlg& could not enter the pores of Eupergit C
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anyway and thus could be removed from the gel yeasilcase of Eupergit CM and C250L the
amount of eluted anti-CCD IgE was as low as witbvppusly tested matrices (see Poly-L-lysine
and monolithic disks).

Although Eupergit C250L showed very promising resut removing anti-CCD IgE from patients’
sera, further testing with this matrix was stoppedt came to our notice that Eupergit is no longer
produced and commercially available.

3.4 ECH Sepharose 4B

Like poly-lysine agarose, ECH Sepharose 4B is aarasg based support. Different coupling
strategies were tried with this matrix: coupling tMUXF-glycopeptide alone, coupling a MUXF-
BSA and MUXF-Lysozyme conjugate.

3.4.1 Coupling MUXF-glycopeptide

In order to define the coupling capacity of thistrixa various amounts of MUXF were coupled to
the ECH Sepharose matrix.

The coupling capacity was determined by the amo@igilycopeptide in the solutions before and
after coupling by orcinol test.

1400

—— Before coupling

1200
=—fil— Glycopeptide coupled to resin

1000
= Glycopaptide left in solution
a00
600
400

200

MUXF-glycopeptide (ugimL gel)

—

x
[:? 200 400 600 800 1000 1200 1400

MUXF-glycopetide (ug/mL gel)

Fig. 28: Determination of the coupling capacity ofECH Sepharose 4B for MUXF. Aliquots of the
coupling solution before and after coupling were teen and the different amount of glycopeptide was
evaluated by orcinol test.

According to results from orcinol test the couplicepacity of ECH Sepharose 4B for the MUXF-
glycopeptide was higher than 1246 pg/mi gel (sge Z8).

To determine the gels binding capacity for anti-CIgB, 50 pl of each coupled MUXF-Sepharose
(5, 10, 20, 40, 80, 160, 315, 629 and 1258 pg/mKHALwere incubated with 50 pl serum pool.
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Fig. 29: ECH Sepharose coupled with various amountsf MUXF glycopeptide. Gel and serum were
incubated in a ratio of 1:1. Breakthroughs and elubns were tested for anti-CCD IgE via ELISA.

As can be seen in Fig. 29 the amount of anti-CCB ig breakthrough decreased with an
increasing amount of coupled glycopeptide. At tighést MUXF concentration (1258 pg/ml gel)
the ELISA still detected a quite high amount ofilaody in the serum after column. The reading
was at ORQosnm= 0,57 while the background was supposed to beDap4, = 0,2. This indicated
that a lot more MUXF glycopeptide had to be coupgledhe ECH Sepharose to remove most of
anti-CCD antibodies from the serum.

According to the fitting curve and derived formulam the graph in Fig. 29, the amount of
glycopeptide to get to an Qfnm= 0,2 in the serum after column, should be moaa {00 mg/ml
gel. To test this hypothesis another coupling wasedvith 5 mg/ml MUXF to ECH Sepharose. 50
ul coupled gel were incubated with 50 ul of serumolpTo compare binding capacities an ECH
Sepharose 4B matrix, coupled with 3 mg/ml MUXF-BSWas tested under the same conditions.

u5mg/ml MUXF gel  m 3mg/ml MUXF-BSA gel

Fig. 30: Comparison of ECH Sepharose 0ss

coupled with MUXF (MUXF- 03
glycopeptide) and with the glycopeptide .
conjugate MUXF-BSA. The anti-CCD IgE
content in the serum after the column was
determined by ELISA.

Anti-CCD IgE activi
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Breakthrough
As shown in Fig. 30 the breakthrough after the MUB&A Sepharose column contained about 13
% less anti-CCD IgE as the serum after the MUXFptedi gel. MUXF has a mass of 1500 Dalton
which leads to a concentration of 3,3 pumol/ml ie h mg/ml coupled gel. MUXF-BSA has an
MUXF concentration of 0,3 pmol/ml gel in the 3 mgMUXF-BSA ECH Sepharose, when BSA
has a size of 65 kDa and 5-6 molecules MUXF ar@asgd to bind to one BSA molecule.

This means that although the glycopeptide was rh@gimore concentrated than in the MUXF-
BSA Sepharose, the MUXF-Sepharose still had lesdifg capacity for anti-CCD IgE than the gel
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modified with the MUXF-BSA. A possible reason coudg that MUXF is a small and short
molecule and when coupled to the gel alone it tsasogood accessible for the antibodies as when
conjugated with an extra peptide.

The results suggested that coupling solely theagigptide to the gel would mean that a huge
amount of MUXF has to be used to get to a satigfglapletion of anti-CCD IgE from the serum.
Hence it was decided to end trials with these gels.

3.4.2 Coupling MUXF-BSA

Various amounts (0,1 mg/ml — 25,6 mg/ml) of the MUJBRSA conjugated glycopeptide were
coupled to ECH Sepharose 4B. The resulting gels weubated with a CCD serum pool in a ratio
of 1:1 (gel:serum).

—+— Breakthrough = Elution
1.8

1.6
1.4+
1.2

0.8

Anti-CCD IgE activity

0.6 1

04|

0.2+

0 01 02 04 08 16 32 64 128 256
Coupled MUXF-BSA (mg/ml)

Fig. 31: Various amounts of MUXF-BSA coupled to ECHSepharose 4B. Binding capacity and
efficiency for anti-CCD IgE was determined by evalation of anti-CCD IgE content in the sera after
column by ELISA. Plate was coated with 2ug/ml HRP.

With an increasing amount of MUXF-BSA coupled te tBepharose, there was a decrease of anti-
CCD IgE detectable in the serum after column. Whies binding capacity of the gel was
increasing the amount of eluted antibodies becas® This may indicate a very strong interaction
between MUXF and anti-CCD IgE which could not bert@ated by the elution method used. At a
concentration of 3,2 mg/ml MUXF-BSA the amount otieCCD IgE in the serum after column
reached the lowest level which did not improve wheore protein was coupled. At the highest
glycopeptide-conjugate concentration of 25,6 mgfedults even showed a slight decrease of
binding capacity. The results could be repeatetdghown here) and two more Sepharose gels with
a concentration of 1 mg/ml and 3 mg/ml MUXF-BSA w@repared for further trials.

50 pl of the 1 mg/ml and 3 mg/ml MUXF-BSA ECH Septs® were incubated with 50 pl, 75 pl
and 100 ul of serum pool. The sera after columneduison were evaluated via ELISA.

