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Background: Characterization of IgE-binding epitopes of
allergens and determination of their patient-specific relevance is
crucial for the diagnosis and treatment of allergy.
Objective: We sought to assess the contribution of specific
surface areas of the major birch pollen allergen Bet v 1.0101 to
binding IgE of individual patients.
Methods: Four distinct areas of Bet v 1 representing in total
81% of its surface were grafted onto the scaffold of its homolog,
Api g 1.0101, to yield the chimeras Api-Bet-1 to Api-Bet-4. The
chimeras were expressed in Escherichia coli and purified. IgE
binding of 64 sera from Bet v 1–sensitized subjects with birch
pollen allergy was determined by using direct ELISA.
Specificity was assessed by means of inhibition ELISA.
Results: rApi g 1.0101, Api-Bet-1, Api-Bet-2, Api-Bet-3, and
Api-Bet-4 bound IgE from 44%, 89%, 80%, 78%, and 48% of
the patients, respectively. By comparing the amount of IgE
binding to the chimeras and to rApi g 1.0101, 81%, 70%, 75%,
and 45% of the patients showed significantly enhanced IgE
binding to Api-Bet-1, Api-Bet-2, Api-Bet-3, and Api-Bet-4,
respectively. The minority (8%) of the sera revealed enhanced
IgE binding exclusively to a single chimera, whereas 31%
showed increased IgE binding to all 4 chimeras compared with
rApi g 1.0101. The chimeras inhibited up to 70% of IgE binding
to rBet v 1.0101, confirming the specific IgE recognition of the
grafted regions.
Conclusion: The Bet v 1–specific IgE response is polyclonal,
and epitopes are spread across the entire Bet v 1 surface.
Furthermore, the IgE recognition profile of Bet v 1 is
highly patient specific. (J Allergy Clin Immunol 2014;nnn:nnn-
nnn.)
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Birch is one of the main elicitors of pollinosis in Europe.1 More
than 98% of patients with birch pollen allergy from Austria,

Finland, and Sweden are sensitized to the major birch pollen
allergen Bet v 1,2 which belongs to the pathogenesis-related 10
family of plant pathogenesis-related proteins.3 Additionally,
more than 70% of patients with birch pollen allergy have
adverse reactions to certain plant foods.4 This cross-reactivity is
caused by sensitization to Bet v 1 and binding of Bet v 1–specific
IgE to homologous plant food allergens. Bet v 1–related proteins
have been identified as major allergens in apple (Mal d 1), cele-
ry (Api g 1), cherry (Pru av 1), and carrot (Dau c 1), among
others.5-8

Until now, little has been known about the nature of IgE-
binding epitopes of Bet v 1 and related plant food allergens.
Epitope mapping is crucial to understand immune responses to
allergens and allergen cross-reactivity among homologous pro-
teins. Furthermore, knowledge about pivotal IgE-binding re-
gions provides the basic information required for the design of
safe and effective reagents used for allergen-specific immuno-
therapy, the only curative and specific approach in the treatment
of allergy.9

It was shown that IgE binding to Bet v 1 was highly
dependent on the protein’s native conformation.10,11 Thus the
analysis of IgE-binding epitopes of Bet v 1 represents a chal-
lenging task. Thus far, only 1 epitope was indirectly determined
by means of the cocrystallization of Bet v 1.0112 and the Fab
fragment of a murine mAb capable of blocking IgE binding
to Bet v 1 by 40%.11 This epitope covered the P-loop, a highly
conserved region among pathogenesis-related 10 family mem-
bers.12 Furthermore, the contribution of the P-loop to IgE bind-
ing of Bet v 1 was proved by means of site-directed mutagenesis
of Bet v 1 and Pru av 1. Exchange of Glu45 in both proteins
reduced IgE binding for most patients’ sera.13,14 The existence
of high and low IgE binding isoallergens of Bet v 1 and the gen-
eration of hypoallergenic mutants led to the definition of further
key residues important for IgE binding to Bet v 1 and Mal
d 1.15-17 Another strategy to identify epitopes is based on
mimicking the epitope in its interaction with IgE by short pep-
tides selected from random-peptide libraries. This so-called
mimotope technology was applied to identify preferred IgE-
binding regions of Bet v 1.18,19 Engineering of chimeric pro-
teins of Bet v 1 and homologous proteins represents a further
approach for investigating B-cell epitopes. By using epitope
grafting, 3 IgE-binding regions important for cross-reactivity
between Bet v 1 and Mal d 1 were examined.20-22

Because the diversity of the IgE response to Bet v 1 among
individual patients with birch pollen allergy has never been
investigated in detail, we aimed to determine the patient-specific
IgE recognition profile of a large group of patients. We generated
4 chimeras of Bet v 1.0101 and its low-allergenic, nonsensitizing
homolog Api g 1.0101 from celeriac.23-25 On the basis of the
known crystal structures of Bet v 126 and Api g 1,27 4 selected
Bet v 1–specific portions covering the major part of the molecular
surface were grafted onto the Api g 1 scaffold.
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METHODS

Patients and control subjects
In a retrospective study 64 residual serum samples of Austrian Bet v

1–sensitized patients with birch pollen allergy drawn during routine diagnosis

at the Floridsdorfer Allergiezentrum, Vienna, Austria, were included

(see Table E1 in this article’s Online Repository at www.jacionline.org).

The patients underwent no interventions related to the study. The use of

anonymized serum samples and clinical records without obtaining written

consent of the patients was approved by the ethics committee of the Medical

University of Vienna (approval no. 718/2010).

Patients were selected on the basis of a typical case history of birch pollen

allergy, positive skin prick test responses to birch pollen, and/or in vitro IgE

detection to rBet v 1 or birch pollen extract (>_0.35 kUA/L; ImmunoCAP,

Thermo-Fisher, Uppsala, Sweden). The average age of the patients was 34

years (range, 7-79 years). The sex distribution was balanced, with 56% female

and 44%male patients. History of food allergy to common birch pollen–asso-

ciated plant foods was assessed based on questioning by an experienced aller-

gist. Fifty-two percent (n5 33) had allergic symptoms after ingestion of plant

foods, with a single patient reporting celery allergy. Twenty-two percent (n5
14) did not report food allergies, and for the rest (n5 17), these data were not

available. As a negative control, sera from 7 nonallergic patients without his-

tories of type I allergy to common allergen sources were included.

Design of the Api g 1–Bet v 1 chimeras
Chimeric proteins of Bet v 1.0101 and its homolog Api g 1.0101 were

generated to investigate IgE binding to defined Bet v 1.0101–specific surface

areas. Grafting of Bet v 1–specific surface areas onto the Api g 1.0101 scaffold

was achieved by replacing Api g 1.0101–specific solvent-accessible (>20%)

residues by corresponding Bet v 1.0101–specific residues (Fig 1). We generated

the chimeric protein Api-Bet-1 by grafting Glu45, the central residue of the pre-

viously identified P-loop epitope, and surrounding residues, identified by using

UCSF Chimera,28 onto Api g 1.0101. The region opposite the P-loop (Api-Bet-

2), the C-terminus and surrounding residues (Api-Bet-3), and the C-terminal a-

helix (Api-Bet-4) of Bet v 1.0101 were grafted in the same manner to generate

spatially well-distributed Bet v 1.0101–specific surface areas on Api g 1.0101.

