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Identification of four IgE-reactive proteins in
raspberry (Rubus ideaeusL.)
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IgE-reactive proteins in raspberry (Rubus ideaus L.) were identified using PCR, RT-PCR, 2-DE and
MS/MS peptide sequencing. Specific polyclonal antibodies and patient sera were used in Western
blotting to identify crossreactive epitopes. Initially, two potential allergens Rub i 1 and Rub i 3 were
detected using PCR, showing high sequence identity to proteins in Rosaceous species like Mal d 1
and Mal d 3 from apple, Pru av 1 and Pru av 3 from cherry and Pru p 1 and Pru p 3 from peach.
Furthermore, de novo identified peptides of a protein band at about 30 kDa reacting with most of the
patient sera tested (>80%) revealed a high sequence homology with class III chitinases. Raspberry
chitinase, when subjected to glycoproteomic analysis, showed typical complex plant-type N-glycans
with a core al1,3 fucose and a B1,2 xylose at least at one position, indicating the presence of cross-
reacting carbohydrate determinants (CCDs). Finally, MS/MS analysis revealed an IgE-reactive rasp-
berry cyclophilin, homologous to Bet v 7. Results obtained suggest that the consumption of raspber-
ries might be responsible for adverse reactions in sensitised individuals.

Keywords: Class III chitinase / Cyclophilin/Rubi 1 /Rub i 3 / Small fruits

Received: December 14, 2007; revised: February 7, 2008; accepted: February 19, 2008

1 Introduction

Raspberries are among the small fruits with promising
health benefits due to their high ellagic acid content [1].
However, consumption of fruits may also impose adverse
effects in individuals with fruit allergy [2]. Epidemiological
data estimate the prevalence of food allergies to be 1.4—
2.4% worldwide with an increasing progression [3] and
children and young adults being particularly affected [4, 5].

The clinical importance of fruit allergens like Mal d 1, a
Bet v 1 homologous protein from apple and non-specific
lipid transfer proteins (nsLTPs), has been repeatedly
emphasised [6, 7]. Allergic symptoms related to Mal d 1 and
homologous proteins are generally reported as mild and
local, which is due to the chemical lability of these proteins
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[8]. Due to the fact that Mal d 1 is degraded during the gastro-
intestinal transit, it cannot sensitise directly and is claimed to
be only capable of triggering allergy in patients previously
sensitised by birch pollen allergen Bet v 1. However, when
conformational epitopes of Bet v 1 were experimentally sta-
bilised, hypersensitivity could be induced via oral route in
mice, leading for the first time to the indication that digestion
insufficiency is able to support food allergy [9]. Also proton
pump inhibitors were shown to promote the development of
immediate type food allergy towards digestion-labile pro-
teins in animal model and adult patients [ 10].

LTPs, on the other hand, are highly stable proteins, con-
taining eight conserved cystein residues forming four disul-
phide bridges, able to induce anaphylaxis after consump-
tion [11]. Based on protein sequence and structural similar-
ities, these allergens are classified as pathogenesis-related
proteins (PRs), suggesting an important role in the plant
defence [12]. In this context, their expression profile and
mode of action are under extensive investigation, in order to
develop novel breeding strategies.

* Present address: Core of Biomolecular Frontiers, Macquarie Univer-
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Although inhalation of frozen raspberry powder was
reported to cause occupational asthma in adult factory
workers, allergens in raspberries have not been character-
ised so far [13]. An initial analysis of genetic sequences
within the Rosaceae indicates that coding regions of the
most genes are conserved [14]. The high level of synteny
among Rosaceous fruits like raspberry and apple, suggests
a very similar protein expression pattern [15]. However,
proteomic data on fruit proteins are difficult to obtain due
to the complexity of the plant specific tissue matrix and the
low protein content [16—19].

2-DE in combination with IgE-Western blotting was
applied for a selective allergen profiling in raspberries [20].
cDNA sequence analysis has already been shown to be a
powerful tool in the characterisation of plant allergens [21].
Additionally inhibition assay must be employed to recon-
firm the existence of crossreactive epitopes of potential
allergenic proteins. Carbohydrate moieties on the surface of
glycoproteins, are widely distributed in plant-derived gly-
coproteins and represent frequently encountered epitope
structures for IgE binding [22]. These glycan chains are
reported among the primary causes for crossreactivity and
have been designated as crossreacting carbohydrate deter-
minants (CCDs) [23]. In this study, 2-DE Western blots
with polyclonal antibodies raised against the major apple
allergens and sera from patients allergic to Rosaceous
fruits, followed by MS/MS and LC-ESI-Q-TOF MS were
applied to characterise IgE-reactive proteins from rasp-
berry.