According to the ELISA results (Fig. 32), the 3 mggel showed a slightly better binding capacity
for anti-CCD antibodies, while elution efficiencid&l not vary a lot. Encouraged by these results
150 pl of the 3 mg/ml MUXF-BSA coupled gel wereatied with 150 pl sera from two grass

pollen allergic patients (MG, BA). Breakthroughsrevesent to the FAZ for determination of the

anti-CCD IgE and allergen specific IgE amounts@rsP.
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Fig. 33: CAP results for 4B (3 mg/ml) Sepharose 4B (3 mg/mL)
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Fig. 33 shows that anti-CCD IgE could be removed fromghtents sera with high efficiency (cut-
off for allergy detection is at 0,34 kU/I). Unfortately the allergen specific IgE antibodies were
also removed from the serum at quite a high ldveés. possible that allergen-specific IgE bound to
the ECH Sepharose in an unspecific way or thaattidodies somehow were stuck in the pores of
the gel and hence could not be detected in thektimeaugh. It also has to be considered that the
pollen allergic sera used did not have very higr@&D antibody levels so when working with a
higher anti-CCD IgE content the binding capacityref gel may decrease.

To test these possibilities a Omg/ml, 3mg/ml amdgnl MUXF-BSA coupled ECH Sepharose 4B
was tested in different approaches with mixed sefnaio 1:1).
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Tab. 7: Samples for CAP test. 100 ul of matrix werécubated with 100 pl of mixed serum.

Mixed

serum: serum MG 1:16 (+ PBS(1:8) + anti-CCD serum pod2))L:
bl: serum after Omg/ml column + 50 pl washout with TTBS
b2: serum after Omg/ml column + 50 pl TTBS

serum after 3mg/ml MUXF-BSA column + 50 pl washaouth
b3: TTBS

b4: serum after 3mg/ml MUXF-BSA column + 50 pul TTBS
serum after 3mg/ml MUXF-BSA column + 50 ul TTBSteafextra
b5: blocking with 0,5 % BSA in TTBS
b6: serum after 6mg/ml MUXF-BSA column + 50 pul TTBS
wl washout Omg/ml column with 150 pl TTBS
w2: washout 3mg/ml column with 150 pl TTBS
w3: washout 6mg/ml column with 150 pl TTBS

The samples were analysed in the FAZ by CAP.

CCD-specific IgE on MUXF-BSA ECH Sepharose 4B Allergen specific IgE on MUXF-BSA ECH Sepharose 4B
6.00 ¢ 16.00 ¢
500 | B 14.00 |
S = 12,00 |
=
£ 4.00 | # serum before cartridge :T 10.00 |
2 ® breakthrough Omg/ml =~ &
o 3.00 | o 800 |
B breakthrough 3 mg/ml =
(% 200 breakthrough 6mg/ml :o} 6.00 |
4,00 |
1.00 +
2.00 |
0.00 + e 0.00 -

Fig. 34: CAP results for mixed serum after incubaton with different MUXF-BSA sepharose gels. For
allergen specific IgE rPhl p1+5 levels were meased.

For anti-CCD specific IgE the amount in the serdtaracolumn could be reduced for 96,7 % with
the 3 mg/ml MUXF-BSA ECH Sepharose, while is wal/@&9,5 % for the 6 mg/ml gel. As can be
seen in Fig. 34 a significant amount of CCD dirddigE bound to the negative control (Omg/mi
MUXF-BSA), indicating unspecific binding of antibied to the ECH Sepharose itself.

Again a lot of allergen specific IgE bound to tleduenn but could partly be recovered by washing
the column with TTBS (see Fig. 35). When compatimg negative control with 3mg/ml and 6

mg/ml MUXF-BSA Sepharose it can be seen that mbshe binding of allergen specific IgE is

unspecific.
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Fig. 35: CAP results from allergy centre. The contet of allergen specific IgE in breakthroughs after
different approaches was measured.

Extra blocking with 0,5 % BSA in TTBS of the 3 md/MUXF-BSA ECH Sepharose gel barely
influenced unspecific binding of allergen specifgE to the column. As the previous results
suggested human IgE antibodies trapped in the pofrdbe beads, which could lead to poor
recovery of allergen specific IgE, it was tried twercome this problem by changing the
centrifugation speed. When increasing the spedad 4a000 x g before incubation with the serum,
about 14 ul of PBS buffer could be additionally ox@d from the gel which otherwise would lead
to a dilution of the sample when just centrifugimigh 1000 X g.
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Fig. 36: 50 pl of the 3 mg/ml MUXF-BSA coupled ECHSepharose were added into the filter tubes.
One tube was centrifuged with 1000 x g and the oth@ne with 11000 x g before incubation with the
serum. Both approaches were incubated with 50 pl aferum pool under the same conditions. Samples
were checked for anti-CCD IgE by ELISA.

When testing breakthrough and elution via ELISA]Jear decrease of anti-CCD IgE in the serum
after column could be observed for the samplesriteged with 11000 x g. In total ECH
Sepharose seemed to be stable under higher speddiaus, the dilution of the sample after
column was decreased and the anti-CCD IgE bindiagacity of the MUXF-BSA coupled
Sepharose could be increased. Later on a 3mg/ml MBXA coupled ECH Sepharose was tested
again on anti-CCD IgE and compared with MUXF-BSA$tap-9 CHO glass beads. 150 pul of a 0
mg/ml (negative control) and 3 mg/ml MUXF-BSA EClégharose 4B were incubated with 150
ul of a mixed serum (MG 1:16 with PBS and CCD senponl). The centrifugation speed before
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incubation was 11000 x g. Breakthrough, elutiod arashout were analyzed at the FAZ for
allergen specific IgE (rPhl p1) and anti-CCD IgE@&P.

® rPhi p1 ® Anti-CCD IgE
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Fig. 37: CAP analysis from the FAZ. Amounts of antiCCD and allergen specific IgE (rpHI p1) in the
mixed serum were determined before and after treatmnt of serum with a 3 mg/ml MUXF-BSA ECH
Sepharose gel.

The CAP results revealed an decrease of anti-CE&Diighe breakthrough of 88,5 %, while rPhl
pl antibodies showed only weak binding to the MUBEA column (7,6 %). There also was
almost no binding of antibodies to the matrix itsel could be observed with the negative control.

When comparing these CAP results with the resutienf4 mg/ml MUXF-BSA Prosep-9 CHO
glass beads (see Fig. 52), ECH Sepharose showhdtl\shetter binding capacity for anti-CCD IgE
and lower binding of allergen specific antibodies.

The removal of anti-CCD IgE after 3mg/ml MUXF-BSACH Sepharose and 4 mg/ml MUXF-
BSA Prosep glass beads was further compared inA&tdSts. 50 pl of each coupled matrix were
centrifuged with 11000 x g and incubated in ratb4:1 and 1:2 with CCD serum pool.

