
Original Paper

Int Arch Allergy Immunol 2003;131:245–255
DOI: 10.1159/000072136

Cloning and Molecular and Immunological
Characterisation of Two New Food Allergens,
Cap a 2 and Lyc e 1, Profilins from Bell
Pepper (Capsicum annuum) and Tomato
(Lycopersicon esculentum)

M. Willerroidera H. Fuchsc B.K. Ballmer-Weberd M. Fockec M. Susanie

J. Thalhamera F. Ferreirab B. Wüthrichd O. Scheinerc H. Breitenederc

K. Hoffmann-Sommergruberc

aDepartment of Chemistry and Biochemistry, and bInstitute of Genetics and General Biology, University of
Salzburg, Salzburg, cDepartment of Pathophysiology, University of Vienna, Vienna, Austria; dAllergy Unit,
Department of Dermatology, University Hospital of Zurich, Zurich, Switzerland; eBiomay, Vienna, Austria

Received: October 23, 2002
Accepted after revision: May 21, 2003

Correspondence to: Dr. Karin Hoffmann-Sommergruber, Assoc. Prof.
Department of Pathophysiology, AKH-EBO 3Q
Währinger Gürtel 18–20, AT–1090 Vienna (Austria)
Tel. +43 1 40400 5132, Fax +43 1 40400 5130
E-Mail Karin.Hoffmann@akh-wien.ac.at

ABC
Fax + 41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

© 2003 S. Karger AG, Basel
1018–2438/03/1314–0245$19.50/0

Accessible online at:
www.karger.com/iaa

M.W. and H.F. contributed equally. The complete cDNA sequences
coding for the bell pepper and tomato profilin are available from
the EMBL/GenBank/DDBJ database under the accession numbers
AJ417552 for bell pepper profilin and AJ417553 for tomato profilin.

Key Words
Tomato profilin W Bell pepper profilin W Allergen W cDNA
cloning W Purification W Non-fusion protein W IgE binding

Abstract
Background: Profilins are recognised by IgE of about
20% of patients allergic to birch pollen and plant foods.
They are ubiquitous intracellular proteins highly cross-
reactive among plant species. Therefore, they were
called panallergens and are made responsible for cross-
sensitisation between plant pollen and food. Objectives:

The aim of the present study was to clone the cDNAs
encoding profilins from bell pepper and tomato, to pro-
duce and purify the recombinant proteins and to com-
pare their IgE-binding capacities to those of the natural
proteins. Methods: cDNA clones coding for profilin were
obtained by RT-PCR from total RNA of tomato and bell

pepper fruits, sequenced and expressed as non-fusion
proteins in Escherichia coli. The recombinant profilins
were subsequently purified and tested for IgE-binding
and inhibition capacity with sera from 34 food-allergic
patients. Possible oligomerisation of recombinant profil-
ins was investigated by HPLC analysis and its influence
on IgE binding assayed by ELISA. Results: The open
reading frame from both profilins encompasses 393 bp
with a predicted molecular mass of 14,184 kD and a pI of
4.44 for bell pepper profilin (Cap a 2) and 14,257 kD and a
pI of 4.46 for the profilin from tomato (Lyc e 1). The two
protein sequences display 91% identity, whereas tomato
profilin from pollen shares only 75% identity with tomato
fruit profilin. Eleven out of 34 food-allergic patients (32%)
display IgE binding to both purified profilins. Preincuba-
tion of a serum pool with either purified rCap a 2 or rLyc
e 1 nearly abolished IgE binding to natural Cap a 2 and
Lyc e 1, respectively. In addition, purified recombinant
Cap a 2 was able to inhibit IgE-binding to rLyc e 1 by
approximately 50%, whereas rLyc e 1 completely
blocked IgE-binding to rCap a 2 in cross-inhibition as-
says. HPLC analysis showed that in solution Cap a 2 and
Lyc e 1 can be found predominantly as dimers, which can
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be partially reduced to monomers by addition of dithio-
threitol (DTT). In ELISA DTT-treated Lyc e 1 displayed a
clearly lower IgE-binding capacity than untreated profil-
in. Conclusions: Purified rCap a 2 and rLyc e 1 proved to
be valuable tools for studying cross-reactivity to profilins
in patients allergic to pollen and food.

Copyright © 2003 S. Karger AG, Basel

Introduction

Type 1 allergic reactions to food in atopic humans
range from mild symptoms such as oral allergy syndrome
to life-threatening anaphylactic reactions [1]. Especially,
pollen-allergic patients frequently display allergic symp-
toms against plant-derived food, like fruits, vegetables
and spices. Profilins are a family of ubiquitous cytosolic
proteins that control actin polymerisation and interact
with poly-L-proline, proline-rich proteins and membrane
polyphosphoinositides, with an important role in cell sig-
nalling and morphological processes [2, 3].

Profilins are recognised by IgE of about 20% of birch
pollen- and plant food-allergic patients. Due to their high
conservation among plant species, profilins are well
known to be cross-reactive allergens not only in different
pollen but also in vegetable food extracts [4] and were
therefore termed panallergens [5]. They are responsible
for cross-reactivities found between fruit, pollen and latex
[6], in the birch-mugwort-celery syndrome [7–9] or
among spices [10]. Profilins were postulated to be partly
responsible for IgE cross-reactivities between tomato fruit
or bell pepper and pollen allergens [10, 11].

van Toorenenbergen et al. [12] compared IgE-binding
patterns in patients with occupational allergy against pol-
len and fruit from bell pepper and tomato to IgE-binding
patterns in food-allergic patients. They found profilin-
specific IgE only in food-allergic patients but not in pol-
len-allergic patients. Recently, Groenewoud et al. [13]
reported occupational allergy to bell pepper pollen in
35.4% of 472 greenhouse workers in the Netherlands.
These greenhouse workers suffered predominantly from
work-related symptoms of the upper and lower airways.
But none of these studies reported related food allergies
upon consumption of bell pepper or tomatoes. At present,
there is no evidence that sensitisation to occupational
allergens from bell pepper or tomato (via the nasal route)
leads to consecutive food allergy.

IgE immunoblot inhibition studies have already iden-
tified structures homologous to profilin in potato, tomato
and bell pepper. In bell pepper, profilin was detected as an

IgE-binding protein in several horticultural strains; how-
ever, no IgE binding to profilin could be found in paprika
powder [14]. Recently, some allergens of tomato fruits
were identified [15–17]. A certain isoform of tomato pro-
filin was found to be pollen specific, whereas other iso-
forms of profilin were expressed constitutively in all tis-
sues of the plant [18]. Tomato profilin was also identified
as a relevant allergen in a group of patients allergic to
birch pollen with adverse reactions to tomatoes [17].
However, a detailed molecular characterisation of tomato
fruit or bell pepper profilin has not been performed so
far.