The current study addressed two main questions: (i) do
raspberries share the most common IgE-reactive protein
pattern with apples, and express Mal d 1 and Mal d 3
(nsLTP) homologous proteins? (ii) can IgE-reactive rasp-
berry proteins be classified in well-known protein families
like PRs or might other proteins be involved in the allergen
response?

2 Materials and methods

2.1 Total RNA isolation and RT-PCR analysis

Total RNA was isolated from fresh raspberries obtained
from the supermarket with the RNeasy Plant Mini Kit
(QIAGEN). RNA quality and concentration were deter-
mined by gel electrophoresis and spectrophotometry,
respectively. Contaminating DNA was removed with DNase
I (Roche).

First strand cDNA was synthesised by RT using about
2.5 ug total RNA, SuperScript™ II RNase H™ RT and oligo
(dT) primers (Invitrogen), according to the supplier's rec-
ommendation. The RT reaction mix was diluted twice to
reduce inhibitory effects of the RT buffer system.

Based on the expected homology between the Rosaceous
species, the following primers were used for the detection
of the allergens in raspberry fruits: (MDIFdeg 5'-
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NNGAATTCATGGGTGTSTWCACATWYGAA-3'  and
MDIRdeg 5'-NNNGGATCCTTAGTTGTAGGGRTCCK-
GGTG-3'), amplifying a 480 bp fragment of a Mal d 1
homologous gene (LTP-F 5-ATGGCTTGCTCTG-
CAGTGA-3' and LTP-R 5-TYACTTCACGGTGGCG-
CAGTTG-3'), amplifying a 346 bp fragment of a Mal d 3
homologous gene and (Chilll-Fdeg 5-AYTGGGGH-
CAAAAYGGNRRHGARG-3' and Chilll-R 5-CTAGA-
CATCATTCTTGATGGAG-3'), amplifying a 804 bp frag-
ment of an apple chitinase III homologous gene in rasp-
berry.

PCR amplifications were conducted in a total volume of
25 uL using 1 x PCR Buffer (QIAGEN), 2 mM MgCl,,
0.2 mM dNTPs, 5 pmol of each Primer, 0.6 units HotStar-
Taq Polymerase (QIAGEN HotStarTaq™ PCR) and 4 uL of
the RT reaction. PCR-cycling conditions were optimised
and consisted of an initial denaturation step of 95°C for
5 min followed by 35 cycles of 60 s at 95°C, 60 s at the cor-
responding annealing temperature and 60 s at 72°C. A final
step of 5 min at 72°C ended the cycle.

The RT-PCR products were purified using QIAquik™
PCR Purification Kit (QIAGEN) and sequenced by VBC-
Biotech (http://www.vbc-biotech.com, Vienna).

2.2 Sequence data analysis

DNA sequences were analysed using Lasergene99 software
(DNASTAR, Madison). Protein and DNA similarity
searches were performed using BLAST program. Multiple
DNA and amino acid sequence alignments were performed
with Multiple sequence alignment (http://bioinfo.genopole-
toulouse.prd.fr/multalin/ multalin.html).

2.3 SDS-PAGE and 2-DE

Proteins were extracted from fresh raspberries using a pre-
viously described protocol [24]. Briefly, raspberries were
shock frozen, homogenised with extraction buffer (10 mM
K,HPO4, 10 mM KH,PO,;, 0.27mM EDTA, 13.3 mM
DIECA, 2% PVPP, pH 7) in a ratio of 1:2 w/v and extracted
for 30 min by stirring at +4°C. The mixture was filtered
through two layers of Miracloth (Calbiochem, USA), cen-
trifuged at 10000 x g for 30 min at +4°C and the superna-
tant was immediately frozen at —80°C. Phenol precipitation
was used to increase the protein concentration [25]. Pow-
dered raspberries were submitted to three washing steps
with organic solvents (10% TCA/aceton, Methanol, 80%
acetone) followed by an extraction with tris-buffered Phe-
nol (pH 8, Sigma). After precipitation with a mixture con-
taining ammonium acetate and methanol, the protein pellet
was resolved in 8 M urea and the total protein content deter-
mined using the BCA Protein assay kit (Pierce, Rockford,
USA), according to manufacturer's instruction.