Cloning, expression and purification, and

physicochemical analysis of the recombinant

proteins
Production and analysis of the recombinant proteins was performed as

described in the Methods section in this article’s Online Repository at www.

jacionline.org.

IgE ELISA
For direct ELISA, microtiter plates (Maxisorp; Nalge Nunc International,

Roskilde, Denmark) were coated overnight at 48C with 1 mg/mL individual

chimeric proteins, a mixture of all chimeras (1 mg/mL each), and rApi g

1.0101 or rBet v 1.0101, respectively, in 50 mmol/L sodium carbonate buffer,

pH 9.6. After blocking of nonspecific binding sites, sera (1:10 dilution) were

incubated in duplicates overnight at 48C. Specific IgEwas detected by using an

alkaline phosphatase–conjugated mouse anti-human IgE mAb (BD Pharmin-

gen, San Jose, Calif), followed by color development with Sigma FAST

p-nitrophenyl phosphate tablets (Sigma-Aldrich, St Louis, Mo) and measure-

ment of the absorbance at 405 nm.

OD values were measured at several time points. For each serum, the

measurement with an OD of approximately 1.0 for Bet v 1.0101 was

normalized to a 1-hour substrate incubation period after subtracting the OD

values of the buffer controls (see Table E2 in this article’s Online Repository at

www.jacionline.org). Comparison of measurements at different times proved

that the OD values increased with time in a linear fashion (data not shown).

Hence normalized OD values were roughly proportional to allergen-specific

IgE concentrations.

Individual sera from 7 nonallergic donors were included as negative

controls. NormalizedOD values exceeding themean negative control value by

more than 3 SDs were considered positive.

For each serum, specific IgE binding to the grafted regions of each chimera

was assessed by calculating the difference of the OD values of the chimera and

rApi g 1.0101. The difference was considered positive if it exceeded 3 times

the SD of the negative control value.

ELISA inhibition
For inhibition ELISA, coating, blocking, and detection were performed, as

described above. Either Bet v 1.0101 or the chimeras were coated to the solid

phase. In inhibition assays, in which rBet v 1.0101 was coated, IgG was

removed in advance by means of incubation of prediluted sera on an anti-

human IgG (BD Pharmingen)–coated plate. Sera were diluted 30- to 100-fold.

Inhibition was performed by preincubating diluted sera with 10-fold serial

dilutions from 0.01 to 100 mg/mL of the individual chimeric proteins, a

mixture of all chimeras, and rApi g 1.0101 or rBet v 1.0101, respectively,

before they were applied to the plates.

For cross-inhibition between the chimeras, all chimeras, rApi g 1.0101, and

rBet v 1.0101 (1 mg/mL) were coated to the solid phase and incubated with

patients’ sera (diluted 10- to 60-fold). The supernatants were transferred to a

second plate, which was coated with all 4 chimeras or buffer only. IgE binding

to the second plate was detected, as described above.

Inhibition values were calculated as follows:

Inhibition ½%�5 ð12ODinhibited=ODnoninhibitedÞ3100:

ELISA with Bet v 1–specific mAbs
Binding of Bet v 1–specific mAbs to rBet v 1, rApi g 1, and the chimeras

was tested by using ELISA, as described in theMethods section in this article’s

Online Repository.

Statistical analyses
The Friedman test (a5 .05) was performed to test whether the amount of

IgE binding to each of the 4 chimeras differed significantly from that to rApi g

1.0101. The relationship between the number of chimeras recognized better

than rApi g 1.0101 and the amount of rBet v 1–specific IgE present in patients’

sera was analyzed by performing Spearman correlation (a 5 .05).

RESULTS

Biochemical characterization of the recombinant

proteins
The structural integrity of the recombinant proteins was

confirmed by means of circular dichroism spectroscopy, mass
spectrometry, and ELISA with Bet v 1–specific mAbs, as
described in the Results section in this article’s Online Repository
at www.jacionline.org.

IgE-binding profiles of Bet v 1 are highly patient

specific
IgE-binding capacities of rBet v 1.0101, rApi g 1.0101, and the

chimeras were determined by means of ELISA. All 64 tested sera
displayed rBet v 1–specific IgE, whereas only 44% of the sera
bound to rApi g 1 (Table I). Total IgE-binding capacities of all 4
chimeras were significantly higher than that of rApi g 1 (P <.001;
median OD for rApi g 1, 0.028; median ODs for the chimeras,
0.076-0.222; see Fig E3 in this article’s Online Repository at
www.jacionline.org).

For each serum, specific IgE binding to the grafted regions of
each chimera was assessed by calculating the difference of the
ELISAOD values of the chimera and the template rApi g 1.0101.
The grafted regions of Api-Bet-1, Api-Bet-2, and Api-Bet-3 were
recognized by 70% to 81% of the sera, whereas only 45%
recognized Api-Bet-4 (Table I).

Patients were categorized according to their binding patterns to
evaluate individual IgE recognition profiles (Fig 2). Interestingly,

J ALLERGY CLIN IMMUNOL

nnn 2014

2 GEPP ET AL

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org


only 5 (8%) of 64 sera exclusively recognized the grafted regions
of a single chimeric protein. Furthermore, 19 and 17 (30% and
27%, respectively) sera showed increased IgE binding to 2 or 3
chimeras, respectively, compared with rApi g 1.0101. The highest
number of patients possessed IgE directed to all 4 grafted regions
(20/64 [31%]).Only 3 (5%) sera did not bind to any grafted region.

Inhibition ELISA confirms IgE specificity for the

grafted areas
Data of 4 representative sera are depicted in Fig 3.Direct ELISA

data (Fig 3, A) show the highly patient-specific IgE-binding

patterns to the chimeric proteins. The percentage of Bet v 1–spe-
cific IgE that bound to the chimeras was tested by using an inhibi-
tion ELISA (Fig 3, B) in which rBet v 1.0101 was coated to the
solid phase. Self-inhibition of rBet v 1.0101was complete at inhib-
itor concentrations of 10 mg/mL. In most cases the chimeras did
not reach saturating inhibition, even at 100 mg/mL. Maximum in-
hibition values ranged from 7% to 71%, depending on the serum
and the inhibitor protein. A mixture of all 4 chimeras inhibited
IgE binding to Bet v 1 by 55% to 77%. In contrast, rApi g 1
inhibited IgE binding to rBet v 1 by only 2% to 27%.

The 4 chimeras were coated to the solid phase to examine the
percentage of chimera-specific IgE that bound to the grafted areas

FIG 1. Sequence and structural comparison of the chimeras. A, Front and back views (rotated by 1808
around a vertical axis) of the parent molecules and the chimeras are depicted. Colors indicating

mutated residues were mapped onto the Api g 1 surface. The models were prepared with UCSF Chimera.28

B, Multiple sequence alignment of proteins.
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(Fig 3, C). Inhibition was performed with rBet v 1.0101, rApi g
1.0101, and the immobilized chimeras. In all cases almost com-
plete inhibition of IgE binding to the chimeras by rBet v 1.0101
was observed. The extent to which rApi g 1.0101 inhibited IgE
binding to the chimeras showed large differences between the
tested sera. Inhibitions with 3 sera (4, 20, and 31) yielded percent-
ages between 10% and 68%, with the exception of a single high
value. In contrast, inhibitions with serum 2 resulted in high ex-
tents of inhibition (82% to 91%) for all 4 chimeras, indicating
low percentages of IgE binding to the grafted areas.