0,7
0,6
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S 05 _. / breakthrough
e —s— Prosep glass beads
w 04 breakthrough
9 03 : | —+— ECH Sepharose elution
o
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Fig. 38: Comparison of 3mg/ml MUXF-BSA ECH Sepharos and 4mg/ml MUXF-BSA Prosep-9 CHO
glass beads. Matrices were incubated with 50 pl antOO pl of serum pool. Anti-CCD IgE content in
the sera after column and elutions was detected WBLISA.

At a ratio gel:serum of 1:1, coupled glass beadsveld a slightly better binding capacity for anti-
CCD IgE than ECH Sepharose. Nevertheless whenasitrg the serum volume, 3 mg/ml MUXF-
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BSA ECH Sepharose was clearly able to bind morethgih 4 mg/ml MUXF-BSA glass beads.
For the Sepharose at a ratio of 1:2 the ELISA reaidincreased slightly while in case of glass
beads a clear increase was detectable. It alstohaes considered that in case of ECH Sepharose a
fewer amount of MUXF-BSA was coupled (3mg/ml) whibe glass beads it was 4 mg/ml. So with
ECH Sepharose 4B a better anti-CCD IgE binding ciépaould be achieved and less material had
to be used.

According to the previous results, a 3 mg/ml MUXBA ECH Sepharose was tested with 3
different types of sera: sera which only contaiaeti-CCD IgE (HE, D01), sera which showed
anti-CCD and allergen specific (rPhl p1+5) IgE (D@9, D10, D22) and sera which contained
only allergen specific (rPhl p1+5, Bet v1) IgE amal anti-CCD antibodies (D04, D06, D12, D20).
150 pl of gel were tested with 150 ul of serumidrdt:1). Breakthroughs were collected and
transferred to the FAZ for evaluation by CAP.

As shown in Fig. 39 up to 95 % of anti-CCD IgE abbk removed from the sera (on average 91,7
% were removed). All anti-CCD IgE levels detectadhe sera after treatment with the MUXF-
BSA sepharose lay under the positive cut-off leokl0,34 kU/I, which means they could be
considered as negative in the CAP allergy testabe of allergen specific IgE on average 90 % of
antibodies were recovered from the column.

To test if environmental factors affect the ECH ls®pse, 50 pl samples of the 3 mg/ml MUXF-
BSA coupled gel were dried at room temperatureleftdn buffer at room temperature for 4 days.
Afterwards the dried gel lost half of its volumedawas not swelling when stored in PBS buffer
again. Also heating at 70°C and cooking at 95°Craitlinfluence the consistence. All prepared
gels were incubated with CCD serum pool in a rafid:1 and breakthrough and elution were
collected.
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Fig. 39: Final CAP results for 3 mg/ml MUXF-BSA ECH Sepharose. Several Patients sera were
picked and tested for anti-CCD and allergen specifi IgE before and after incubation with the affinity
matrix. Sera containing only CCD specific IgE: HE,DO1. Sera containing CCD- and allergen specific
IgE: D03, D09, D10, D22. Sera containing only allgen specific IgE: D04, D06, D12, D20.
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Fig. 40: Stability and functionality of 3mg/ml MUXF-BSA coupled ECH Sepharose 4B tested under
various environmental conditions: completely driedgel, gel left in buffer at room temperature for
several days, normally treated gel (stored in buffeat 4°C). Anti-CCD IgE levels before and after
treatments with matrices were measured with ELISA.

The dried gel gave poor results as more than Halfl @anti-CCD antibodies could be detected in
the serum after incubation with the dried columhe Toreakthrough from the gel left on room
temperature showed no difference in anti-CCD Igkele compared to a normally (in PBS buffer,
at 4°C) stored ECH Sepharose. So the coupled EQiHaBese is stable at room temperature but
should not be left without buffer as this leadsléstruction of the matrix.

3.4.3 Coupling MUXF-Lysozyme

The conjugation of MUXF to lysozyme was controlleg Western blot, Coomassie staining and
silver staining.
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Fig. 41: Coupling of MUXF to Lysozyme detected by ifferent methods. Marker: Page Ruler"
Prestained Protein Ladder, Fermentas.
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As shown in Fig. 41 different numbers of MUXF maléxs bound one lysozyme molecule. In fact
about 4-5 glycans per lysozyme could be coupleandml and 6 mg/ml MUXF-Lysozyme
(MUXF-Lys) were coupled to ECH Sepharose 4B. 5@fu¢ach coupling were incubated with 50
ul of an anti-CCD IgE rich serum pool and breaktigto and elution were collected and evaluated
via ELISA.
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Fig. 42: First ELISA test with serum pool after treatment with 2mg/ml and 6mg/ml MUXF-Lysozyme
coupled Sepharose. Reading for serum pool beforelamn: OD 4p50m = 1,22.

Both matrices were successful in removing anti-CIgE from the sera as the untreated serum
(diluted 1:10) had a reading of Qdahm= 1,22.

A slight increase of anti-CCD IgE could be obseruethe breakthrough of the 6 mg/ml MUXF-
Lys Sepharose (Ofgsnm= 0,13) compared to the serum after column with gnnh MUXF-Lys

According to above results, the 2 mg/ml MUXF-Lysupted ECH Sepharose was further tested
with an increasing amount of serum. In order to para MUXF-BSA with MUXF-Lys coupling a
3 mg/ml MUXF-BSA coupled ECH Sepharose was alstetesnder the same conditions.

Each affinity gel was incubated with serum poadiha ratios (gel slurry to serum) 1:1 and 1:2.

Fig. 43: Comparison of binding 07
efficiencies of 3 mg/ml MUXF- 06 |
BSA and 2 mg/ml MUXF-Lys 2 »— MUXF-Lysozyme
coupled ECH Sepharose. 50 ul of-% 05 , breakthrough
both gels were incubated with 50 5 MUXF-BSA breakthrough
pul and 100 pl of serum pool.© 04
Breakthroughs and elutions were o }
analysed via ELISA. Readout for & 03 N yseymeRen
serum (diluted 1:10) before £
column: ODaggrm= 1,11, < 02 ,, 7 ' MUXF-BSA elution
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At a ratio of gel to serum of 1:1, the binding caipias of both affinity matrices, MUXF-BSA and
MUXF-Lys, were very similar. When increasing theuse amount up to 100 pl (with 50 pl of gel),
the MUXF-BSA column was leaking much more anti-CQgE than the MUXF-Lysozyme
coupled Sepharose. When calculating from the pemens (1:10) Oysnm= 1,106, for the MUXF-
BSA column the CCD specific IgE was reduced 45 %levim serum after MUXF-Lys column
there was still a 78,4 % reduction with a ratio fgeserum of 1:2. These results suggested that the
BSA protein may have been too big (about 66 kDal) lzence blocked the pores of the Sepharose
which limited the number of IgE antibodies that Icoenter the matrix. As lysozyme has a
molecular weight of about 14 kDa it was much srmdahan BSA and so the binding capacity of the
column could be increased.