Samples were diluted 1:2 with sample buffer containing
0.125 M Tris/HCIl, pH 6.8, 20% v/v glycerol, 2% w/v SDS,
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Table 1. Clinical symptoms and sensitisation pattern of eight female patients

Patient Age  Clinical food allergy SPT to common Specific IgE Positive prick-to-prick  Prick-to-prick ~ Total
inhalant allergens  (kUa/L) test with food testraspberry  IgE
1 46 OAS from stone fruits,  Birch rBetv122.9 Apple, peach, cherry,  + 88
carrot, kiwi, tree nuts, strawberry, kiwi,
peanut almond, potato, celery
2 34 OAS from stone fruits,  Birch, grass, Birch 15.1, latex Apple, peach, cherry,  Nd 400
hazelnut, almond Alternaria, dog, 1.4,rHevb 6 strawberry, almond,
horse, rubber latex <0.35 hazelnut, bell pepper,
lettuce
3 26 Mild OAS from apple, = Ragweed, cat, Birch <0.35, Peach, banana, melon, - 160
peach, carrot, kiwi; se- house dust mite, rBetv6<0.35, cucumber, orange, as-
vere OAS from orange, rubber latex latex 2.9, paragus, tomato, potato
asparagus, banana, rHevb 6 <0.35
melon
4 20 Erythema and pruritus  Grass, house dust  Birch <0.35, Nd Nd 50
from peach, kiwi, orange mite, Alternaria grass 0.84
5 42 Severe OAS, urticaria, Negative rBetv1<0.35 Apple, peach, cherry,  — 220
angioedema and col- plum, apricot
lapse after apple and
peach
6 30 Urticaria and oedema  Birch, grass, rBetv19.3, Apple, peach, banana, + 300
of the lips from tomato; mugwort, ragweed, rBetv2<0.35, carrot, celery, tomato,
pruritus, nausea and cat, dog, house rBetv610.8, bell pepper, lettuce
vomitus from apple dust mite grass 3.1,
and banana mugwort 1.96
7 44 OAS from apple, facial Negative Birch <0.35 Apple, peach, cherry,  + 130
angioedema from peach, apricot
anaphylaxis from apricot
8 25 Periorbital edemaand  Negative Birch <0.35, Peach, lemon, sweet ++ 30
rhinitis from lemon and mugwort<0.35, lime, orange, banana,
other citrus fruits latex <0.35 blueberry, tomato,

grape, bell pepper

SPT: skin prick test, OAS: oral allergy syndrome, nd: not determined.

0.005% v/v bromphenol blue and denatured for 10 min at
90°C. Whenever reducing conditions were required, 0.05 M
DTT was added to the mixture. Samples were loaded on 4—
20% gradient gels (4—20% tris-glycine gel, Invitrogen,
Carlsbad, USA). Electrophoresis was performed with a
Novex System (Invitrogen). Precipitated raspberry proteins
were separated by 2-DE as described before [20]. Samples
were diluted in rehydration buffer (6 M urea, 2 M thiourea,
2% w/v CHAPS, 10 mM DTT, 2% IPG-buffer and traces of
bromphenol blue) and 70 pug protein of the total protein
extract or were loaded on 7 cm IPG strips, pH 3—10 or 4—7
(Amersham Biosciences, Piscataway, USA), using in-gel
rehydration. Focussing was carried out on a Multiphor II
System (Amersham Biosciences) at +20°C for a total of
7.2 kVh with a voltage maximum at 3500 V. Prior to the
second dimension, strips were equilibrated for 12 min in
equilibration solution (50 mM Tris-HCI buffer, pH 6.5 con-
taining 6 M urea, 30% v/v glycerol, 2% w/v SDS) contain-
ing 2% DTT and subsequently for 8 min in equilibration
buffer containing 2.5% iodacetamide. Small size gels were
chosen for the 2-DE analyses due to the limited amounts of
available patient sera.