Furthermore, ELISA inhibitions were performed in which IgE
binding to each chimera was inhibited by all other chimeras (see
Fig E5, B, in this article’s Online Repository at www.jacionline.
org). We observed partial cross-reactivity between Api-Bet-1
and Api-Bet-4, as well as between Api-Bet-2 and Api-Bet-3,
for some sera.

The amount of Bet v 1–specific IgE correlates with

the number of chimeras recognized
The number of chimeras to which IgE binding to the grafted

region was detected and the amount of Bet v 1–specific IgE in
patients’ sera showed a significant correlation (r5 0.35, P5 .01;
see Fig E4 in this article’s Online Repository at www.jacionline.
org). Comparing the OD values of the Bet v 1–specific IgE ELISA
after 1 hour yielded a median OD of 1.03 for sera that recognized
no chimeras, whereas this value was 1.98 and 2.39 for sera bind-
ing to 3 or all 4 chimeras, respectively.

DISCUSSION
Thus far, little is known about the distribution of IgE-binding

epitopes on the surface of the major birch pollen allergen Bet v 1.
We grafted defined Bet v 1 surface areas onto the structurally
homologous celery allergen Api g 1.0101, which has a much
lower capacity to bind IgE from patients with birch pollen allergy.
We then used these chimeric proteins to analyze IgE binding to
the grafted areas for a large group of patients with birch pollen
allergy. A similar approach was used to investigate IgE binding to
the P-loop20 and other relevant single amino acid residues of Bet v
121,22 or other allergens.29-31 However, we are the first to analyze
IgE binding to a large portion of the solvent-exposed surface area
of Bet v 1.0101.

The combined mutated residues of all 4 chimeric allergens,
including residues conserved between Bet v 1.0101 and Api g
1.0101, comprised more than 80% of the molecular surface of Bet
v 1.0101. To obtain reliable data, we ensured that the recombinant
proteins folded correctly. We checked the secondary structures of
the chimeras using circular dichroism spectroscopy and obtained
spectra highly similar to that of rApi g 1 (see Fig E1, A, in this ar-
ticle’s Online Repository at www.jacionline.org). Furthermore,
we performed an ELISAwith 2 Bet v 1–specific mAbs that bound
to rBet v 1 and Api-Bet-1 but not to the other chimeras and rApi g
1 (see Fig E2 in this article’s Online Repository at www.
jacionline.org). Moreover, a Bet v 1–specific, recombinant, hu-
man single-chain variable antibody fragment (manuscript in prep-
aration) exclusively bound to rBet v 1 and Api-Bet-3. These
experiments proved that Api-Bet-1 and Api-Bet-3 contained sin-
gle Bet v 1–like regions on their surfaces, which were responsible
for their specific antibody-binding abilities. The correct fold of the
chimeras was further substantiated by the fact that the amounts of
IgE binding to all chimeras were equal or greater than the amounts
of rApi g 1–specific IgE in 62 of 64 sera (see Table E3 in this ar-
ticle’s Online Repository at www.jacionline.org).

Several studies aiming to map IgE-binding epitopes on Bet v
1.0101 were performed. The first IgE-binding epitope on Bet v 1
was located by means of crystallization of an antibody-antigen
complex and comprised an area covering the P-loop.11 The
crucial role of this conserved region for IgE binding was
confirmed in several studies.11,20,32 Furthermore, the fact that
an mAb binding to this epitope was able to inhibit specific IgE
binding by approximately 40% supported the concept that a few
epitopes dominated the IgE response to Bet v 1.14

The P-loop of Api g 1.0101 is different because it harbors a
positively charged lysine instead of a negatively charged glutamic
acid at the corresponding position in Bet v 1.0101. We
investigated in detail IgE binding to the P-loop of Bet v 1.0101
by replacing 11 amino acids of Api g 1.0101 by the corresponding
Bet v 1.0101–derived residues (Fig 1). The Api g 1 derivative
generated was termed Api-Bet-1, and 81% of the patients with
birch pollen allergy showed higher IgE binding to this chimera
than to rApi g 1.0101 (Table I). Surprisingly, only 2 of 64 patients
exclusively recognized Api-Bet-1, indicating that the area around
the P-loop is by far not the only region important for IgE binding
to Bet v 1.0101 (Fig 2). This prediction is corroborated by the fact
that, contrary to Api g 1.0101, the isoallergenApi g 1.0201, which
comprises a P-loop similar to Bet v 1.0101,23 has a low
IgE-binding capacity.

In contrast to Bet v 1.0101, Api g 1.0101 has a C-terminus
shortened by 5 residues. In Api-Bet-3 these residues were added
and another 8 amino acids were mutated to obtain a Bet v

TABLE I. Frequencies of IgE binding among patients with birch

pollen allergy (n 5 64) to rBet v 1, rApi g 1, and the chimeras

determined by means of ELISA

Frequencies of recognition

Frequencies of IgE binding

to grafted regions*

rBet v 1 100% 100%

rApi g 1 44% —

Api-Bet-1 89% 81%

Api-Bet-2 80% 70%

Api-Bet-3 78% 75%

Api-Bet-4 48% 45%

*Percentage of patients with IgE binding significantly increased compared with

rApi g 1.

FIG 2. Patient-specific patterns of IgE binding to the grafted regions of

chimeric proteins. IgE binding of Bet v 1–sensitized patients’ sera (n 5 64)

was determined bymeans of IgE ELISA. The OD values obtained with rApi g

1 were subtracted, and significantly positive values were counted.
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1–specific area around the C-terminus (Fig 1). Contrary to Neu-
decker et al,13 who showed that removing the C-terminal residues
155-159 from Pru av 1.0101 did not affect IgE reactivity, we
observed an increased recognition of Api-Bet-3 compared with
rApi g 1.0101 for 75% of the sera (Table I). Furthermore, Api-
Bet-3 exhibited the highest IgE binding capacity (see Fig E3)
and was able to inhibit IgE binding to rBet v 1 by up to 70%
(Fig 3, B).

For Api-Bet-4, 11 amino acids were mutated in Api g 1.0101 to
create a Bet v 1–specific area around the C-terminal a helix (Fig
1). Compared with the other chimeras, Api-Bet-4 bound the
lowest amount of IgE, and only 45% of the patients showed
enhanced IgE binding to this chimera compared with rApi g
1.0101. In a recent study22 an rBet v 1–specific IgE antibody

was selected from a phage library constructed from IgE-
encoding cDNAs isolated from Bet v 1–sensitized patients. This
antibody bound to the C-terminal helix of Bet v 1, but not to
Mal d 1, which was also proved by grafting the C-terminal helix
of Bet v 1 onto Mal d 1. However, the significance of this epitope
was not tested with patients’ sera.