In the next trial the 2 mg/ml MUXF-Lys coupled EG¢pharose was compared to Prosep-9 CHO
glass beads coupled with the same amount of glytmjgeconjugate. 75 pl and 100 pl of serum
pool were added to 50 ul of each gel.
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(a] — 4 — ECH Sepharose elution
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Fig. 44: Comparison of binding efficiencies of 2 mignl MUXF-Lys coupled ECH Sepharose and

Prosep-9 CHO glass beads. Gels were incubated wiserum pool in the ratios 2:3 and 1:2 (50 ul gel
with 75 pl and 100 pl serum) and anti-CCD IgE occuence in the samples after column was evaluated
via ELISA. OD 4s5,m for the untreated serum pool (1:10) was at 1,12.

Both affinity matrices showed a very good bindirapacity for anti-CCD IgE. For each serum
volume used, a lower IgE amount in breakthroughdcbe achieved with the 2 mg/ml MUXF-Lys
ECH Sepharose matrix compared to glass beadshEd:38 ratio gel:serum about 88,7 % of anti-
CCD IgE could be removed from the serum with the M-Lys coupled Sepharose, while it was
about 83,1 % for glass beads. But still even inltfZeratio gel to serum both matrices were able to
remove more than 80 % of anti-CCD IgE from the sepool.

Due to these encouraging previous results anoéis¢mtas performed with a 2 mg/ml MUXF-Lys
ECH Sepharose 4B. The gel was incubated with a @&itive mixed serum (MG, 1:16 with PBS
and CCD serum pool) and a CCD negative, allergenifp IgE positive serum (D 20) in the ratios
gel : serum of 1:1 and 2:3. The breakthroughs veetkected and sent to the FAZ for further
analysis by CAP.
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Fig. 45: CAP results for 2mg/ml MUXF-Lys coupled EGH Sepharose 4B. Gel was treated with a

mixed serum pool in the ratios 1:1 and 2:3. Anti-CO and allergen specific (rPhl p1+5) IgE content in
the sera was measured before and after incubationithi the column.

Although the ELISA tests for this matrix looked ygsromising, CAP results showed more anti-
CCD in the breakthrough than previously for MUXFA8oupled Sepharose. 82,8 % anti-CCD
IgE could be removed from the serum while it wasto@6,7 % when using a MUXF-BSA
coupled ECH Sepharose (see Fig. 34). Only 4,3 %llefgen specific IgE antibodies were lost
after treatment when using a ratio of 1:1. For2t#ratio the amount was even less (2,6 %). For
serum D20, containing only allergen specific Ighe toss of IgE after column was 6,7 % for the
1:1 ratio and 0 % for the 2:3 ratio gel to serumt @hown in Fig. 45).

Finally trials with a 2 mg/ml MUXF-Lys ECH Sephaesncubated with 40 sera of patients,
containing anti-CCD and allergen-specific IgE, @&tdsera of patients, exhibiting only allergen-
specific IgE, were performed (for full sera lises&ppendix). The sera were applied to the matrices
in a ratio of 1:1 and breakthroughs were evaluatdle FAZ by CAP test.
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Fig. 46: Final CAP results for IgE content of variais sera after incubation with 2mg/ml MUXF-
Lysozyme ECH Sepharose cartridges. Sera were apgtl to the gels in a ratio of 1:1. In this graph the
mean value of all tested sera is shown.

As shown in Fig. 46 up to 90 % of allergen specliE antibodies retained in the sera after
incubation with the MUXF-Lys cartridge. About 91 &b anti-CCD IgE could be removed from
patients sera by treatment with 2 mg/ml MUXF-LysHESepharose.
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3.5 Other Agarose beads

3.5.1 Aminoethyl agarose beads

With Aminoehtyl agarose beads target moleculescaxalently bound by their acid groups from
their amino acids.

From this agarose, beads with very low density 448CL) and with low density 6 % (6BCL)
agarose were tested. 0,8 mg/ml MUXF-BSA were caliptethe beads and 50 pl of this gel were
incubated with 25 pl, 50 ul and 100 ul of an ar@iBCIgE rich serum pool.
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Fig. 47: Testing anti-CCD IgE binding efficiency of 4BCL and 6BCL aminoethyl agarose beads
coupled with 0,8mg/ml MUXF-BSA. 50 pl of each matwi were incubated with 25, 50 and 100 pl of
serum pool. Breakthrough and elution were evaluatedia ELISA.

The breakthrough after very low density 4BCL Agarghowed less anti-CCD IgE than the serum
after 6BCL Agarose. The readout of the serum padbie column (in a dilution of 1:10) was
ODaosnm = 1,9, so the reduction of anti-CCD IgE lay ovér % for MUXF-BSA coupled 4BCL
Agarose (for a ratio of gel to serum of 1:1), whHde MUXF-BSA-6BCL it was 81,1%.

As already observed when working with other magrittee column started leaking antibodies at a
ratio gel:serum of 1:2. It is not clear why, appegrin tests with 4BCL and 6BCL gels, the
breakthrough after 25 pl serum on 50 ul coupledasgashowed a higher anti-CCD IgE content
than breakthrough after a 1:1 ratio of gel to se(prasumably an experimental error).

3.5.2 Glyoxal agarose beads

When using Glyoxal agarose beads bio moleculesnameobilized through their amino groups.
Low density Glyoxal Agarose 4 BCL (= 4 % agarosa) 8BCL (= 6 % agarose) were chosen for
coupling with 0,8 mg/ml MUXF-BSA.

50 ul of coupled beads were incubated with 25 @tband 100 ul anti-CCD IgE rich serum pool.
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Fig. 48: Testing anti-CCD IgE binding efficiency of4BCL and 6BCL glyoxal agarose beads coupled
with 0,8mg/ml MUXF-BSA. 50 ul of each matrix were mcubated with 25, 50 and 100 ul of serum pool.
Breakthrough and elution were evaluated via ELISA.