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

2.4 Western blotting

Electroblotting was performed on the XCell II Blot Module
(Invitrogen) using a buffer containing 50 mM
Na,B,0; - 10H,0, 0.1% w/v SDS, 20% v/v methanol. For
the localisation of Mal d 1 and Mal d 3 homologues in rasp-
berry, polyclonal rabbit antibodies were used in Western
blots as previously described [20]. Sera of mono- and poly-
sensitised patients, who display symptoms after inhalation
or consumption of pollen and fruits like apple, peach, apri-
cot, raspberry and different vegetables were used to identify
distinct IgE-reactive epitopes in raspberry extract (Table 1).
For this purpose allergic individuals were clinically charac-
terised by anamnesis, skin testing and IgE assay. Raspberry
proteins were blotted onto nitrocellulose membranes (Bio-
Rad, Hercules, USA) and blocked with PBS buffer contain-
ing 3% BSA and 0.1% Tween 20 for 2 h at 37°C. Mem-
branes were first incubated over night at 4°C with patient
sera diluted 1:50 v/v and subsequently with a goat anti-
human IgE conjugated with horseradish peroxidase (ICL
Lab, Newberg, USA) diluted 1:1000 v/v for 4 h at room
temperature. IgE-reactive protein spots were visualised by
ECL (Amersham Biosciences) reaction and chemilumines-
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cence using the Lumi-Imager™ apparatus (Boehringer
Mannheim/Roche, Penzberg, Germany).

2.5 Inhibition assay

In order to demonstrate crossreactivity between Mal d 1 and
Rub i 1, its putative homologue in raspberry, an inhibition
assay was performed, assuming that only a protein with
similar epitopes as Mal d 1 should be able to reduce the IgE
binding. For this purpose approximately 4 pg of purified
apple Mal d 1 were separated by electrophoresis and blotted
on a nitrocellulose membrane. Serum of a patient allergic to
Mal d 1 was diluted 1:50 v/v in PBS, containing 1% BSA
and 0,1% Tween 20, and preincubated with raspberry
extract (1 mL, ~1 mg/mL) for 1h at room temperature.
The blot membranes were developed by Western blotting.

2.6 Glycoproteomic analyses

Three major bands at a M, of about 30 kDa were subjected
to extensive glycoproteomic analyses using LC-ESI-Q-
TOF MS and MS/MS [26]. N-glycans were released, iso-
lated and analysed according to a standard method [27].
The peptides were subjected to LC-ESI-Q-TOF MS before
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and after digestion with peptide N/glycosidase A [28]. De
novo determined peptide sequences were subjected to an
MS-BLAST (http://dove.embl-heidelberg.de/Blast2/
msblast.html) allowing the assignment of proteins by
sequence similarity.

3 Results

3.1 Sequence comparison of Rub i1, Rubi3and
Rubus class lll chitinase

Single strand cDNAs corresponding to Rub i 1, and Rub i 3
and class III chitinase could be amplified by PCR using pri-
mers designed on the basis of high sequence homologies to
Mal d 1, Mal d 3 and apple class III chitinases [21, 29, 30]
with optimised annealing temperatures (65°C for Rub i 1,
56°C for Rub i 3 and 50°C for chitinase III). Purified PCR
products were sequenced and compared to in silico avail-
able sequence data.

The search in protein sequence databases using the
BLAST and FASTA3 programs pointed to a high homology
of the isolated raspberry cDNA with homologous proteins
in Rosaceous and other plants. The amino acid sequence of
Rubi 1 (Acc. no. DQ660361) obtained from the conversion

IPKIZ

ERID

Figure 1. Alignment of the amino acid sequence of Rub i 1
shows the highest level of identity with the allergens Pru av
1.02 (identity 79.0%) and Fra a 1 (identity 77.0%) followed by
Prup 1, Mald 1, Pyrc 1 and Pru ar 1. Rub i 1 shares also the
conserved glycine (E, highlighted in grey) which is crucial for
the IgE binding.
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of the DNA sequence showed a 79.2% identity with the
cherry allergen Pru av 1.02 (Acc. no. Q6QHU2), 77.1%
identity with the strawberry allergen Fra a 1 (Acc. no.
Q216VS8) and 77.0% with Mal d 1.06B (Acc. no.
AAS00046) from apple (Fig. 1). The amino acid sequence
of Rub i 1 shares additionally a conserved glycine with
these proteins, shown to be crucial for the IgE binding [31].
In the case of Rub i 3 (Acc. no. DQ660360) 87% identity
could be observed with Fra a 3 from strawberry (Acc. no.
QA4PLTS), 74% identity with Mal d 3 from apple (Acc. no.
Q5GLHO0) and 70% identity with Pru av 3 from cherry
(Acc. no. QIM5XS8) (Fig. 2).