In our studywe showed that all the chimeras, each of which was
bearing a distinct Bet v 1–specific surface area, bound IgE from a
high percentage of patients’ sera. In line with our data, previous
studies showed that the entire surface of a protein is potentially
antigenic.33 Interestingly, 31% of patients with birch pollen al-
lergy recognized all 4 grafted areas, indicating that the immune
response to Bet v 1.0101 is highly polyclonal. Nevertheless, we
observed a total of 12 different recognition profiles in our patient

FIG 3. ELISA data of 4 representative patients. A, Direct ELISA showing IgE binding to rBet v 1.0101, rApi g

1.0101, the chimeras, and a mix of all chimeras (nonnormalized OD values). B and C, Inhibition of IgE bind-

ing to immobilized rBet v 1.0101 (Fig 3, B) or the chimeras (Fig 3, C) by means of preincubation with rBet v

1.0101 (positive control), rApi g 1.0101, and the chimeras. n.d., Not done.
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sample, with the number of bound chimeras between 0 and 4
(Fig 2).

Consistent with our results, a high patient-to-patient variation
was also observed when investigating IgE binding to the P-loop
mutants of Pru av 1 and Api g 1.0101.13,23,34 Furthermore, Holm
et al20 observed patient-specific IgE repertoires by grafting of a
Bet v 1–specific epitope containing the P-loop onto Mal d 1.
Moreover, IgE binding to various Bet v 1mutants displayed diver-
gent recognition patterns,16,35 and high heterogeneity of IgE spec-
ificity could also be observed by comparing IgE binding to Bet v 1
and homologous food proteins.19 However, most of these studies
were performed with small patient groups.

In a recent study of allergen-specific IgE from patients
sensitized to the major house dust mite allergen Der p 2, it was
shown that the complexity of the allergic patients’ IgE repertoire
correlated with the serum concentration of allergen-specific
IgE.36 In accordance with this finding, we revealed that the
amount of Bet v 1–specific IgE present in patients’ sera correlated
with the number of chimeras recognized, a value representing the
complexity of the IgE epitope repertoire (see Fig E4).

Reduction of IgE cross-linking on the surfaces of mast cells or
basophils by vaccine components during specific immunotherapy
is crucial for preventing severe side effects. Therefore character-
ization of IgE-binding epitopes is of paramount importance for
developing artificial hypoallergens or peptide vaccines for safer
and more effective immunotherapy. Mapping of IgE epitopes by
using a chimera-based approach offers the possibility of
analyzing a defined area (eg, a single IgE epitope) of an allergen
with polyclonal patients’ sera. Thus this technologymight be used
as diagnostic tool to determine the patient-specific response to
defined epitopes of a major allergen or to cross-reactive
homologs. In addition, this will pave the way for a patient-
tailored epitope-based therapy.

Taken together, this study demonstrates that it is possible to
graft defined areas of a major allergen onto a low IgE-binding
homolog to evaluate IgE binding to the grafted region. Further-
more, investigation of a large group of patients with birch pollen
allergy showed that the repertoire of Bet v 1–specific IgE is highly
patient specific and polyclonal. A single major epitope on Bet v
1.0101 important for all patients with birch pollen allergy does
not exist, and relevant IgE-binding epitopes are located across the
entire surface of Bet v 1.0101.

Key messages

d The Bet v 1–specific IgE response is polyclonal, and the
recognition profile is highly patient specific.

d The existence of a single major IgE epitope on Bet v 1 can
be excluded.

d The IgE epitopes are distributed across the entire surface
of Bet v 1.
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METHODS20

Cloning, Expression and Purification of Recombinant Proteins21

Expression constructs were generated by inserting synthetic codon-optimized DNA molecules22

(Eurofines MWG Operon, Ebersberg, Germany) into the Escherichia coli vectors pET28a(+)23

(Novagen, Madison, WI, USA) for Bet v 1.0101, Api g 1.0101, Api-Bet-1 and Api-Bet-424

(NcoI/EcoRI used) and pET32a(+) (Novagen) for Api-Bet-2 and Api-Bet-3 (BglII/EcoRI25

used). Proteins expressed in the latter vector yield fusion proteins with an N-terminal 6x26

histidine tag and thioredoxin. For removal of the His-tagged thioredoxin an oligonucleotide27

encoding a PreScission Protease (GE Healthcare, Little Chalfont, UK) cleavage site (5’-28

LeuGluValLeuPheGln/GlyPro-3’) was inserted directly upstream of the Api-Bet-2 and -329

genes between the NcoI and BglII restriction sites.30

All chimeras, Bet v 1.0101 and Api g 1.0101 were expressed in freshly transformed31

Escherichia coli BL21 [DE3] (Novagen, Madison, WI) and grown at 30° C in LB-medium32

supplemented with 25 mg/L kanamycin (Bet v 1.0101, Api g 1.0101, Api-Bet-1 and Api-Bet-33

4) or at 20°C in LB-medium supplemented with 100 mg/L ampicillin (Api-Bet-2 and -3).34

Protein expression was induced by addition of 1 mM isopropyl β-D-1-thiogalactopyranoside35

at an OD600 of 0.8. After overnight expression, the cells were harvested by centrifugation. The36

pellets were resuspended in 50 mM Tris/HCl pH 8.0, 10 mM EDTA, 10 mM DTT37

supplemented with protease inhibitor tablets (Roche Diagnostics, Mannheim, Germany) for38

rBet v 1.0101, rApi g 1.0101, Api-Bet-1 and -4 or 50 mM Tris/HCl pH 8.0, 300 mM NaCl39

supplemented with protease inhibitor tablets for Api-Bet-2 and -3 and lysis was performed40

using a French Pressure Cell (SLM Aminco, Rochester, NY, USA).41

Purification of rBet v 1.0101, rApi g 1.0101, Api-Bet-1 and -4 was achieved by42

hydrophobic interaction chromatography (Phenyl Sepharose; GE Healthcare, Little Chalfont,43

UK), anion exchange chromatography (Q-Sepharose; GE Healthcare) and size exclusion44

chromatography (Sephacryl S-200; GE Healthcare). For Api-Bet-2 and -3, the major part of45



Gepp et al 3

the fusion proteins remained in the pellet. The soluble fraction was directly loaded onto a46

Ni2+-based immobilized metal ion affinity chromatography column (IMAC-Sepharose; GE47

Healthcare). The insoluble fraction was denatured with 50 mM Tris/HCl pH 8.0, 8 M Urea,48

300 mM NaCl, loaded onto the IMAC-column and renatured in 50 mM Tris/HCl, 300 mM49

NaCl, 5% glycerol by decreasing the urea concentration from 8 M to 0 M within 120 minutes50

at 0.8 mL/min. Elution was achieved with 100 mM EDTA pH 8,0. Purification of Api-Bet-251

and -3 was obtained after cleavage of the fusion proteins with PreScission Protease (GE52

Healthcare), removal of thioredoxin with IMAC-Sepharose (GE Healthcare) and removal of53

PreScission Protease with affinity (GSTrap, GE Healthcare) or size exclusion chromatography54