Here we report the cloning, expression and molecular
characterisation of recombinant profilin from tomato
(Lycopersicon esculentum) and bell pepper (Capsicum
annuum) and their IgE-binding capacity.

Materials and Methods

RNA Isolation, cDNA Synthesis and RT-PCR Amplification
Total RNA was extracted from 100 g bell pepper and tomato

fruits by the acidic guanidinium method with mercapto-ethanol fol-
lowed by cesium chloride gradient centrifugation and isopropanol
precipitation [19]. Briefly, the plant material was frozen in liquid
nitrogen and ground to powder in an electric blender. Subsequently,
the powder was suspended in 15 ml of 7.5 M guanidine hydrochlo-
ride/25 mM sodium citrate /0.5% sodium-N-lauryl-sarcosinate/
0.1 M ß-mercapto-ethanol. The suspension was centrifuged at room
temperature for 15 min at 6,000 g. The supernatant was filtered
through sterile Nylon filters and transferred to fresh tubes and over-
laid with 5.7 M cesium chloride solution and centrifuged at 18,000 g,
20°C for 24 h. Then the RNA pellet was dissolved in di-ethylpyro-
carbonate-treated water, further purified by precipitation after addi-
tion of 3 M sodium acetate (10% v/v) and isopropanol (100% v/v).
After centrifugation, the pellet was again dissolved in RNAse-free
water. For reverse transcription 1.2 Ìg of total RNA, an oligo-dT
primer (T25NN; MWG Biotech AG, Ebersberg, Germany), 50 units
of M-MuL V reverse transcriptase, 5 mM magnesium chloride, and a
mix of nucleotides, and RNA inhibitor (all MBI Fermentas, Vilnius,
Lithuania) were used. The reaction was performed at 42 °C for
60 min followed by a heat denaturation step at 95°C for 5 min using
a Perkin-Elmer thermocycler. Gene-specific primers were synthe-
sised according to the already known N-terminal sequence from
tomato pollen profilin (accession No. Q41344). Subsequently, PCR
was performed using a 5)-primer matching the N-terminal sequence
of tomato pollen profilin [18] (5)-ATG TCG TGG CAA ACA TAT
GTC GAT G-3); MWG Biotech AG) and an oligo-dT primer
(T25NN). Six microlitres of cDNA product were used for the reac-
tion. After a hot start (5 min at 95°C) Taq DNA Polymerase (MBI
Fermentas) was added and 35 cycles (denaturation step: 93°C
for 45 s; annealing step: 59 °C for 30 s, an elongation step at 72°C for
1 min and for 7 min after the last cycle) were performed.

Cloning and Sequence Analysis
PCR products were separated by electrophoresis on 1.2% agarose

gel. DNA fragments of F600 bp in length were isolated (QIAEX,
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Qiagen, Santa Clara, Calif., USA), ligated into the pGEM vector
(Promega Madison, Wisc., USA) and propagated in Escherichia coli
XL-1 Blue cells. Inserts were sequenced using the Thermo Sequenase
fluorescent-labelled primer cycle sequencing kit (Amersham, Bio-
sciences, Little Chalfont, UK) and analysed on an automatic se-
quencer (Licor Sequencer 4000L, Li-COR, Biosciences GmbH, Bad
Homburg, Germany).

The complete sequences coding for the bell pepper (C. annuum)
and tomato (L. esculentum) profilin were obtained. The sequences
were analysed and compared to already known profilin sequences
from the EMBL/Genbank and Swiss Prot databases using Fasta and
PileUp programs from the GCG sequence analysis package (Genet-
ics Computer Groups, Madison, Wisc., USA) and were designated
Cap a 2 from bell pepper and Lyc e 1 from tomato according to the
guidelines of the Allergen Nomenclature Committee.

Cloning of Cap a 2 and Lyc e 1 as a Non-Fusion Protein in
pMW175
Afl III and Eco RI restriction sites were introduced to the com-

plete coding sequences of Cap a 2 and Lyc e 1 via PCR (Cap a 2 and
Lyc e 1 forward primer: 5)-CAC CAC ATG TCG TGG CAA ACA
TAT GT-3), Afl III site underlined, Cap a 2 reverse primer: 5)-CCC
GAA TTC TTA GAG ACT CTG TTC AAT GA-3) (Eco RI site
underlined; Lyc e 1reverse primer: 5)-CCC GAA TTC CTA GAG
ACT CTG TTC TAT AA-3) (Eco RI site underlined; both primers:
MWG Biotech AG), respectively. PCR-amplification was conducted
with a Pfu-Polymerase (MBI Fermentas) according to standard pro-
tocols. PCR products were ligated via Nco I and Eco RI restriction
sites into the high level expression plasmid pMW175 [20].

Expression and Purification of Cap a 2 and Lyc e 1
For heterologous expression of the bell pepper and tomato profil-

in, respectively, competent E. coli BL21[DE3] cells were transformed
with either Cap a 2-pMW175 or Lyc e 1-pMW175. Single transfor-
mant colonies were used to inoculate 300 ml Luria-Bertani medium
containing 0.1 mg/ml ampicillin and 2 mmol/l MgCl2. After over
night incubation in flasks, cells were diluted in 9 litres of medium of
the same composition and transferred to a 10-litre fermenter (New
Brunswick, Bioflow 3000, Edison) and grown under constant shaking
(100 rpm), aeration (2.5 litres/h) was checked by an oxygen electrode
and held at 18% saturation. Protein expression was induced by addi-
tion of 0.4 mmol/l isopropyl-ß-D-thiogalactopyranoside (IPTG) at an
A600 of 1.0. After 4 h of incubation, cells were harvested by centrifu-
gation. Pellets were dissolved in 50 mmol/l Tris-Cl, 0.1% Triton
X-100, 1 mmol/l ß-mercapto-ethanol, and lysozyme was added at
0.1 mg/g cell pellet. The cells were disrupted by three cycles of freez-
ing-thawing and homogenised using an Ultraturrax, while NaCl was
added to the lysate to a final concentration of 200 mmol/l during the
last homogenising step. The profilin in the supernatant was enriched
by fractionated ammonium sulphate precipitation to a final concen-
tration of 45%. The pellet was dissolved in 20 mmol/l imidazole buff-
er at, pH 7.4, 2 mmol/l ß-mercapto-ethanol and NaCl 200 mmol/l
(buffer A). This solution was subjected to poly-(L-proline)-CNBr-
activated Sepharose (PLP-Sepharose; Amersham Biosciences) col-
umn [21]. A linear gradient of increasing buffer B (20 mmol/l imida-
zole, pH 7.4, 6 mol/l urea) over buffer A was established to elute the
recombinant profilins. The fractions containing profilin were pooled
and subjected to a DEAE-Sepharose column. The column was equili-
brated with 20 mmol/l imidazole, pH 7.4, 2 mmol/l ß-mercapto-etha-
nol, 0.1 mmol/l ethylenediamine tetra-acetic acid. Recombinant pro-