The converted partial cDNA sequence of Rubus class I11
chitinase showed the highest amino acid sequence homol-
ogy with an apple class III chitinase (88.12% identity, Acc.
no. Q9FUD?7), 82.9% identity with a strawberry class III
chitinase (Acc. no. Q9XF93) and 74.17% identity with hev-
amine (Acc. no. Q9FEY6), a minor latex allergen (Fig. 3).

3.2 Detection and identification of IgE-reactive
raspberry proteins

Raspberry extract was separated by SDS-PAGE and trans-
ferred to nitrocellulose membranes. Protein bands were
detected by Western blotting using rabbit polyclonal anti-
bodies directed to purified Mal d 1 and Mal d 3, respec-
tively, confirming the expression of homologous proteins in
raspberry fruit (Fig. 4). Tested patient sera (35%) reacted
with a protein band at 9 kDa and 60% with a protein band at
17.5 kDa (Fig. 4). Although raspberry LTP (Rub i 3) could
be detected both by polyclonal and patient antiserum, it was

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Figure 2. Alignment of Rub i 3 shows the highest level of
identity with the allergens Fra a 3 (identity 87%) and Mal d 3
(identity 74%). Further it shares 8 cysteine-residues (high-
lighted in grey) with all other LTPs from Rosaceae like Pyr ¢
3, Pru av 3, Pru p 3 and Pru ar 3, which are crucial for the
conformational stability of these allergens.

not stained with CBB in 2-DE. Protein spots, which were
detected by a pAb against Mal d 1 were identified by MS
analyses as a highly abundant latex-like protein from rasp-
berry and a cyclophilin in 2-DE (Fig. 5). Narrow range
IPG-strips were used to improve the resolution of the spots
reactive to Mal d 1 serum. However, the obtained MS
results delivered sequence fragments of a latex-like protein
from raspberry. Inhibition assay using Western blotting and
serum of an apple/birch reactive patient showed that the
Mal d 1 band completely disappears, when the serum is
incubated with raspberry extract (Fig. 6). Additionally, the
MS/MS analysis identified an IgE-reactive cyclophilin at a
p!l of 9 and M, of 18 kDa (Fig. 7). The sequence analysis of
cyclophilin peptide fragments shows a high similarity with
Bet v 7, a cyclophilin from birch (Betula verrucosa), Gly m
cyclophilin from soyabean (Glyine maxima) and Mal s 6
from the fungus Malassezia sympodialis (Fig. 8).

3.3 Characterisation of Rubus class lll chitinase
and analysis of N-glycans using MS

About 80% of patient sera reacted with a triple protein band
at ca. 30 kDa (Fig. 4). These protein bands were visualised
by Coomassie staining and Western blotting (Fig. 7), indi-
vidually isolated, sequenced by MS/MS and identified as a
class III chitinase. The raspberry extract was also separated
by 2-DE and Western blotted with a reactive patient serum
(Fig. 7). The triple protein band was resolved in four spots
at an estimated p/ of 8.5 (Fig 7). All four spots analysed by
MS contained identical peptide fragments. LC-ESI-Q-TOF
MS analysis indicated that Rubus class I1I chitinase is a gly-
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1
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Chi IIT (Trifolium pratense) ..MAKNSNTF LSLIFLL.FL
Chi IIT (Musa paradisiaca) MATRSPASLL LFAFLMLALT
Chi III (Zizyphus jojube) .. MVEPQARL VWASTILTSA
Chi III (Malus domestica) MASKSTATFL ..ALLSLVTL
Chi IIT (Pyrus communis) . ......... T,
Chi IITI (Fragaria ananassa) MASVSAAATL ..SLATL..L
51
Peptide (Rubus idasus)
cDMNA (Rubus idaeus) AFLSS
Hev B (Hevea brasiliensis)
Chi III (Ficus awkeotsang)
Chi IITI (Trifolium pratense)
Chi IITI (Musa paradisiaca)
Chi IITI (Zizyphus jujuba)
Chi IITI (Malus domestica)
Chi IIT (Pyrus communis)
Chi III (Fragaria ananassa)
Peptide (Rubus idasus)
cDNA (Rubus idaeus)
Hev B (Hevea hrasiliensis) QEgN
Chi IITI (Ficus awkeotsang) Rle
Chi IITI (Trifolium peratense) GIE'
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Chi IIT (Zizyphus jujuba) /|
Chi III (Malus domestica)
Chi IIT (Pyrus communis)
Chi IITI (Fragaria ananassa)
Peptide (Rubus idaeus)
cDMNA (Rubus idaeus)
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Chi IITI (Malus domestica)
Chi III (Pyrus communis)
Chi III (Fragaria ananassa)