(Sephacryl S-200; GE Healthcare). The purified proteins were dialyzed against 10 mM55

sodium phosphate buffer pH 7.4 and stored at -20°C.56

57

Physicochemical analysis of the recombinant proteins58

Purity of the recombinant proteins was analyzed by SDS-PAGE and Coomassie Brilliant Blue59

R-250 staining. The identity was checked by Matrix-assisted laser desorption/ionization-time60

of flight (MALDI-TOF) mass spectrometry (Bruker Daltonics, Bremen, Germany). Secondary61

structures were checked by circular dichroism spectroscopy and recorded in 10 mM sodium62

phosphate buffer pH 7.4 at 0.2 mg/mL in a 0.1-cm quartz cuvette using a J-81063

spectopolarimeter (Jasco, Easton, MD, USA).64

65

ELISA with monoclonal anti-Bet v 1 antibodies66

Microtiter plates (Maxisorp, Nalge Nunc International, Roskilde, Denmark) were coated67

overnight at 4°C using 2 µg/mL recombinant protein in 50 mM sodium carbonate buffer, pH68

9.6. After blocking of non-specific binding sites, cell culture supernatants of BIP 1 and BIP 4169

(1:10 dilution) were incubated in duplicates overnight at 4°C. Bound antibodies were detected70

by a 1:5000 diluted alkaline phosphatase-conjugated rabbit anti-mouse IgM+IgG antibody71
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(Jackson ImmunoResearch, Suffolk, UK) followed by color development using Sigma FAST72

p-nitrophenyl phosphate tablets (Sigma-Aldrich, St. Loise, MO, USA) and measurement of73

the absorbance at 405nm.74

75

76
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RESULTS77

78

Biochemical characterization of the recombinant proteins79

To confirm structural integrity of the recombinant proteins, the presence of secondary80

structure elements was analyzed by CD-spectroscopy. rBet v 1.0101, rApi g 1.0101 and the81

chimeric proteins showed nearly identical CD-spectra typical for folded proteins with mixed82

α-β structures (Fig. E1A). Api-Bet-2 and Api-Bet-3 were obtained after denaturing83

purification and in vitro refolding. Nevertheless, their CD-spectra were identical to those of84

protein preparations obtained after native purification (Fig. E1B).85

Furthermore, MALDI-TOF mass spectrometry was used to show the integrity of the86

recombinant proteins. The molecular masses of the chimeric proteins were measured as87

follows (theoretical mass is given in parentheses): rBet v 1.0101 (17439) 17439, rApi g88

1.0101 (16189) 16190, Api-Bet-1 (16358) 16359, Api-Bet-2 (16461) 16465, Api-Bet-389

(17157) 17154, Api-Bet-4 (16115) 16113. These values confirm the correct cleavage of Api-90

Bet-2 and Api-Bet-3 from thioredoxin and prove that the initial methionine of Api-Bet-1 and91

Api-Bet-4 was removed.92

In order to confirm the structural integrity of the chimeric proteins, we performed an93

ELISA with the Bet v 1-specific monoclonal antibodies BIP 1 and BIP 41 (Fig. E2). Both94

antibodies bound to rBet v 1 and Api-Bet-1, but not to rApi g 1 and the other chimeras.95

96
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TABLES103

TABLE E1: Clinical data of the patients included in this study.104

105

# Age Sex Food allergies
Positive skin prick

testa
Total IgE

[kU/l]
Bet v 1 CAP

[kU/l]
1 17 m n.k. bi ash gr hdm 96 35.4
2 34 m apple, pear, nuts bi hdm 310 77.5
3 51 f n.k. bi gr hdm ca do 29 11.2
4 24 m apple, nuts, kiwi bi ash gr 605 82.5
5 7 m kiwi bi ash gr 290 >100
6 25 m n.k. bi ash gr rag pla 85 14.0

7 13 f n.k.
bi gr mug ash hdm ca

do alt 1100 35.4
8 25 m no bi gr hdm ca do 57 4.2
9 42 m n.k. bi hdm 66 45.1
10 62 f no bi 82 4.2
11 46 m apple bi ash gr 102 11.2
12 34 m no bi ash gr pla hdm 135 14.0
13 29 f no bi gr 82 8.4
14 16 m apple, citrus bi gr ca alt 245 14.0
15 40 f no bi gr mug rag hdm 315 >100
16 16 m n.k. bi ash gr 300 92.5
17 61 f n.k. bi ca 860 >100
18 43 f n.k. bi mug pla 21 7.0

19 34 m no
bi ash gr rag pla ca do

alt 250 45.1
20 55 f apple, pear, nuts, soja bi 154 87.5
21 50 f no bi hdm 130 16.8
22 24 m n.k. bi ash 31 22.4
23 36 m n.k. bi ash pla 120 19.1
24 38 f n.k. bi gr mug ca ho 925 87.5
25 33 f n.k. bi alt 14 7.0
26 10 m n.k. bi ash mug gr hdm ca 157 12.6
27 8 m apple, cherry bi gr hdm alt 66 35.4

28 34 f
apple, pear, stone

fruit, nuts bi gr hdm ca 246 41.9
29 47 f apple, peach, kiwi bi gr ca do hdm 272 >100
30 18 f no bi gr mug hdm ca 148 9.8

31 79 m apple
bi ash gr mug ca do

pla 810 45.1
32 30 f no bi gr 98 25.6
33 30 f spinach bi gr ash rap pla mug 240 35.4
34 29 f apple, carrot bi gr pla mug hdm 63 25.6
35 41 f n.k. bi 50 22.4
36 15 f apricot, peanut bi gr ash pla hdm 803 25.6
37 38 m n.k. bi gr ca do 1330 32.1
38 13 f n.k. bi ash gr mug rag 910 >100
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# Age Sex Food allergies
Positive skin prick

testa
Total IgE

[kU/l]
Bet v 1 CAP

[kU/l]
39 36 m apple bi ash gr hdm 92 52.5
40 34 f n.k. bi ash gr hdm 165 62.5

41 27 f
apple, pear, stone

fruit, nuts bi ash gr mug rag 380 >100
42 22 f no bi 56 25.6
43 37 f nuts bi 420 >100
44 24 f apple bi gr pla hdm 345 15.4
45 21 m apple, nuts bi gr hdm ca ho 435 87.5
46 35 m apple, nuts, carrot n.k. 1700 >100b

47 30 f nuts n.k. 386 17.51-50b

48 30 f apple, nuts bi gr alt 38 3.51-17.5
49 28 m apple, peach n.k. 36 5.05b

50 32 f apple, peach n.k. 70 16
51 31 f apple, nuts, peach bi 4155 47.7
52 30 f apple, nuts, peach n.k. 31 8.57b