filin was eluted by an NaCl gradient. The fractions containing Cap
a 2 or Lyc e 1 were pooled and dialysed against 5 mmol/l ammonium
hydrogen carbonate buffer, respectively. Subsequently, purified rCap
a 2 and rLyc e 1 were analysed for their N-terminal sequences. There-
fore, 10 Ìg of each protein was absorbed onto a ProSorb sample prep-
aration cartridges (Applied Biosystems, Foster City, Calif., USA),
administered onto an automated Edman-protein sequencer (Procise
491 sequencer, Applied Biosystems), and the first ten amino acid res-
idues determined. In order to determine bacterium-derived endotox-
in levels, purified rCap a 2 and rLyc e 1 were subjected to a limulus
amoebocyte lysate assay according to the manufacturer’s instructions
(Bio Whittaker, Verviers, Belgium).

Size Exclusion HPLC
Possible oligomerisation of bell pepper and tomato profilin was

investigated by size exclusion chromatography using an HP 1100
HPLC system (Agilent Technologies, Palo Alto, Calif., USA). A
G-SW 2000 column (Tosohaas, pore diameter 10 Ìm) was equili-
brated with phosphate-buffered saline. In separate runs, the retention
times of BSA (molecular mass 67,000 kD), ovalbumin (molecular
mass 43,000 kD), chymotrypsinogen (molecular mass 25,000 kD),
and ribonuclease A (molecular mass 13,700 kD) were used as molec-
ular mass standards. UV absorbance was monitored at 280 and
214 nm. Afterwards, 20 Ìg of either recombinant purified bell pepper
or tomato profilin were loaded onto the column at a flow rate of
0.2 ml/min. In another set of experiments, samples of both recombi-
nant profilins were pretreated with 10 mmol/l dithiothreitol (DTT)
for 2 h, 37°C with PBS as buffer before loading into the G-SW 2000
column.

Patients and Patients’ Sera
Thirty-four food-allergic patients were selected on the basis of a

history of an allergic reaction to bell pepper. Total serum IgE was
measured by either RAST or a Pharmacia UniCap device (Pharma-
cia, Uppsala, Sweden). In most of the cases, specific IgE for birch and
grass pollen was measured. Skin prick tests with birch pollen extract
and grass pollen extract were performed as well (Soluprick ALK,
Horsholm, Denmark). For inhibition studies, sera No. 1, 2, 4, 5, and
6 were pooled. The serum of a non-allergic person (NHS = normal
human serum) served as a negative control. Sera were stored at
–20°C.

IgE Immunoblots and Inhibition Assays
Aqueous protein extracts were prepared from ripe bell pepper

(Red Marras) and tomato fruits (Tocredo) according to standard pro-
tocols [22]. Proteins were separated on either 12% SDS-PAGE or
gradient gels (7.5–20%) under reducing conditions [23]. Proteins
were visualised by staining with Coomassie Brilliant Blue R-250. For
immunoblot analysis, protein extracts (50 Ìg total protein per 0.5 cm
lane of 1 mm gels) and purified rCap a 2 and rLyc e 1 (1.5 Ìg per
0.5 cm gel), respectively, were separated by SDS-PAGE and subse-
quently transferred to nitrocellulose membranes [24]. The IgE-bind-
ing ability of natural protein extracts and recombinant proteins was
detected applying sera from food-allergic patients (1 :4 diluted in
50 mmol/l sodium phosphate buffer/0.5% Tween 20/1% BSA pH
7.5) according to established protocols [22]. Bound IgE was detected
by 125I-labelled anti-human IgE antibodies (1:20 dilution; MALT
Allergy System Isotope Reagent, IBL, Hamburg, Germany) and
visualised by autoradiography. For inhibition studies, the serum pool
was preincubated with either purified rCap a 2 (50 Ìg/ml) or purified
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rLyc e 1 (50 Ìg/ml) overnight at 4 °C. Afterwards, the remaining IgE
binding to natural profilin from bell pepper extract or tomato extract
was tested in IgE immunoblot as described above.

Additionally, the serum pool was preincubated with either puri-
fied rCap a 2 or rLyc e 1 (50 Ìg/ml serum) overnight at 4°C. Subse-
quently, IgE binding to rLyc e 1 was tested and vice versa. In parallel,
a positive control (without preincubation) was performed.

ELISA Experiments
In order to compare IgE binding to reduced and non-reduced pro-

filin, rCap a 2 and rLyc e 1 10 Ìg/ml were dissolved in Tris-buffered
saline (TBS) with 10 mM DTT. The sample was heated to 37°C for
2 h. For control, protein was dissolved in TBS without DTT. Subse-
quently, the proteins were diluted (1:2, 1:4, 1:8, and 1:16) in TBS-
DTT, the control proteins in TBS, and used for coating a microtiter
plate (Nunc Maxisorp, Nalge Nunc International, Roskilde, Den-
mark) overnight at 4°C. After blocking of unspecific binding sites
with TBS/0.05% (v/v) Tween 20/2% milk powder, serum No. 5 was
applied onto the coated wells and incubated overnight at 4°C. After
washing, the plate was incubated with alkaline-phosphatase-conju-
gated mouse anti-human IgE (BD-Biosciences Pharmingen, San Die-
go, Calif., USA) for 2 h at room temperature. The amount of bound
enzyme was determined by colour development using 0.1% p-nitro-
phenyl-phosphate substrate and measured at 405 nm in an ELISA
reader (Spectra Max Plus 384; Molecular Devices GmbH, Munich,
Germany). NHS and TBS were used as negative controls.

Results

Patients
Thirty-four patients (12 male/22 female) aged 17–58

years (mean 35 years B 11) with allergy to bell pepper
according to their case history were included in this study.
Out of those, 23 reported food-allergic symptoms when
eating tomatoes. Total serum IgE ranged from 10 to
980 kU/l; median: 278.5 kU/l. Positive CAP/RAST
against birch pollen and grass pollen were obtained from
16 and 14 patients, respectively (table 1). In skin prick
tests, 20 patients scored positive for birch pollen and 19
for grass pollen. The reported clinical symptoms ranged
from allergic rhinoconjunctivitis in 17 cases (50%), oral
allergy syndrome in 13 cases (38%), urticaria in 11 cases
(32%), allergic asthma in 8 cases (24%), diarrhea in 2
cases (6%), angio-oedema in 1 case (3%), cephalea in 2
patients (6%), and exacerbation of atopic eczema derma-
titis in 1 case (3%).