coprotein carrying typical complex plant-type N-glycans
with a core a1,3 fucose and a 1,2 xylose at least on one
position. Both sugars are reported as immunogenic and fre-
quently found on a variety of plant allergens [27].

4 Discussion

The current study focused on the identification and charac-
terisation of raspberry IgE-reactive proteins using different
molecular tools. Results obtained by IgE-Western blotting
with polyclonal antibodies directed to the apple allergens
Mal d 1 and Mal d 3 confirmed the expression of homolo-
gous proteins also in raspberry. Conversion of DNA sequen-
ces of Rub i 1 and Rub i 3 into amino acid sequences
revealed a high similarity to homologous allergens in
related Rosaceous species like strawberry, cherry, apple and
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FSSEIKDCQS
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LGEETKACQS
LSPEIKSCQA

SRPLG

Figure 3.

peach. Fruits of the Rosaceae family are the plant foods
most frequently involved in allergic reactions [6, 32—35]. A
direct sensitisation by food allergens through the oral route
is only possible when they are not destroyed by proteolysis
in the digestive tract. This property is thought to be decisive
for the potential of food allergens to induce severe systemic
reactions [2]. However, specific medications in ulcer treat-
ment can disturb the protein digestion so that lead to the
development of IgE against even pepsin-labile allergens
[10]. The nsLTPs from different fruits, e.g. Mal d 3, have
been shown to possess such an extreme stability [11]. So
far, birch pollen-food crossreactive IgE antibodies have
mainly been implicated in oral allergy syndrome with
milder symptoms. The main sources of crossreactivity, the
major birch pollen allergen Bet v 1 and apple allergen Mal
d 1, are extremely sensitive to pepsin digestion, explaining
the restriction of symptoms to the oral cavity [6].
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Chi IIT (Musa paradisiaca)
Chi III (Zizyphus jojuba)
Chi III (Malus domestica)
Chi IIT (Pyrus conmunis)
Chi IITI (Fragaria ananassa)

LEMPVESSE.
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Figure 3 (continued). Sequence alignment of the identified partial cONA sequence and peptide fragment sequences from the Rubus
class lll chitinase. The conserved sequences are marked in black and show a high similarity to Rosaceae chitinases. Also the IgE
reactive peptide fragments are similar to allergenic chitinase class Il from jujube.

Results obtained indicate that raspberries share a similar
allergen pattern with apples. Rub i 1 and Rub i 3 show a
sequence identity higher than 70% with homologous aller-
gens in other Rosaceous fruits. In fact, proteins sharing
more than 70% identity are commonly considered as cross-
reactive [36]. The FAO/WHO expert panel recommenda-
tions even include an identity greater than 35% over 80 or
more amino acids as a guideline to suggest possible cross-
reactivity (FAO Corporate document repository; http://
www.fao.org/docrep/003/x7133m/x7133m03.htm). How-
ever, the expression level of Rub i 1 in the analysed samples
was too low to be visualised by Coomassie staining. An
IgE-reactive protein spot of 18 kDa and a p/ 9.0 was identi-
fied by MS/MS as a cyclophilin, with high amino acid
homology to the birch pollen allergen Bet v 7. Therefore,
the IgE-reactivity at approximately 18 kDa is caused by at
least two proteins, namely Rub i 1 and a cyclophilin. Cyclo-

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 4. Eight patient sera (1 to 8) were used to screen IgE
reactive proteins of raspberry by Western blotting. Polyclonal
rabbit antisera raised against Mal d 1 (17.5 kDa) and Mal d 3
(9 kDa) identified the corresponding proteins in raspberry
extract (9). A mixture of five non-allergenic patient sera was
applied as negative control (10).

philins have been identified to catalyse peptidyl —prolyl iso-

merisation, during which the peptide bond preceding pro-
line is stabilised in the cis-conformation, in all organisms
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Figure 5. Raspberry extract sepa-
rated in the p/ range of 3-10
using 2DE was either stained by
Coomassie blue (A) or Western
blotted (B) with polyclonal antibod-
© ies against Mal d 1. Rub i 1 was

reliably detected (highlighted by a
black elipse).