53 38 m no n.k. 444 76.4
54 28 m no bi alt 47 8.15b

55 28 f

apple, peach, cherry,
carrot, nuts, jackfruit,

tempeh n.k. 256 11.0
56 24 f no n.k. 92 1.37b

57 41 m
apple, peach, cherry,

carrot, jackfruit n.k. 57 2.5
58 40 m no n.k. 83 9.74b

59 34 m nuts, apple n.k. 217 50b

60 49 f
apple, pear, apricot,
peach, cherry, nuts n.k. 50 14.0

61 40 f apple, pear n.k. 70 3.7

62 63 f
apple, celery, carrot,

citrus, egg white n.k. 158 2.3

63 67 f
apple, nuts, peach,

apricot n.k. 34 12.3

64 43 m
apple, nuts, melon,

banana n.k. 559 25.1
106

a bi: birch, gr: grass, mug: mugwort, pla: plantain, rag: ragweed, rap: rape, ca: cat, do: dog,107

ho: horse, hdm: house dust mite, alt: Alternaria108

b CAP to birch pollen109

n.k.: not known110
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TABLE E2: Raw and normalized IgE-ELISA OD-values of sera from all allergic patients’ (1-64) and non-allergic individuals’ (NHS1-NHS7) sera111

included in this study.112

Measured ELISA OD values (raw data) after subtracting buffer control values Normalized ELISA OD/h

Serum # rBet v 1 rApi g 1 Api-Bet-1 Api-Bet-2 Api-Bet-3 Api-Bet-4

Substrate
incubation

period [min] rBet v 1 rApi g 1 Api-Bet-1 Api-Bet-2 Api-Bet-3 Api-Bet-4

1 0,856 0,039 0,204 0,060 0,183 0,113 10 5.134 0.237 1.222 0.362 1.097 0.677

2 1,250 0,083 0,308 0,210 0,423 0,198 15 5.001 0.334 1.231 0.840 1.693 0.793

3 0,936 -0,001 0,014 0,118 0,308 0,018 30 1.872 -0.001 0.028 0.237 0.616 0.036

4 1,617 0,006 0,303 0,277 0,322 0,050 15 6.469 0.024 1.211 1.110 1.288 0.198

5 0,897 0,008 0,048 0,253 0,481 0,050 7 7.690 0.072 0.409 2.165 4.123 0.432

6 0,820 0,086 0,280 0,076 0,113 0,165 30 1.641 0.172 0.560 0.153 0.226 0.330

7 0,913 0,007 0,189 0,113 0,107 0,014 15 3.651 0.029 0.757 0.451 0.429 0.055

8 0,675 0,024 0,038 0,044 0,056 0,076 60 0.675 0.024 0.038 0.044 0.056 0.076

9 0,878 0,118 0,328 0,148 0,293 0,319 25 2.106 0.283 0.787 0.354 0.703 0.767

10 0,893 0,003 0,337 0,073 0,141 0,013 60 0.893 0.003 0.337 0.073 0.141 0.013

11 1,016 0,014 0,093 0,098 0,021 0,025 30 2.032 0.028 0.187 0.195 0.041 0.051

12 1,812 0,054 0,332 0,037 0,113 0,112 7 15.532 0.461 2.844 0.316 0.970 0.964

13 0,856 0,018 0,015 0,090 0,029 0,033 40 1.284 0.028 0.023 0.135 0.043 0.049

14 0,929 0,067 0,068 0,076 0,161 0,200 30 1.857 0.134 0.137 0.152 0.322 0.400

15 0,915 0,006 0,010 0,072 0,125 0,012 10 5.489 0.037 0.060 0.434 0.752 0.069

16 1,145 0,017 0,389 0,067 0,119 0,132 10 6.868 0.105 2.334 0.403 0.714 0.792

17 1,045 0,038 0,224 0,048 0,121 0,084 7 8.953 0.330 1.918 0.409 1.039 0.718

18 0,817 0,039 0,127 0,127 0,186 0,100 45 1.090 0.052 0.169 0.170 0.249 0.134

19 0,974 0,003 0,173 0,046 0,015 0,003 20 2.922 0.009 0.519 0.138 0.046 0.010

20 1,067 0,018 0,327 0,113 0,124 0,106 15 4.270 0.070 1.309 0.451 0.495 0.423

21 0,915 0,035 0,158 0,137 0,248 0,108 25 2.195 0.083 0.380 0.328 0.596 0.260

22 0,901 -0,003 -0,004 0,127 0,085 -0,001 20 2.702 -0.009 -0.013 0.381 0.255 -0.002

23 0,939 0,002 0,056 0,059 0,011 -0,002 25 2.254 0.005 0.133 0.142 0.026 -0.005
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Measured ELISA OD values (raw data) after subtracting buffer control values Normalized ELISA OD/h

Serum # rBet v 1 rApi g 1 Api-Bet-1 Api-Bet-2 Api-Bet-3 Api-Bet-4

Substrate
incubation

period [min] rBet v 1 rApi g 1 Api-Bet-1 Api-Bet-2 Api-Bet-3 Api-Bet-4

24 0,754 0,028 0,125 0,103 0,244 0,134 20 2.263 0.083 0.376 0.308 0.731 0.401

25 0,771 0,021 0,018 0,004 0,034 0,006 45 1.027 0.028 0.024 0.006 0.046 0.008

26 0,897 0,014 0,024 0,092 0,180 0,030 35 1.538 0.024 0.041 0.158 0.308 0.052

27 0,981 0,009 0,162 0,115 0,207 0,068 25 2.355 0.022 0.388 0.275 0.498 0.162

28 1,045 0,019 0,113 0,166 0,276 0,045 20 3.135 0.057 0.339 0.498 0.828 0.136

29 1,508 0,035 0,325 0,086 0,132 0,047 15 6.0324 0.139 1.3008 0.3456 0.5272 0.1898

30 0,837 0,024 0,044 0,284 0,058 0,039 30 1.673 0.048 0.089 0.567 0.117 0.077

31 1,167 0,007 0,038 0,212 0,028 0,010 15 4.666 0.027 0.152 0.848 0.111 0.038

32 1,023 0,015 0,023 0,029 0,050 0,018 15 4.094 0.059 0.090 0.117 0.200 0.073

33 0,843 0,014 0,094 0,028 0,051 0,007 25 2.023 0.035 0.225 0.067 0.122 0.018

34 0,723 0,127 0,349 0,037 0,034 0,204 45 0.965 0.169 0.465 0.049 0.045 0.272

35 1,035 0,008 0,119 0,025 0,023 0,007 20 3.105 0.025 0.357 0.074 0.070 0.022

36 0,844 0,002 0,000 0,134 0,173 0,002 40 1.266 0.003 0.000 0.202 0.260 0.003

37 0,937 0,014 0,146 0,087 0,155 0,133 30 1.875 0.029 0.291 0.175 0.310 0.265

38 1,031 0,020 0,073 0,200 0,171 0,119 10 6.189 0.119 0.436 1.198 1.026 0.715

39 0,825 -0,002 0,060 0,207 0,296 0,032 25 1.979 -0.004 0.145 0.496 0.710 0.076

40 0,805 0,002 0,094 0,147 0,166 0,050 20 2.416 0.007 0.283 0.441 0.498 0.151

41 0,985 0,034 0,212 0,095 0,054 0,258 15 3.940 0.136 0.848 0.380 0.217 1.031

42 0,949 0,167 0,428 0,154 0,295 0,548 25 2.277 0.400 1.028 0.370 0.709 1.315

43 0,857 0,014 0,009 0,027 0,016 0,026 15 3.429 0.057 0.038 0.108 0.064 0.105

44 0,681 -0,009 0,088 -0,003 -0,004 -0,001 50 0.818 -0.011 0.106 -0.004 -0.005 -0.001