As shown in Fig. 48 the anti-CCD IgE content in breakthrough after 4BCL and 6BCL glyoxal

agarose was almost the same (removal of anti-CEBIgY6% and 88,3%, respectively, 1:1 ratio).
Again a ratio gel:serum of 1:1 lead to the bestltss although the column was leaking less
antibody at a ratio of 1:2 compared to other magic

When comparing MUXF-BSA coupled aminoethyl agarsads and glyoxal agarose beads,
glyoxal beads showed a better binding capacity doti-CCD IgE than aminoethyl agarose.
Compared to other affinity matrices tested so daguite high amount of anti-CCD IgE could be
eluted from all 4 agarose gels.
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Fig. 49: Final comparison of aminoethyl and glyoxahgarose beads coupled with 0,8mg/ml MUXF-
BSA. 50 pl of each gel were incubated with 25, 5@ 100 pl of serum pool. The percentage of anti-
CCD IgE in breakthrough and elution was calculatedrom ELISA results.

As tests with ECH Sepharose, which were done asdmee time, led to very promising results,
working with agarose beads was interrupted (alsbnfiyed material) so far.
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3.6 Glass beads

The Prosep-9 CHO matrix binds molecules over th@mary amino groups.

Two different approaches were tested, one with mogMUXF-BSA to the beads, the other one
with coupling MUXF-Lysozyme.

3.6.1 Coupling MUXF-BSA

Different amounts of MUXF-BSA (2, 4, 8, 16 mg/ml)ere coupled to 500 ul glass beads,
respectively.

Then the coupled glass beads were tested withtaC&MD IgE rich serum pool (ratio gel to serum
was 1:1).

As a negative control glass beads without MUXF-BB&, blocked with polyethylene glycol, were
also incubated with serum, to find out if the matitself is able to bind anti-CCD IgE.

8mg/ml MUXF-BSA glass beads were tested twice: ondd a normal centrifugation speed of
1000 x g before incubation with the serum, anddtieer time the beads were centrifuged with
11000 x g before the serum was added for incubafibis should lead to a minimal dilution of the
serum with PBS buffer (which could be still in thkass beads) and also test the stability of the
beads.

About 2 ul of PBS was removed from the beads ateentrifugation speed of 1000 x g, while it
was about 5 pl PBS after a centrifugation with 110@.
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Fig. 50: Various amounts of MUXF-BSA coupled to Preep-9 CHO glass beads. Binding capacity and
efficiency for anti-CCD IgE was determined by evalation of anti-CCD IgE content in the samples
after column by ELISA. The ELISA plate was coated \vith 2ug/ml HRP.

With a centrifugation speed of 1000 x g the lowastount of anti-CCD IgE after column was
achieved with the 4 mg/ml MUXF-BSA gel. The higHegand concentration may have led to
clogging of the matrix and hence led to more IgEhie breakthrough. There also was observed a
quite high unspecific binding of anti-CCD IgE teethegative control (about 40 %).
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However a centrifugation speed of 11000 x g seetoedffect the binding capacity of the gel
positively as can bee seen in Fig. 51.
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Fig. 51: 8mg/ml MUXF-BSA coupled glass beads weresitrifuged with different speed (1000g and
11000g) before incubating with the serum pool. AMCCD IgE amount in the samples after column
was detected by ELISA.

While anti-CCD IgE in the elution stayed the samelioth gels, there were fewer antibodies in the
breakthrough of the 8 mg/ml MUXF-BSA glass beadst thad been centrifuged with 110009
before applying the serum to the matrix. To tesd tlew matrix in CAP test, 150 pl 4 mg/ml
MUXF-BSA glass beads and 150 pl of the negativdrobwere incubated with 150 ul of a mixed
serum. The mixed serum consisted of a patient sék@) diluted to 1:8 with PBS and further 1:2
with an anti-CCD IgE rich serum pool (so the enllittbn of the mixed serum was 1:16). The
matrices were centrifuged with 11000 x g before $beum mix was added for incubation. To
prevent unspecific binding to the negative contitolyas additionally blocked with 0,5 % BSA in
TTBS. Breakthrough, elution (100 ul glycine + 50Tuils HCI) and the first washout (done with
150 ul TTBS) were sent to the FAZ for CAP analysis.

Mixed serum on Prosep-9 CHO with 4 mg/ml MUXF-BSA
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Fig. 52: CAP results for 4mg/ml MUXF-BSA Prosep-9 GO glass beads. The affinity matrix was
incubated with serum in a ratio of 1:1. The mixedserum was checked for anti-CCD and allergen
specific IgE before and after cartridge.
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As can be seen in Fig. 52 about 86,5 % of anti-GgiPcould successfully be removed from the
serum, while more than 90 % of allergen specifiE igPhl pl) was recovered. The negative
control showed almost no binding of antibody, whishans that the additional blocking step with
0,5 % BSA in TTBS was necessary to avoid unspebifiding of IgE to the matrix.

Another task was to test the stability of the bedde binding capacity of 4 mg/ml MUXF-BSA
coupled beads and of uncoupled beads after comghigieg for 4 days at room temperature was
tested. Before applying the sera the dried beade sleortly washed with PBS and centrifuged at
11000g as described in materials and methods. Sfeads were incubated with 50 pl of serum
pool.
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Fig. 53: Checking stability and functionality of 4ng/ml MUXF-BSA coupled glass beads when dried
at room temperature. Beads and serum were added ia ratio of 1:1. Non-coupled beads were also
tested as a negative control to check unspecificriding of anti-CCD IgE to the matrix. Samples were
evaluated with ELISA.

Again about 40 % of anti-CCD IgE bound to the mauinspecific (the beads have not been
blocked with 0,5 % BSA in TTBS). Drying of the cdeg glass beads also led to a decrease of the
binding capacity. The serum after treatment with tlon-dried Prosep cartridge exhibited about 59
% less anti-CCD IgE in the breakthrough than the foom the dried column.

The experiment was repeated and this time the dedls were left in PBS buffer for 2 hours at
room temperature before applying the serum to tthenan.
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Fig. 54: New comparison of normal and dried 4mg/mMUXF-BSA glass beads. This time the dried
beads were left in PBS buffer for 2 hours before ggying the serum to the column. Gel and serum
were tested in a ratio of 1:1. Anti-CCD IgE levelsvere determined by ELISA.

Although the Prosep beads should not be affecteswilling or shrinking in buffer, this time a
clear improvement of anti-CCD IgE binding capadity dried glass beads could be observed
compared to the first test. The breakthroughs afmiadly treated and dried beads showed no
difference in ELISA testing. The results even sste@ that the antibody could be eluted with
more efficiency from the dried beads.