Additional allergic symptoms were caused by apple/
strawberry/stone fruits in 16 patients (47%), fig/avocado/
banana/in 7 patients (21%), cucumber/melon/zucchini in
6 patients (18%), nuts in 6 patients (18%), carrot/celery in
5 patients (15%), kiwi in 5 patients (15%), spices in 4
patients (12%), cheese/egg in 3 patients (9%) and potato
in 3 patients (9%). In addition, soy, orange, and pepper-

mint also evoked allergic reactions in individual patients.
Patients with allergy to fig, avocado, and banana also dis-
played allergic symptoms against latex and ficus (patients
No. 4, 32–34; table 1).

Amplification and Sequence Analysis of Bell Pepper
and Tomato Profilin Sequences
PCR amplification of cDNAs complementary to Cap

a 2 and Lyc e 1 transcripts revealed products of approxi-
mately 600 bp in length. Several PCR-products were
cloned and sequenced, consisting of an open reading
frame of 393 bp for each profilin.

The 3)-non-coding region (3)-UTR) is composed of
218 bp for bell pepper profilin and 185 bp for tomato pro-
filin. The deduced amino acid sequences encompass 131
amino acid residues with calculated molecular masses of
14,184 kD and a pI of 4.44 for bell pepper profilin and
14,257 kD and a pI of 4.46 for the corresponding tomato
protein according to the GCG sequence analysis package
(fig. 1). Sequence comparisons on the amino acid level
revealed high similarities between both profilins from bell
pepper and tomato fruits (91% identity), whereas tomato
profilin from pollen [18] shares only 75% identity with
tomato fruit profilin, which encompasses 133 amino acid
residues (fig. 1). A search of Swiss-Prot databases exhib-
ited significant identities to other plant profilins (table 2).
The complete cDNA sequence coding for the bell pepper
and tomato profilin is available from the EMBL/Gen-
Bank/DDBJ databases under accession No. AJ417552 for
bell pepper profilin and AJ417553 for tomato profilin,
respectively.

Expression and Purification of Recombinant Bell
Pepper and Tomato Profilin
Cap a 2 and Lyc e 1 were expressed as recombinant

proteins in E. coli yielding 9.7 mg purified Cap a 2 and
8.2 mg Lyc e 1 per litre culture medium, respectively.
Purification of the recombinant profilins by PLP-Sepha-
rose affinity chromatography followed by anion exchange
chromatography resulted in highly pure protein fractions.
The purified fractions were analysed on gradient SDS-
PAGE and showed single bands of each recombinant pro-
tein with an apparent molecular mass of 14 kD which cor-
responds to the calculated mass of both profilins (fig. 2).
Purified proteins were further analysed for their correct
N-terminus by Edman degradation, showing that the ini-
tiating methionine was cleaved off according to the side
chain length of the penultimate amino acid [25]. The fol-
lowing ten amino acid residues revealed the same peptide
sequence SWQTYVDDHL for Cap a 2 and SWQTYV-
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Fig. 1. Amino acid sequence from bell pep-
per profilin (Cap a 2), tomato fruit profilin
(Lyc e 1) and tomato pollen profilin (Pro
1_lyces). Identical sequences are underlaid
in grey, the N-terminal sequence verified by
Edman is underlined.

1                                                   50
Cap a 2 MSWQTYVDDH LMCEIE..GN RLTSAAIIGQ DGSVWAQSAT FPQFKPEEIT
Lyc e 1 MSWQTYVDEH LLCENE..GN HLTSAAIIGQ DGTVWAQSAN FPQFKPEEIT
Pro1_lyces MSWQTYVDDH LMCDIEGTGH HLSSAAILGF DGSVWAQSPN FPKFKAEEIT

 
51                                                 100

Cap a 2 AIMNDFAEPG TLAPTGLYLG GTKYMVIQGE AGAVIRGKKG PGGITVKKTN
Lyc e 1 GIMNDFAVPG TLAPTGLYLG GTKYMVIQGE PEAVIRGKKG PGGITIKKTN
Pro1_lyces NIMKDFDEPG HLAPTGLFLA GTKYMVIQGE PGAVIRGKKG PGGITIKKTA

 
101                              133 

Cap a 2 QALIIGIYDE PMTPGQCNMI VERLGDYLIE QSL
Lyc e 1 QALIIGIYDE PMTPGQCNMI VERLGDYLIE QSL
Pro1_lyces QALIFGVYEE PVTPGQCNMV VEKIGDYLVD QGY

Table 1. Clinical data of bell-pepper-allergic patients

No. Age Sex Total
IgE
kU/l

sIgE1

birch
pollen

sIgE1

grass
pollen

SPT
birch
pollen

SPT
grass
pollen

Symptoms2 Anamnesis

bell
pepper

tomato other foods

1 23 M / / / + + OAS, U + + carrot, nuts, apple, celery, potato
2 17 M / / / + + RC + + cucumber,apple, nuts, carrot, zucchini
3 50 F / – – – – U, D + – /
4 31 F / / / + + OAS, U + + stone fruits, apple, latex
5 22 M 480 3.5 (R) 3.2 (R) + + RC + + apple, cucumber, melon, banana
6 43 M 160 2.4 (R) 3.5 (R) + + RC + + cucumber
7 39 F / 2 (C) 2 (C) / / RC, OAS, AB + + /
8 34 F 980 4.1 (R) 4.6 (R) + + RC + not eaten cucumber, watermelon
9 49 F / / / + + / + + strawberry, peach

10 23 F 340 – 4.8 (R) – + RC + + cucumber, kiwi, avocado
11 38 F 122 4 (C) 3 (C) + + OAS, RC + + stone fruits, maize, zucchini, apple,

banana, plum
12 18 F 680 4.5 (R) – + + AB + + carrot
13 55 F 50 2.8 (R) / + / AB, U + – cherry, peach
14 29 M 90 – 3.1 (R) – + RC, OAS, AB + + spices
15 28 M 190 3.7 (R) – + – RC + – apple
16 35 M 140 – – – – OAS + – /
17 22 F 210 4.8 (R) – + – OAS + + apple, peach, kiwi
18 36 F 40 2.5 (R) 2.6 (R) + + RC, U + + carrot, hazelnut, kiwi, stone fruits
19 28 F 10 – – – – C + – nuts, strawberry, kiwi
20 34 F 130 / / + + D + – egg
21 17 M 170 3.4 (R) 2.2 (R) + + U, AB + – nuts, apple, kiwi, cherry
22 26 F / – 3 (C) – + U + + celery, potato
23 35 M 80 3.8 (R) – + – RC, OAS, AB + + apple, nuts, cherry, strawberry
24 53 F 10 / / – – RC, C + – cheese, eggs
25 40 F 140 3.7 (R) 2.1 (R) + + AB, OAS + – stone fruits, spices, peppermint
26 27 F / / / / / AD, OAS + + /
27 37 M / – – – – OAS + – /
28 58 M / – – – – A, U + + cheese, stone fruits, spices
29 43 F / 3.1 (R) – + – OAS, RC + + apple, soy, orange, potato
30 51 F / – 2.4 (R) – + / + + /
31 34 M / 2.6 (R) – + – OAS, RC + + spices
32 29 F 115 – 3 (C) – + RC, U, AB + + avocado, banana, ficus, latex
33 38 F 118 3 (C) 3 (C) + + RC, U + + avocado, banana, ficus, latex, fig
34 41 F 273 – – – – RC, U + + avocado, ficus, latex