45 0,976 0,023 0,270 0,026 0,062 0,185 25 2.343 0.056 0.649 0.063 0.148 0.443

46 0,872 0,023 0,045 0,079 0,126 0,061 10 5.231 0.137 0.269 0.475 0.754 0.363

47 0,981 -0,008 0,151 0,103 0,238 0,002 35 1.681 -0.013 0.258 0.176 0.408 0.003

48 0,787 0,024 0,122 0,064 0,091 0,094 75 0.630 0.019 0.097 0.051 0.073 0.075

49 0,850 -0,008 0,017 0,029 0,040 0,025 45 1.133 -0.011 0.022 0.039 0.054 0.033

50 0,835 0,009 0,146 0,066 0,017 0,004 45 1.113 0.012 0.195 0.087 0.022 0.005
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Measured ELISA OD values (raw data) after subtracting buffer control values Normalized ELISA OD/h

Serum # rBet v 1 rApi g 1 Api-Bet-1 Api-Bet-2 Api-Bet-3 Api-Bet-4

Substrate
incubation

period [min] rBet v 1 rApi g 1 Api-Bet-1 Api-Bet-2 Api-Bet-3 Api-Bet-4

51 0,909 0,028 0,138 0,076 0,195 0,200 40 1.364 0.043 0.207 0.114 0.292 0.300

52 0,786 -0,016 0,025 0,052 0,062 -0,008 50 0.943 -0.020 0.030 0.062 0.075 -0.009

53 1,073 0,009 0,050 0,024 0,043 0,026 25 2.576 0.022 0.120 0.057 0.104 0.061

54 0,985 -0,003 0,012 0,064 0,135 0,048 40 1.478 -0.005 0.019 0.096 0.202 0.072

55 0,331 -0,012 -0,010 0,001 0,001 -0,011 75 0.265 -0.010 -0.008 0.001 0.001 -0.009

56 0,437 -0,010 0,076 0,001 0,049 -0,009 75 0.349 -0.008 0.061 0.001 0.040 -0.007

57 0,393 0,023 0,078 0,041 0,091 0,096 75 0.314 0.018 0.062 0.033 0.073 0.077

58 0,861 -0,013 -0,008 0,081 0,116 0,016 45 1.148 -0.017 -0.011 0.108 0.155 0.021

59 1,060 -0,006 0,055 0,397 0,463 0,248 20 3.179 -0.018 0.166 1.191 1.388 0.743

60 0,874 -0,001 0,010 0,088 0,099 0,033 40 1.311 -0.001 0.015 0.131 0.148 0.049

61 0,586 -0,011 -0,013 0,017 0,010 -0,004 75 0.468 -0.009 -0.011 0.013 0.008 -0.003

62 0,383 -0,012 -0,019 0,010 -0,004 -0,009 75 0.307 -0.010 -0.015 0.008 -0.003 -0.007

63 0,952 0,005 0,047 0,207 0,144 0,011 40 1.428 0.008 0.070 0.310 0.216 0.017

64 0,889 0,011 0,025 0,036 0,060 0,035 40 1.333 0.016 0.038 0.054 0.091 0.053

NHS 1 -0.001 0.008 0.000 -0.011 0.011 0.012 60 -0.001 0.008 0.000 -0.011 0.011 0.012

NHS 2 -0.005 0.007 -0.002 -0.011 0.016 0.000 60 -0.005 0.007 -0.002 -0.011 0.016 0.000

NHS 3 -0.006 0.008 -0.003 -0.016 0.006 0.007 60 -0.006 0.008 -0.003 -0.016 0.006 0.007

NHS 4 0.017 0.008 0.003 0.001 0.022 0.030 60 0.017 0.008 0.003 0.001 0.022 0.030

NHS 5 -0.010 0.003 -0.004 -0.015 0.005 -0.003 60 -0.010 0.003 -0.004 -0.015 0.005 -0.003

NHS 6 -0.010 0.014 -0.002 -0.017 0.001 0.004 60 -0.010 0.014 -0.002 -0.017 0.001 0.004

NHS 7 -0.008 0.002 -0.002 -0.020 -0.005 -0.001 60 -0.008 0.002 -0.002 -0.020 -0.005 -0.001
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TABLE E3: Amounts of allergen-specific IgE from all allergic patients’ (1-64) and non-113

allergic individuals’ (NHS1-NHS7) sera included in this study. OD values of the IgE ELISAs114

specific for rBet v 1.0101, rApi g 1.0101 and the four chimeras were normalized to a substrate115

incubation period of 1 hour after subtraction of the buffer control values.116

Normalized ELISA OD/h OD/h chimeras – OD/h Api g 1

Serum rBet v 1 rApi g 1 Api-Bet-1 Api-Bet-2 Api-Bet-3 Api-Bet-4 Api-Bet-1 Api-Bet-2 Api-Bet-3 Api-Bet-4