3.6.2 Coupling MUXF-Lysozyme

2 mg/ml and 6 mg/ml MUXF-Lysozyme (MUXF-Lys) wereupled to 500 pl Prosep-9 CHO glass
beads. This time the glass beads were blocked W& BSA in TTBS before using the matrix
for affinity chromatography. 50 pl coupled beadsenacubated with 50 pl of a serum pool rich in
anti-CCD IgE. Breakthrough and elution were cobelcand evaluated by ELISA.
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Fig. 55: Testing binding capacity of 2mg/ml an 6mgil MUXF-Lys coupled glass beads. 50 pl of each
matrix were incubated with 50 pl of serum pool. Brakthroughs and elutions were evaluated via
ELISA. The readout for the serum (1:10) before calmn was ODygsnm = 1,22.
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The ELISA test revealed almost no difference in &mti-CCD IgE content in the serum after
column for the 2 mg/ml and 6 mg/ml MUXF-Lys glassads. On average about 90% of anti-CCD
IgE was removed from the sera by both matriceh@igh the 6 mg/ml coupled beads showed an
insignificantly better binding capacity, the 2 mgMiJXF-Lys glass beads were chosen for further
testing, as for these coupling less material (MUXf) had to be used and could be compared
with other matrix in similar ligand concentration.

The next step was to compare MUXF-BSA coupled gheessds with MUXF-Lys coupled beads.
Therefore 50 pl of 2 mg/ml MUXF-BSA- and 2 mg/ml MB-Lys- Prosep-9 CHO were each
incubated with an anti-CCD serum pool, in the tiol and 1:2, and the serum after column was
evaluated via ELISA.
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Fig. 56: Comparison of 2mg/ml MUXF-BSA and 2mg/ml MUXF-Lys coupled Prosep glass beads. The
affinity matrices were incubated with a serum pooln the ratios 1:1 and 1:2. Anti-CCD IgE levels in
the samples before and after column were determinealy ELISA.

When using a ratio gel:serum of 1:1 the anti-CCPE ¢gntent in the breakthroughs was almost the
same for MUXF-BSA and MUXF-Lys beads and over 8@®anti-CCD IgE could be removed in
both cases. But when going on to a ratio of 1:2Nhé&XF-Lys Prosep-9 CHO showed a much
better binding capacity. The MUXF-BSA coupled glé#esads were leaking more than 62 % of
anti-CCD IgE at a ratio of 1:2, while the MUXF-Lgslumn still was able to remove more than 75
% of anti-CCD IgE from the serum under the samelitmms.

As BSA has an average size of about 66 kDa it naay blocked the pores for more IgE and hence
led to displacement of IgE from the matrix. On tomtrary Lysozyme has a size of about 14 kDa
which allows more IgE to enter the matrix and kimdhe MUXF glycopeptide than BSA does.

Due to comparison and similar tests with ECH Semdggrfurther tests with Prosep-9 CHO glass
beads were stopped as coupled sepharose ledhtysbetter results.
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3.7 Summary of results

To design a proper affinity column for depletionabhically irrelevant anti-CCD IgE antibodies
from patients’ sera, several matrixes coupled MthXF glycopeptide (-conjugates) and evaluated
in ELISA (see Tab. 8) and CAP test (Tab. 9).

Tab. 8: Summary of results obtained with various cmbinations of different solid supports coupled
with MUXF glycopeptide, MUXF-BSA or MUXF-Lysozyme conjugate. All gels were tested with
serum in a ratio of 1:1. The percentage of absorbednti-CCD IgE was measured in ELISA tests. The
concentration of ligand leading to this result isridicated in brackets next to the % values.

Matrix Ligand Ligand concentration tested Absorption of anti-CCD IgE (%)
(mg/ml matrix) measured in ELISA
Poly-L-lysine agarose MUXF-BSA 1-40 84.6 (40)
(Sigma-Aldrich)
CIM EDA disk (BIA MUXF-BSA 2 90.2 (2)
Separations)
CIM EPOXY disk (BIA MUXF-BSA 3 89.4 (3)
Separations)
Eupergit C (Sigma-Aldrich MUXF-BSA 0.8-16 75.0)(4
Eupergit CM (Sigma- MUXF-BSA 0.8 85.7 (0.8)
Aldrich)
Eupergit C250L (Sigma- MUXF-BSA 0.8 90.4 (0.8)
Aldrich)
Glyoxal Agarose 4 BCL MUXF-BSA 0.8 87.6 (0.8)
(Hispanagar)
Glyoxal Agarose 6 BCL MUXF-BSA 0.8 88.3 (0.8)
(Hispanagar)
Aminoethyl Agarose 4 BL MUXF-BSA 0.8 89.5(0.8)
(Hispanagar)
Aminoethyl Agarose 6 BL MUXF-BSA 0.8 81.1(0.8)
(Hispanagar)
PROSEP-9 CHO (Millipore MUXF-BSA 2-16 82.1 (2)
PROSEP-9 CHO MUXF-Lyso 2-6 90.9 (6)
ECH-Sepharose (GE MUXF-BSA 0.1-25.6 95.8 (3)
Healthcare)
ECH-Sepharose Bromelain glycopeptige 0.005-1.28 59.6 (1.25)
(MUXF)
ECH-Sepharose MUXF-Lyso 2-6 90.6 (3)

When comparing all tested matrices, ECH SephamddéPaosep-9 CHO glass beads coupled with
MUXF-BSA or MUXF-Lysozyme appeared to most effidigrremove CCD directed IgE from the
applied sera in ELISA tests as well as in CAP tests
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For ELISA more than 95 % of anti-CCD IgE could keplkkted from the serum pool by the ECH-
Sepharose MUXF-BSA (3 mg/ml) affinity matrix, foll@d by the MUXF-Lysozyme coupled
ECH Sepharose where more than 90 % of CCD dirdgtedould be removed.

Tab. 9: CAP results for ECH Sepharose and glass bda coupled with either MUXF-BSA or MUXF-Lysozyme.

ECH Sepharose with | ECH Sepharose with | Prosep glass beads with
CAP results 3mg/ml MUXF-BSA | 2mg/ml MUXF-Lys 4mg/ml MUXF-BSA
Anti-CCD IgE removed (%) 96,7 91,1 86,5
Allergen specific IgE removed (%) 7,6 10 9,4

With MUXF-BSA coupled ECH Sepharose, IgE value<CiaP test could be reduced beneath the
positive cut-off value of 0,34 kU/I. With MUXF-Lyggyme the cut-off could be reached in the last
CAP tests with different sera (mean value for editéd sera was 0,3495 kU/I). Both results were
achieved when sera were incubated with matricesratio of 1:1.