1 C = CAP; R = RAST; – = negative; / = not done.
2 OAS = Oral allergy syndrome; RC = rhinoconjunctivitis; C = cephalea; AB = asthma bronchiale; U = urticaria; AD = atopic dermatitis; A = angio-oedema;
D = diarrhoea.
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Fig. 2. Gradient SDS-PAGE (7.5–20%) of recombinant Cap a 2 and
Lyc e 1 in E. coli. a Bacterial protein lysate from BL21[DE3] (lane 1),
Lysate from E. coli (BL21) expressing rCap a 2 (lane 2) and purified
rCap a 2 (lane 3) were electrophoresed and subsequently stained with
Coomassie. b Lane 1: E. coli (BL21) lysate; lane 2: Lysate from E. coli
(BL21) expressing rLyc e 1; lane 3: purified rLyc e 1; molecular mass
standards are marked.

Table 2. Amino acid sequence comparisons of selected plant profilins to rCap a 2 and rLyc e 1

Plants (sources) Allergen
name

Accession
No.

Identity, %

to Cap a 2 to Lyc e 1

Hevea brasiliensis (para rubber tree; pollen) Hev b 8 O65812 88.5 84.7
Glycine max (soybean) Gly m 3 O65809 86.9 83.8
Prunus avium (sweet cherry) Pru av 4 Q9XF39 87.0 79.4
Phleum pratense (common timothy; pollen) Phl p 11 O24650 79.4 80.9
Arabidopsis thaliana (mouse-ear cress; ubiquitous) Ara t 8 Q42449 77.1 78.6
Olea europaea (common olive; pollen) Ole e 2 O24169 79.9 73.9
Hordeum vulgare (barley; leaf) – P52184 77.1 77.9
Lycopersicon esculentum (tomato; pollen) – Q41344 76.5 75.0
Betula verrucosa (white birch; pollen) Bet v 2 P25816 76.7 73.7
Nicotiana tabacum (common tabacco; pollen) – P41372 75.9 72.2

DEHL for Lyc e 1, respectively (fig. 1). Analysis for endo-
toxin levels yielded 4 pg lipopolysaccharide (LPS)/10 Ìg
protein for purified rCap a 2 (= 0.05 endotoxin units; EU)
and approximately 500 pg LPS/10 Ìg protein for purified
rLyc e 1 (= 6 EU).

Immunoblot Analysis of Bell Pepper and Tomato
Extracts
By immunoblot analysis, 34 sera from persons allergic

to bell pepper were tested on natural red bell pepper
extract. All 34 sera displayed IgE binding to a number of
bell pepper proteins in a molecular mass range from 14 to
90 kD. Eleven sera (32%; sera No. 1–11; table 1) dis-
played IgE-binding to the 14-kD protein (= natural profil-
in; fig. 3a, upper panel). The same 11 selected sera were
further used to perform an IgE-immunoblot on tomato

extract (fig. 3b, upper panel). All of them (11/11) exhib-
ited IgE reactivity to a 14-kD protein from tomato extract
as well. As these patients have reported allergic reactions
upon eating tomatoes, with the exception of patient 8,
who claimed not to consume any tomatoes.

Immunoblots of Recombinant Profilin, Inhibition
Assays and Cross-Reactivity
The purified recombinant profilins from bell pepper

and tomato were tested for their IgE-binding capacity in
immunoblot assays (fig. 3a, b, lower panels). Both 14-kD
proteins were recognised by the same set of 11 profilin-
sensitised sera. Preincubation of the serum pool with
purified rCap a 2 (50 Ìg/ml) nearly abolished all the IgE
binding to natural bell pepper profilin (fig. 4). In addition,
the same blocking of IgE binding of the serum pool to nat-
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Fig. 3. a Immunoblot analysis of bell pepper extract (upper panel)
and purified rCap a 2 (lower panel). Extract separated by 12% SDS-
PAGE: 11 sera from bell-pepper-allergic patients were tested for IgE
binding to bell pepper protein extract and rCap a 2. Bound IgE was

detected by 125I-labelled anti-IgE. NHS (N) and buffer (B) were used
as controls. b Immunoblot analysis of tomato extract (upper panel)
and purified rLyc e 1 (lower panel). The same set of sera was tested
for IgE binding to tomato proteins and rLyc e 1.

Fig. 4. Inhibition assay: A serum pool of
bell-pepper-allergic patients (n = 4) was
tested for IgE binding to bell pepper proteins
with or without (+/–) pre-incubation of puri-
fied rCap a 2 (50 Ìg/ml; panel A). In paral-
lel, the same serum pool was tested for IgE
binding to tomato proteins (panel B) after
pre-incubation (+/–) of purified rLyc e 1
(50 Ìg/ml). The remaining IgE binding was
visualised by autoradiography using 125I-
labelled anti-human IgE.
Fig. 5. Cross-inhibition: a serum pool of pro-
filin-sensitised patients (n = 4) was tested for
remaining IgE binding to rCap a 2 after pre-
incubation with rLyc e 1 lane 2. Reversely,
the same serum pool was tested for IgE bind-
ing to rLyc e 1 after incubation with rCap a 2
(lane 3). Positive controls (without inhibitor
protein) were run in parallel (lane 2: rCap a
2; lane 4: rLyc e 1).
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ural tomato profilin was detected in an immunoblot after
preincubation with purified rLyc e 1 (50 Ìg/ml; fig. 4). In
addition, cross-reactivity of rCap a 2 and rLyc e 1 was
investigated by mutual inhibition experiments with the
same serum pool. Purified rCap a 2 was able to inhibit IgE
binding to rLyc e 1 by approximately 50%, but reversely

rLyc e 1 completely blocked IgE binding to rCap a 2
(fig. 5). The sequences coding for profilin from tomato
and bell pepper were submitted to the Allergen Nomen-
clature Committee and received the allergen names Cap
a 2 for bell pepper profilin and Lyc e 1 for tomato profilin.
According to results obtained from the immunoblot anal-

4 5



252 Int Arch Allergy Immunol 2003;131:245–255 Willerroider et al.

yses, these two food allergens are ranked as minor aller-
gens.