1 5.134 0.237 1.222 0.362 1.097 0.677 0.985 0.125 0.860 0.441

2 5.001 0.334 1.231 0.840 1.693 0.793 0.897 0.506 1.359 0.459

3 1.872 -0.001 0.028 0.237 0.616 0.036 0.029 0.238 0.618 0.037

4 6.469 0.024 1.211 1.110 1.288 0.198 1.187 1.086 1.264 0.174

5 7.690 0.072 0.409 2.165 4.123 0.432 0.337 2.093 4.050 0.360

6 1.641 0.172 0.560 0.153 0.226 0.330 0.388 -0.019 0.054 0.158

7 3.651 0.029 0.757 0.451 0.429 0.055 0.728 0.422 0.400 0.026

8 0.675 0.024 0.038 0.044 0.056 0.076 0.014 0.020 0.031 0.052

9 2.106 0.283 0.787 0.354 0.703 0.767 0.504 0.071 0.420 0.484

10 0.893 0.003 0.337 0.073 0.141 0.013 0.334 0.071 0.139 0.010

11 2.032 0.028 0.187 0.195 0.041 0.051 0.159 0.167 0.013 0.023

12 15.532 0.461 2.844 0.316 0.970 0.964 2.383 -0.146 0.509 0.502

13 1.284 0.028 0.023 0.135 0.043 0.049 -0.005 0.108 0.016 0.021

14 1.857 0.134 0.137 0.152 0.322 0.400 0.002 0.018 0.187 0.266

15 5.489 0.037 0.060 0.434 0.752 0.069 0.023 0.398 0.715 0.032

16 6.868 0.105 2.334 0.403 0.714 0.792 2.230 0.298 0.610 0.688

17 8.953 0.330 1.918 0.409 1.039 0.718 1.588 0.080 0.709 0.388

18 1.090 0.052 0.169 0.170 0.249 0.134 0.117 0.118 0.197 0.082

19 2.922 0.009 0.519 0.138 0.046 0.010 0.509 0.129 0.037 0.001

20 4.270 0.070 1.309 0.451 0.495 0.423 1.239 0.381 0.424 0.353

21 2.195 0.083 0.380 0.328 0.596 0.260 0.297 0.245 0.513 0.177

22 2.702 -0.009 -0.013 0.381 0.255 -0.002 -0.003 0.391 0.265 0.008

23 2.254 0.005 0.133 0.142 0.026 -0.005 0.128 0.137 0.021 -0.010

24 2.263 0.083 0.376 0.308 0.731 0.401 0.293 0.225 0.648 0.317

25 1.027 0.028 0.024 0.006 0.046 0.008 -0.004 -0.022 0.018 -0.020

26 1.538 0.024 0.041 0.158 0.308 0.052 0.017 0.133 0.284 0.028

27 2.355 0.022 0.388 0.275 0.498 0.162 0.366 0.253 0.475 0.140

28 3.135 0.057 0.339 0.498 0.828 0.136 0.282 0.441 0.771 0.079

29 6.0324 0.139 1.3008 0.3456 0.5272 0.1898 1.162 0.207 0.388 0.051

30 1.673 0.048 0.089 0.567 0.117 0.077 0.041 0.520 0.069 0.030

31 4.666 0.027 0.152 0.848 0.111 0.038 0.124 0.820 0.084 0.011

32 4.094 0.059 0.090 0.117 0.200 0.073 0.031 0.058 0.141 0.014

33 2.023 0.035 0.225 0.067 0.122 0.018 0.190 0.033 0.088 -0.017

34 0.965 0.169 0.465 0.049 0.045 0.272 0.296 -0.120 -0.124 0.103

35 3.105 0.025 0.357 0.074 0.070 0.022 0.332 0.050 0.045 -0.003

36 1.266 0.003 0.000 0.202 0.260 0.003 -0.004 0.198 0.257 0.000

37 1.875 0.029 0.291 0.175 0.310 0.265 0.263 0.146 0.281 0.236

38 6.189 0.119 0.436 1.198 1.026 0.715 0.317 1.079 0.907 0.596
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39 1.979 -0.004 0.145 0.496 0.710 0.076 0.148 0.500 0.713 0.080

40 2.416 0.007 0.283 0.441 0.498 0.151 0.276 0.434 0.491 0.144

41 3.940 0.136 0.848 0.380 0.217 1.031 0.712 0.244 0.081 0.895

42 2.277 0.400 1.028 0.370 0.709 1.315 0.628 -0.030 0.309 0.915

43 3.429 0.057 0.038 0.108 0.064 0.105 -0.019 0.051 0.007 0.048

44 0.818 -0.011 0.106 -0.004 -0.005 -0.001 0.117 0.008 0.006 0.010

45 2.343 0.056 0.649 0.063 0.148 0.443 0.593 0.008 0.092 0.387

46 5.231 0.137 0.269 0.475 0.754 0.363 0.132 0.338 0.617 0.226

47 1.681 -0.013 0.258 0.176 0.408 0.003 0.272 0.190 0.422 0.016

48 0.630 0.019 0.097 0.051 0.073 0.075 0.078 0.032 0.054 0.056

49 1.133 -0.011 0.022 0.039 0.054 0.033 0.033 0.050 0.065 0.044

50 1.113 0.012 0.195 0.087 0.022 0.005 0.184 0.076 0.011 -0.006

51 1.364 0.043 0.207 0.114 0.292 0.300 0.164 0.071 0.250 0.258

52 0.943 -0.020 0.030 0.062 0.075 -0.009 0.049 0.081 0.094 0.010

53 2.576 0.022 0.120 0.057 0.104 0.061 0.098 0.035 0.082 0.040

54 1.478 -0.005 0.019 0.096 0.202 0.072 0.023 0.101 0.207 0.076

55 0.265 -0.010 -0.008 0.001 0.001 -0.009 0.002 0.011 0.011 0.001

56 0.349 -0.008 0.061 0.001 0.040 -0.007 0.069 0.009 0.048 0.001

57 0.314 0.018 0.062 0.033 0.073 0.077 0.044 0.015 0.055 0.059

58 1.148 -0.017 -0.011 0.108 0.155 0.021 0.006 0.125 0.172 0.039

59 3.179 -0.018 0.166 1.191 1.388 0.743 0.184 1.209 1.407 0.762

60 1.311 -0.001 0.015 0.131 0.148 0.049 0.016 0.132 0.149 0.050

61 0.468 -0.009 -0.011 0.013 0.008 -0.003 -0.002 0.022 0.017 0.006

62 0.307 -0.010 -0.015 0.008 -0.003 -0.007 -0.006 0.018 0.007 0.003

63 1.428 0.008 0.070 0.310 0.216 0.017 0.062 0.303 0.208 0.009

64 1.333 0.016 0.038 0.054 0.091 0.053 0.022 0.038 0.075 0.037

NHS 1 -0.001 0.008 0.000 -0.011 0.011 0.012

NHS 2 -0.005 0.007 -0.002 -0.011 0.016 0.000

NHS 3 -0.006 0.008 -0.003 -0.016 0.006 0.007

NHS 4 0.017 0.008 0.003 0.001 0.022 0.030

NHS 5 -0.010 0.003 -0.004 -0.015 0.005 -0.003

NHS 6 -0.010 0.014 -0.002 -0.017 0.001 0.004

NHS 7 -0.008 0.002 -0.002 -0.020 -0.005 -0.001

117

bold: significantly positive values118

italics: ODs significantly lower than Api g 1-specific ODs119
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FIGURE LEGENDS120

121

Figure E1. A. CD-spectra of rBet v1.0101, rApi g 1.0101 and the four chimeric proteins.122

Spectra are presented as mean residue molar ellipticity. B. Comparison of the CD-spectra of123

Api-Bet-2 and 3 purified at native and denaturing conditions.124

125

Figure E2. Binding of the Bet v 1-specific monoclonal antibodies BIP 1 and BIP 4 to rBet v126

1.0101, rApi g 1.0101 and the chimeras. Antibody binding was measured by ELISA and127

detected by an alkaline phosphatase-labeled anti-mouse antibody.128

129

Figure E3. IgE binding of 64 sera to rBet v 1.0101, rApi g 1.0101 and the chimeras obtained130

by ELISA. Horizontal bars, boxes and whiskers indicate medians, quartiles and total ranges,131

respectively. The distributions of OD-values were compared using the Friedman test (*** P <132

0.001, ** P<0.01).133

134

Figure E4. Correlation of the amount of Bet v 1-specific IgE with the number of chimeras135

recognized. OD values obtained by IgE-ELISA were normalized to serum dilutions of 1:10136

and alkaline phosphatase substrate incubation times of 1 hour. Bars and whiskers represent137

medians and quartiles.138

139

Figure E5. IgE cross-inhibition between the chimeric allergens. A. Direct ELISA; B.140

Inhibition ELISA. Inhibiting chimeras were coated to the solid phase at 1 µg/ml and141

incubated with patients’ sera. The supernatants were transferred to a second plate with all four142

chimeras immobilized, and bound IgE was detected by an alkaline phosphatase-labeled anti-143

human IgE antibody. n.d.: not done144

145
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