In the last tests with MUXF-Lys coupled ECH Seplsar@ ratio of 2:3 also showed successful
removal of anti-CCD IgE. Further trials with MUXFysozyme glass beads and ECH Sepharose,
where matrix and serum were incubated in a ratib:®f exhibited a removal of CCD directed IgE
from the serum of over 80 % in ELISA tests.
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4 Discussion

In vitro allergy diagnosis methods like RAST or CAP testgfiently display false positive allergy
detections caused by cross-reactive IgE antiboagezsnst N-glycan structures of allergens. To
avoid erroneous diagnosis and enhance accuradyesé ttests we developed an affinity matrix,
which depletes anti-CCD IgE from patients’ seraobefsubjecting them to determination of
allergen-specific IgE. For the practical realizataf this goal two main steps had to be taken.

First, it was necessary to find an appropriatedsselipport which could successfully be coupled
with a CCD structure (in our case MUXF-glycopeptelther alone or - rather - conjugated to a
carrier protein) and efficiently remove anti-CCDEldgrom patients’ sera. Also the amount of
coupled glycan structure for satisfactory IgE reaidwad to be quantified. Many different matrices
were coupled with various amounts of glycopeptidwl @limination of anti-CCD IgE was
determined with ELISA tests (Tab. 8).

Second the amount of gel slurry and serum, withctvlai satisfying elimination of anti-CCD IgE
could be assured had to be optimized. In the baggnof this work, a minimal ratio of gel to serum
of 1:1 seemed to be necessary for anti-CCD IgE vamoNith ongoing trials we observed
enhanced binding capacity of the coupled matridesnancreasing the centrifugation speed before
incubation with the serum from 1000 x g to 1100@.Also the problem of apparently unspecific
binding of allergen specific antibodies to the oohs could be solved by this step. Further BSA,
which was conjugated to MUXF, emerged as beinglamge. With a size of about 66 kDa it
probably filled a large volume of the pores in thatrix leaving only little space for anti-CCD IgE.
Hence the same volume of gel (slurry) as serum:bfhhd to be used. This improved when
matrices with new lysozyme as the carrier proteirttie MUXF-glycopeptide were prepared.

Of all developed and tested affinity matrices ECeplsarose and Prosep-9 CHO glass beads
coupled with MUXF-BSA or MUXF-Lysozyme appearedmost efficiently remove CCD directed
IgE from the applied sera in ELISA tests as wellimsCAP tests. However when comparing
binding capacities of MUXF-BSA and MUXF-Lys matr&casing a 1:1 ratio in CAP test, MUXF-
BSA columns showed better results for removing-@@D IgE from the serum. Concerning this
issue some more trials with MUXF-Lysozyme matrisesuld be done and maybe the columns’
binding capacity could be improved by further optimg the working procedure or coupling
process. Anyway anti-CCD IgE antibodies were susfolly removed from patients” sera and
hence false positive results in CAP tests couldteented by treating sera with the 3 mg/ml
MUXF-BSA coupled ECH Sepharose before startingrthatro test.

Although our proposed method solves the probleniatsfe positivein vitro allergy tests, two
alternative strategies for reaching these goal sltabe concealed. The first is addition of a CCD-
inhibitor the serum before analysis as has beer donmerely scientific purposes with insect
venom reactive sera [31].

Another possibility to reach the same goal wouldMoeking with recombinant allergens. As anti-
CCD IgE recognizes solely glycosylated structurasatiergens, it would only bind to natural
allergens. A method to avoid or control glycosyatiof allergens is producing these recombinant
molecules in various expression systems kkeoli or yeast. Until now an increasing number of
inhalant allergens and food allergens has beerupemtithat way and is replacing naturally derived
allergens inn vitro tests. Expression of recombinant moleculeB.ovoli leads to non-glycosylated
proteins [32-33]. However this can lead to noninaorrect folding of the produced molecules and
hence to allergen specific IgE antibodies not datgdhe allergen or recombinant proteins creating
new conformational epitopes. If proper protein fiotd still can be achieved i&.coli, it is an
excellent expression system for recombinant allesg®©ther organisms that are used for this
purpose are yeaspithia pastori3, insect cells or tobacco plants. These eukaryexijgression
systems facilitate the correct folding of proteimgnost cases. Several recombinant allergens have
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already been produced in yeast, which is knownhfggerglycosylation of proteins [34]. A big
advantage of this organism is that it does not predoroteins with fucose and xylose N-glycans
and hence would be a good alternativ&icoli for producing recombinant allergens. On the other
hand glycoproteins from yeast sometimes are rezedrby IgE from patients displaying yeast- or
mould allergies [8]. The same is true for exprassb non-plant glycoproteins in tobacco plants.
Although they would be the system of choice wheatomgbinant pollen and plant food allergens
have to be produced, expression of non-plant giyatems would be a problem as tobacco would
form IgE-binding glycans on these proteins [8]cémclusion, concerning recombinant allergens, it
seems that for each allergen the appropriate exipresystem still has to be determined to assure
correct folding and presentation of the allergearttbodies.

The system designed in our work would, in any casea momentary possibility to successfully
prevent false positive allergy diagnosis whichug do anti-CCD IgE antibodies.
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Sera list for final testing of 2 mg/ml MUXF-Lys ECSkpharose via CAP test:

Sera containing anti-CCD and allergy specific IgE:

Tab. 10: List of patients sera, with allergen spefic and anti-CCD IgE levels. YJ = yellow jacket