ELISA Experiments
IgE binding of serum 5 to reduced (DTT-treated) rCap

a 2 was compared to IgE binding to non-reduced rCap a 2
in ELISA. No significant difference in IgE binding to both
forms of rCap a 2 could be observed within the used range
of dilutions (fig. 6). In contrast, DTT-treated rLyc e 1 dis-
played a clearly lower IgE-binding capacity than non-
reduced recombinant tomato profilin when using the
same serum.

HPLC Analysis
Sixe exclusion chromatography showed that rCap a 2 is

found predominantly in a dimeric form in solution which
can be partially dissociated to a monomer by addition of
DTT (fig. 7a). The chromatogram of purified rLyc e 1

Fig. 6. IgE-ELISA of purified rCap a 2 (a) and purified rLyc e 1 (b).
Serum 5 was tested for IgE binding to non-reduced and reduced puri-
fied recombinant bell pepper profilin and tomato profilin.
Fig. 7. a HPLC analysis of purified rCap a 2 and rLyc e 1. Both
recombinant profilins display oligomer forms (dimers or tetramers)
in solution, which can be partially reduced to monomers by addition
of DTT. b Gradient SDS-PAGE analysis: purified rCap a 2 and rLyc
e 1 were electrophoresed under reducing conditions (lane 1: rCap a 2,
lane 2: rLyc e 1 and non-reducing conditions, respectively (lane 3:
rCap a 2, lane 4: rLyc e 1).
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revealed the presence even of higher-order oligomers (te-
tramers) which can be partially reduced to presumably
monomers by DTT (fig. 7a). In parallel, gradient SDS-
PAGE analysis revealed that under reducing conditions,
both profilins migrate as monomers (fig. 7b, lanes 1, 2).
Gradient SDS-PAGE performed under non-reducing con-
ditions displayed a significant percentage of oligomer con-
formation of rCap a 2 (fig. 7b, lane 3) and rLyc e 1 (fig. 7b,
lane 4).

Discussion

In the recent past, several profilins were characterised
as food allergens, thus partially explaining the pollen-food
cross-reactivity at the molecular level. Vallier et al. [26]
described celery profilin as the first allergenic profilin
from foods. Pollen-allergic patients with adverse reactions
to birch and mugwort also frequently display symptoms
when eating celery, various spices and vegetables or fruits
from the Solanaceae family, such as tomato and bell pep-
per. In addition, tomato also evokes allergic reactions in
patients allergic to grass pollen [11]. The prevalence of
sensitisation to profilin ranges from 8 to 25% in hazelnut
[27, 28]-, 17–30% in celery [8, 9, 29]-, 20% in carrot [30]-,
to 57% in peach-allergic patients [31].

However, a reliable diagnosis of allergy always de-
pends on the quality of the test solutions applied. Espe-
cially commercially available plant food extracts for skin
prick tests have been reported to be of low sensitivity [32].
Therefore, well-defined and well-characterised allergens
should represent alternative diagnostic tools of higher
quality. In the present study, cDNAs coding for profilin
have been isolated, cloned and sequenced from bell pep-
per fruits (C. annuum) and tomatoes (L. esculentum),
respectively. The bell pepper profilin consists of 131 ami-
no acid residues with a predicted molecular mass of
14,184 kD designated Cap a 2. Lyc e 1, the tomato profil-
in also encompasses 131 amino acid residues with a pre-
dicted molecular mass of 14,257 kD (fig. 1). The two
sequences are highly similar to each other (91% identity).
Comparison of these two new profilin sequences to other
already known plant profilins revealed significant se-
quence identities. Pairwise alignments of Cap a 2 and Lyc
e 1 revealed highest sequence identity with profilin from
Hevea latex profilin (89 and 85%). Among others, signifi-
cant identity was observed with cherry profilin (87 and
84%), Phleum pratense profilin (79 and 81%), and Betula
verrucosa profilin (77 and 74%) (table 2). Lyc e 1 shares
only 75% sequence identity with tomato pollen profilin.

Similar sequence differences have already been observed
between Arabidopsis thaliana profilin isoforms and H. la-
tex profilins from leaves and pollen [33, 34]. It has been
shown that several profilin isoforms are expressed in
plants. They can be subgrouped into pollen-specific pro-
filins and constitutively expressed profilins detectable in
all tissues. These data suggest that two groups of profilin
sequences must have been separated in early phylogeny.

Cap a 2 and Lyc e 1 were expressed in E. coli and puri-
fied to near homogeneity with a yield of 8–10 mg recom-
binant protein per litre culture medium (fig. 2). The puri-
fied recombinant profilins were tested for bacterium-
derived endotoxin levels. The LPS contamination dif-
fered between rCap a 2 (0.5 EU/10 Ìg protein) and rLyc
e 1 (6 EU/10 Ìg protein); however, these values are still
below the values allowed for human therapeutics for par-
enteral application (e.g. Austrian threshold level: 8 EU/
ml). The correct N-terminal sequence was verified by
Edman degradation without the initiating methionine
according to the side chain length of the penultimate ami-
no acid (fig. 1) [25]. The purified recombinant profilins
were tested for their IgE binding capacity in immuno-
blots, inhibition assays and ELISAs. Thirty-four patients
with food allergy to bell pepper were enrolled in this study
(table 1). Among them 23 also had food allergy to toma-
toes. They all displayed IgE binding to proteins from bell
pepper extracts and tomato extracts, respectively. Pro-
teins of 14 kD from bell pepper extract and tomato extract
were recognised by a profilin antiserum and therefore
identified as profilins (data not shown). Eleven patients
displayed IgE binding to these two 14 kD proteins (fig. 3).
This represents IgE binding to profilin in 34% of patients
allergic to bell pepper and 48% in patients allergic of
tomato. The same set of patients also showed IgE binding
to the recombinant profilins from bell pepper, Cap a 2,
and tomato, Lyc e 1 (fig. 3). Furthermore, the purified
recombinant proteins were also tested in inhibition as-
says, and ELISA verifying the IgE binding capacity of
both purified recombinant profilins (fig. 4–6). Preincuba-
tion of a serum pool with purified rCap a 2 inhibited IgE
binding to natural bell pepper profilin up to 90% and in
parallel, IgE binding to natural tomato profilin was
blocked by preincubating the serum pool with purified
rLyc e 1 (fig. 4). In cross-inhibition assays, rLyc e 1 com-
pletely abolished the IgE binding to rCap a 2 from a serum
pool. Reversely, rCap a 2 reduced IgE binding by 50%
(fig. 5). Whether this effect is based upon the primary sen-
sitisation to tomato profilin followed by cross-sensitisa-
tion to bell pepper profilin remains unclear. The patients
included in this study were mostly polysensitised: nearly
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half of them had IgE directed against inhalant grass and/
or birch pollen allergens, some of them were allergic to
latex and ficus, and most of the patients displayed food-
allergic symptoms against a range of fruits, vegetables,
and spices.