17.5 KDa —> |sm—"

Figure 6. Inhibition assay for Mal d 1 at 17.5 kDa. Purified Mal
d 1 was separated by electrophoresis and Western blotted
with (A) untreated serum of an apple/birch reactive patient and
(B) serum pre-incubated with raspberry extract.

studied so far [37]. Mammalian cyclophilin is a major cellu-
lar target for the immunosuppressive drug cyclosporin.
Other roles for cyclophilins include chaperone and cell sig-
nalling functions [38]. So far, allergenic cyclophilins were
found in fungi and plants, including Asp f 11 and Asp {27
from Aspergillus fumigatus and Mal s 6 from M. sympodia-
lis [37]. An IgE binding cyclophilin from carrot is not cross-
reactive with the birch pollen homologue [39], a feature
which still needs to be investigated for the raspberry cyclo-
philin.

MW | A B
[kDa]

98 >
64>

50 >
36 > -

2> A

16— ’ O

3

pl

pI 10

More significant was a triple protein band of ca. 30 kDa
reacting with 80% of the tested patient sera. The MS anal-
ysis of each single protein spot confirmed all spots as class
IIT chitinases carrying at least one N-glycan with a core
al,3 fucose and a B1,2 xylose, both known to be crucial for
CCDs [22]. A class III chitinase from Indian jujube, Ziz m
1, has been reported recently as allergen [40]. The protein
sequence of Ziz m 1 indicates at least five possible glycosy-
lation sites. Due to high sequence identity of class III chiti-
nases and Hev b hevamine, a minor allergen from latex, the
IgE-reactivity might be explained in the context of the
latex-fruit syndrome [41]. However, reported allergies to
banana and kiwi are caused by class I chitinase panaller-
gens, which do not share any sequence similarity with class
IIT chitinases. Class III chitinases lacking hevein domains
are mainly of plant and fungal origin [40]. In the current
study, the IgE-reactivity to class III chitinases was unex-
pected, since sera were obtained from patients with a pre-
dominant allergy to apples and raspberries, particularly to
allergens like Mal d 1 and Mal d 3. Moreover the anamnesis
contained only two cases of latex sensitivity, both of which
were negative to Hev b 6.

Mw | C D
[kDa]

LN

649 m— -

50 >
L1
an 4

22 >
©

16 =>

3 pI 10

Figure 7. Separation of raspberry extract using SDS-PAGE (A,C) and 2DE (B,D). Gels were stained with Coomassie Blue (A, B)
and Western blotted using a patient serum (C and D). The spots of 30 kDa and basic p/ correspond to a class Il chitinase (black
arrows; figure B and D). An additional IgE-reactive spot of 18 kDa and p/ 9.0 was identified as a cyclophilin (black circle; figure B and

D).
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Figure 8. The alignment of raspberry cyclophilin peptide fragments reveals a high similarity with Bet v 7, a minor birch pollen aller-
gen, Gly m c, a cyclophilin from Glycine maxima and Mal s 6, an allergen from the fungus Malassezia sympodialis.

The present study answers two main questions: first, the
raspberry fruit shares at least two IgE-reactive proteins with
other Rosaceous fruits, namely Rub i 1, a Mal d 1 homolo-
gous protein and Rub i 3, a Mal d 3 homologous nsLTP. Sec-
ond, proteomic investigations indicate that the IgE-reactiv-
ity of raspberry proteins is not only induced by known PR
genes, but also by additional gene families and panaller-
genic proteins like cyclophilins and class III chitinases.
However, more clinical investigations are necessary to
understand the impact of crossreactivity of class III chiti-
nase and latex hevamine or raspberry cyclophilin and birch
Betv 7.

The authors have declared no conflict of interest.
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