(wasp)
Allergen-
Serum specific Igg | CCD-specific
No. Allergy type Allergen-specific IgE (kU/I) (kUM IgE (kU/)
P3565/ wasp
170 wasp 3.0 YJ, 12.5 3
P3612/ |insect allergy, honeybee-wasp-
151 double positive wasp 2.1 bee 2.2 YJ, 6.37 2.27
P3273/ |Insect allergy, honeybee-wasp-
173 double positive wasp 2.1 bee 2.3 YJ, 5.27 2.05
P3244/ wasp
169 wasp 2.9 YJ, 7.34 2.22
P3599/
159 wasp wasp 3.3 YJ, 6.38 2.26
Ragweed, 15.4; birch 11.2; grass pollen,
P5633 | Pos CAP, neg skin test wheat flour 11.2, CCD 8.4 7.41 5.63
grass pollen,
D01 2.64 1.9
rPhl p1+5,
D22 Grass Birch 0.4; grass >100 46.90 14.7
D22 Grass Birch 0.4; grass >100 nd 1.37
Betv 1, 0; Phl p1+5, 87.5; Feld rPhl p1+5,
D10 Grass 1, 32.1; Phl p7, 22.4 90.10 1.64
P0090/ birch pollen allergy birch 4.5 honeybee and wasp
6 neg Bet v1, 37.8 6.05
Monovalent grass pollen rPhl p1+5,
85 allergy grass 4.6 47.4 0.6
91 grass pollen allergy grass 4.6 rPhl p1+5, 15.0 0.5
grass pollen allergy, positive
P2276/ | RAST/negative skin test to
18 latex and birch grass 4.5 birch 2.6 latex 3.0 rPhl p1+5, 102 4.22
grass, weakly-questionable
positive skin tests to latex,
P2492/ | birch, mugwort, ragweed and latex 3.3 grass 4.3 ash 2.5
129 other pollens platanus 2.6 rPhl p1+5, 69.8 2.25
90 grass + birch grass 4.9 birch neg rPhl p1+5, 100 4.2
P0478/ olwalent pollen aller birch 4.6 grass 4.9 mugwort 2.2
3 polyvaient p 9y oilseed rape 3.7 ash 4.6 Bet v1, 29.1 3.43
P0496/ olwalent pollen aller grass 4.9 mugwort 3.5 oilseed
9 polyvaient p 9y rape 3.4 ash 2.3 rPhl p1+5, 187 25.2
olwalent pollen aller b?rch 2.5 grass 4.5 plantain 2.9
68 polyvaient p 9y oilseed rape 3.0 rPhl p1+5, 186 13
P0701/
75 polyvalent pollen allergy birch 4.8 grass 2.7 mugwort 2.4 Bet v1, 90 2.25
olvvalent pollen aller grass 4.9 mugwort 2.6 ragweed
25 polyvaient p 9y 3.1 rPhl p1+5, 193 4.73
P0486/ olwalent pollen aller birch 3.7 grass 4.6 mugwort 2.8
10 POIyV P 9y oilseed rape 2.2 Betv 2 neg rPhl p1+5, 236 4.48
29 Polyvalent pollen allergy (n>4) | birch 3.3 grass 4.9 ash 3.0 rPhl p1+5, 149 2.99
P2509/ Polyvalent pollen allergy (n>4) latex 4.4 birch 4.2 grass 4.0
49 mugwort 4.3 ragweed 2.4 Betvl, 111 8.22
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Polyvalent pollen allergy (n>4)

CCD-positive according to

20 immunoblot rPhl p1+5, 107 3.61
30 Polyvalent pollen allergy (n>4) |birch 3.4 grass 4.9 mugwort 2.4 | rPhl p1+5, 58.9 0.64
33 Polyvalent pollen allergy (n>4) |birch 4.9 grass 3.6 Bet vl, 65.4 0.71
P2738/ | birch, grass, mugwort, negative | birch 3.3 grass 4.8 mugwort 3.8
21 skin test to latex latex 3.0 rPhl p1+5, 196 5.73
P3693/ | birch,grass, negative skin test | birch 4.8 grass 4.8 mugwort 3.3
122 latex, ragweed, mugwort ragweed 4.2 latex 3.7 Bet vl, 166 3.45
PO750/ birch grass ash
79 birch 2.9 grass 4.9 rPhl p1+5, 250 5.92
P4096/ | birch, grass, mugwort, negative | grass 2. 9 mugwort 3.1 latex 3.0
125 skin test latex birch 2.9 ficus 3.0 Bet v1, 28.1 3.66
allergy to birch, grass,
mugwort, ash, house dust mite,
cat, horse, positive
P1929/ | RAST/negative skin test to
115 latex latex 2.3 Betvl, 27.6 4.55
Allergy to birch, mugwort, grass
P3902/ |pollen, positive RAST/negative
124 skin test to latex Bet v1, 90.2 2.45
Allergy to birch, mugwort, grass
P2238/ | pollen, positive RAST/negative
118 skin test to latex Betvl, 17.6 3.41
P2259/ | polyvalen pollen allergy + latex 2.2 birch 3.7 grass 4.4
114 guestionable positive latex ash 3.1 rPhl p1+5, 91.6 2.78
P0032/
46 Polyvalent pollen allergy (n>4) |1y 5 9 grass 2.7 Bet v1, 49.9 2.42
polyvalent pollen
P3887/ | allergy/negative skin test to birch 4.0 grass 4.0 ash 3.0
126 latex latex 2.6 Betvl, 73.9 3.27
P2264/ |grass + birch, negative skin birch 4.1 grass 4.1 mugwort 3.2
133 test to mugwort, ficus etc. ficus 2.4 Bet vl, 83.5 3.27
P3334/ |grass + birch, questionable latex 3.2 bhirch 3.2 grass 2.5
119 ragweed, mugwort, latex ragweed 2.4 Betvl, 42.5 5.05
P2459/ | grass pollen, weakly peanut
121 latex latex 3.0 grass 3.6 peanut 2.5 Betvl, 44.8 5.47
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» Sera containing only allergen specific IgE:

Tab. 11: List of patients sera with solely allergemspecific IgE.

Allergen-specific
Serum No. [ Alltergy type Allergen-specific IgE (kU/L) Total IgE (kU/L) | IgE (kU/L)
D20 Grass Birch 0; grass 14 67 rPhl p1+5, 20.6
Betv 1, 7; Phl pl+5, 5.6;

D03 Grass, birch alternaria, 4.2 78 rPhl p1+5, 5.35
D09 Grass grass, 25.6 44| rPhl pl1+5, 44.00
D22 Grass Birch 0.4; grass >100 740| rPhl pl+5, 20.20
D04 Grass, birch Betv 1, 0; Phl p1+5, 5.6 53 rPhl p1+5, 5.78
D12 Grass, birch Betv 1, 7; phl p1+5,1.96 368 rPhl p1+5, 1.98
D06 Birch Birch >100 444 Betv 1, 23.9
D21 House dust mite HDM, 11.2 55 HDM, 8.15

House dust mie,

horse and cat
D16 dander Der p1, 5,6; horse, 8.4 211 Der pl, 4.27
D07 House dust mite HDM, 28.9 143 HDM, 20.0
D19 Birch Bet vl, 67.5 257 Bet vl, 64.0
D18 Birch Betvl, 32.1 82 Bet vl, 37.6
D17 Brich, grass Bet v1, >100; Phl p1+5, 1.96 539 Bet vl, 26.7

Birch, grass, house |Betvl, 1.12; Phl p1+5, 14; Der Phl p1+5, 11.6; Der
D15 dust mite pl, 1.68 510 pl, 1.52

Birch, grass, house |Betvl, 19.1; Phl p1+5, 7; Der Bet vl, 14.1; Der
D14 dust mite pl, 2.52 240 pl, 2.21
D13 Grass Phl p1+5, 57.5 264 Phl p1+5, 39.8
D11 Grass Phl p1+5, 4.2 49 Phl p1+5, 9.54
D08 Birch Birch 11.2 125 Betvl, 9.44
D05 Birch Birch >100 177 Bet v1, 8.62
D02 Grass, birch Betv 1, 32.1; Phl p1+5, 5.6 860 Bet v1, 28.4
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