Again, the route of sensitisation against profilin re-
mains unclear and it has to be carefully investigated
whether cross-reactivity patterns based on profilin can be
predicted in inhalant- and food-allergic patients [32]. The
clinical relevance of IgE binding to profilin has to be dis-
tinguished from cross-reactive IgE binding without evok-
ing allergic symptoms in patients based on a well-per-
formed diagnosis of food allergy, as pointed out in several
papers [8, 9, 32].

HPLC analysis and subsequent SDS-PAGE analysis
revealed that rCap a 2 and rLyc e 1 tend to form oligomers
in solution, which can be dissociated to monomers by
adding reducing agents. In IgE-ELISA experiments per-
formed with a selected serum, oligomeric rLyc e 1 dis-
played higher IgE-binding capacity, in contrast to rCap
a 2, which did not significantly change its IgE-binding
activity upon reduction. However, the effect of oligomer
formation of Cap a 2 and Lyc e 1 will be further investi-
gated in future experiments using a representative num-
ber of sera. Oligomeric forms of profilin may represent a
more allergenic form with possible additional epitopes
relevant for IgE-mediated reactions compared with
monomers. For human and maize profilin it has been
shown that they are able to form oligomers [35] which
bound stronger to specific antibodies in immunoblots.
Especially, oligomers of maize profilin, obtained under
non-reducing conditions displayed a stronger IgE-binding
capacity compared to the monomers [36]. Oligomerisa-
tion of profilin does not represent an artefact due to

recombinant production and purification. Recently,
Wopfner et al. [37] reported that natural profilin, purified
from mugwort pollen, was identified as well in a stable
oligomeric state and monomers of natural profilin were
obtained only after harsh treatment with reducing agents
and heat.

Profilin-sensitised patients usually tend to develop al-
lergies not only to multiple pollen species, but also to a
number of pollen-related allergenic food. In general, these
patients suffer from rather mild allergic symptoms [32].
However, due to the high cross-reactivity among different
profilins, the predictive value of a profilin sensitisation as
a diagnostic marker is still controversial and the presence
of cross-reactive IgE antibodies directed against profilin
does not necessarily result in clinically relevant food aller-
gies [32]. Therefore, the diagnostic use of well-character-
ised individual members of the profilin family, such as
rCap a 2 and rLyc e 1, instead of total food extracts may
help to better define the clinical significance of profilin
sensitisation. It will also be possible to identify the prima-
ry sensitising agent in a group of multiple-food-allergic
patients using purified recombinant allergens with de-
fined physicochemical characteristics in future experi-
ments.

Acknowledgements

This work was sponsored in part by the Hertha Firnberg grant
T70 Gen (to K. H.-S.) from the Österreichisches Bundesministerium
für Wissenschaft, Kunst und Technologie and by grant No. 8464
from the Jubiläumsfonds der Österreichischen Nationalbank and by
grants P13827, S8802 and S88011 of the Austrian Fonds zur Förde-
rung der wissenschaftlichen Forschung.

References

1 Bruijnzeel-Koomen C, Ortolani C, Aas K,
Bindslev-Jensen C, Bjorksten B, Moneret-Vau-
trin D, Wuthrich B: Adverse reactions to food.
European Academy of Allergology and Clinical
Immunology Subcommittee. Allergy 1995;50:
623–635.

2 Baatout S: Profilin: An update (letter). Eur J
Clin Chem Clin Biochem 1996;34:575–577.

3 Gibbon BC, Zonia LE, Kovar DR, Hussey PJ,
Staiger CJ: Pollen profilin function depends on
interaction with proline-rich motifs. Plant Cell
1998;10:981–993.

4 van Ree R, Viotenko V, van Leeuwen WA, Aal-
berse RC: Profilin is a cross-reactive allergen in
pollen and vegetable foods. Int Arch Allergy
Immunol 1992;98:97–104.

5 Valenta R, Duchene M, Ebner C, Valent P,
Sillaber C, Deviller P, Ferreira F, Tejkl M,
Edelmann H, Kraft D, et al: Profilins constitute
a novel family of functional plant pan-aller-
gens. J Exp Med 1992;175:377–385.

6 Diez-Gomez ML, Quirce S, Cuevas M, San-
chez-Fernandez C, Baz G, Moradiellos FJ,
Martinez A: Fruit-pollen-latex cross-reactivity:
Implication of profilin (Bet v 2). Allergy 1999;
54:951–961.

7 Bauer L, Ebner C, Hirschwehr R, Wuthrich B,
Pichler C, Fritsch R, Scheiner O, Kraft D: IgE
cross-reactivity between birch pollen, mugwort
pollen and celery is due to at least three distinct
cross-reacting allergens: Immunoblot investiga-
tion of the birch-mugwort-celery syndrome.
Clin Exp Allergy 1996;26:1161–1170.

8 Ballmer-Weber BK, Hoffmann A, Wuthrich B,
Luttkopf D, Pompei C, Wangorsch A, Kastner
M, Vieths S: Influence of food processing on
the allergenicity of celery: DBPCFC with celery
spice and cooked celery in patients with celery
allergy. Allergy 2002;57:228–235.

9 Luttkopf D, Ballmer-Weber BK, Wuthrich B,
Vieths S: Celery allergens in patients with posi-
tive double-blind placebo-controlled food chal-
lenge. J Allergy Clin Immunol 2000;106:390–
399.

10 Ebner C, Jensen-Jarolim E, Leitner A, Breiten-
eder H: Characterization of allergens in plant-
derived spices: Apiaceae spices, pepper (Pipe-
raceae), and paprika (bell peppers, Solanaceae).
Allergy 1998;53:52–54.



Two New Food Allergens: Profilins from
Bell Pepper and Tomato

Int Arch Allergy Immunol 2003;131:245–255 255

11 Petersen A, Vieths S, Aulepp H, Schlaak M,
Becker WM: Ubiquitous structures responsible
for IgE cross-reactivity between tomato fruit
and grass pollen allergens. J Allergy Clin Im-
munol 1996;98:805–815.

12 van Toorenenbergen AW, Waanders J, van
Wijk RG, Vermeulen AM: Immunoblot analy-
sis of IgE-binding antigens in paprika and to-
mato pollen. Int Arch Allergy Immunol 2000;
122:246–250.

13 Groenewoud GC, de Jong NW, van Oorschot-
van Nes AJ, Vermeulen AM, van Toorenen-
bergen AW, Mulder PG, Burdorf A, de Groot
H, van Wijk RG: Prevalence of occupational
allergy to bell pepper pollen in greenhouses in
the Netherlands. Clin Exp Allergy 2002;32:
434–440.

14 Jensen-Jarolim E, Santner B, Leitner A,
Grimm R, Scheiner O, Ebner C, Breiteneder H:
Bell peppers (Capsicum annuum) express aller-
gens (profilin, pathogenesis-related protein P23
and Bet v 1) depending on the horticultural
strain. Int Arch Allergy Immunol 1998;116:
103–109.

15 Bleumink E, Berrens L, Young E: Studies on
the atopic allergen in ripe tomato fruits. I. Iso-
lation and identification of the allergen. Int
Arch Allergy Appl Immunol 1966;30:132–145.

16 Kondo Y, Urisu A, Tokuda R: Identification
and characterization of the allergens in the
tomato fruit by immunoblotting. Int Arch Al-
lergy Immunol 2001;126:294–299.

17 Foetisch K, Son DY, Altmann F, Aulepp H,
Conti A, Haistein D, Vieths S: Tomato (Lyco-
persicon esculentum) allergens in pollen-aller-
gic patients. Eur Food Res Technol 2001;213:
259–266.

18 Yu LX, Nasrallah J, Valenta R, Parthasarathy
MV: Molecular cloning and mRNA localiza-
tion of tomato pollen profilin. Plant Mol Biol
1998;36:699–707.

19 Kingston R: Method for plant RNA prepara-
tion. Current Protocols in Molecular Biology.
Cambridge, Mass., Wiley & Sons, 1995.

20 Hoffmann-Sommergruber K, Susani M, Fer-
reira F, Jertschin P, Ahorn H, Steiner R, Kraft
D, Scheiner O, Breiteneder H: High-level ex-
pression and purification of the major birch
pollen allergen, Bet v 1. Protein Expr Purif
1997;9:33–39.

21 Lindberg U, Schutt CE, Hellsten E, Tjader AC,
Hult T: The use of poly(L-proline)-Sepharose
in the isolation of profilin and profilactin com-
plexes. Biochim Biophys Acta 1988;967:391–
400.

22 Jarolim E, Rumpold H, Endler AT, Schlerka G,
Ebner H, Scheiner O, Kraft D: Specificities of
IgE and IgG antibodies in patients with birch
pollen allergy. Int Arch Allergy Appl Immunol
1989;88:180–182.

23 Laemmli UK: Cleavage of structural proteins
during the assembly of the head of the bacterio-
phage T4. Nature 1970;227:680–685.

24 Towbin H, Staehelin T, Gordon J: Electropho-
retic transfer of proteins from polyacrylamide
gels to nitrocellulose sheets: Procedure and
some applications. Proc Natl Acad Sci USA
1979;76:4350–4354.

25 Hirel PH, Schmitter MJ, Dessen P, Fayat G,
Blanquet S: Extent of N-terminal methionine
excision from Escherichia coli proteins is gov-
erned by the side-chain length of the penulti-
mate amino acid. Proc Natl Acad Sci USA
1989;86:8247–8251.

26 Vallier P, Balland S, Harf R, Valenta R, Devil-
ler P: Identification of profilin as an IgE-bind-
ing component in latex from Hevea brasiliensis:
Clinical implications. Clin Exp Allergy 1995;
25:332–339.

27 Hirschwehr R, Valenta R, Ebner C, Ferreira F,
Sperr WR, Valent P, Rohac M, Rumpold H,
Scheiner O, Kraft D: Identification of common
allergenic structures in hazel pollen and hazel-
nuts: A possible explanation for sensitivity to
hazelnuts in patients allergic to tree pollen. J
Allergy Clin Immunol 1992;90:927–936.

28 Pastorello EA, Vieths S, Pravettoni V, Farioli
L, Trambaioli C, Fortunato D, Luttkopf D,
Calamari M, Ansaloni R, Scibilia J, Ballmer-
Weber BK, Poulsen LK, Wuthrich B, Hansen
KS, Robino AM, Ortolani C, Conti A: Identifi-
cation of hazelnut major allergens in sensitive
patients with positive double-blind, placebo-
controlled food challenge results. J Allergy Clin
Immunol 2002;109:563–570.

29 Jankiewicz A, Aulepp H, Baltes W, Bogl KW,
Dehne LI, Zuberbier T, Vieths S: Allergic sensi-
tization to native and heated celery root in pol-
len-sensitive patients investigated by skin test
and IgE binding. Int Arch Allergy Immunol
1996;111:268–278.

30 Ballmer-Weber BK, Wuthrich B, Wangorsch
A, Fotisch K, Altmann F, Vieths S: Carrot
allergy: Double-blinded, placebo-controlled
food challenge and identification of allergens. J
Allergy Clin Immunol 2001;108:301–307.

31 Pastorello EA, Ortolani C, Farioli L, Pravettoni
V, Ispano M, Borga A, Bengtsson A, Incorvaia
C, Berti C, Zanussi C: Allergenic cross-reactivi-
ty among peach, apricot, plum, and cherry in
patients with oral allergy syndrome: An in vivo
and in vitro study. J Allergy Clin Immunol
1994;94:699–707.

32 Wensing M, Akkerdaas JH, van Leeuwen WA,
Stapel SO, Bruijnzeel-Koomen CA, Aalberse
RC, Bast BJ, Knulst AC, van Ree R: IgE to Bet
v 1 and profilin: Cross-reactivity patterns and
clinical relevance. J Allergy Clin Immunol
2002;110:435–442.

33 Ganglberger E, Radauer C, Wagner S, Riordain
G, Beezhold DH, Brehler R, Niggemann B,
Scheiner O, Jensen-Jarolim, E, Breiteneder H:
Hev b 8, the Hevea brasiliensis latex profilin, is
a cross-reactive allergen of latex, plant foods
and pollen. Int Arch Allergy Immunol 2001;
125:216–227.

34 Huang S, McDowell JM, Weise MJ, Meagher
RB: The Arabidopsis profilin gene family. Evi-
dence for an ancient split between constitutive
and pollen-specific profilin genes. Plant Physi-
ol 1996;111:115–126.

35 Babich M, Foti LR, Sykaluk LL, Clark CR:
Profilin forms tetramers that bind to G-actin.
Biochem Biophys Res Commun 1996;218:
125–131.

36 Psaradellis T, Kao NL, Babich M: Recombi-
nant Zea mays profilin forms multimers with
pan-allergenic potential. Allergol Int 2000;49:
27–35.

37 Wopfner N, Willerroider M, Hebenstreit D,
van Ree R, Aalbers M, Briza P, Thalhamer J,
Ebner C, Richter K, Ferreira F: Molecular and
immunological characterization of profilin
from mugwort pollen. Biol Chem 2002;383:
1779–1789.


