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Abstract
A low-temperature extract taken from Golden Delicious apples was separated by
two-dimensional polyacrylamide gel electrophoresis. Bymeans of two-dimen-
sional immunoblotting with patients' serum containing IgE specific to Bet v r, arabbit polyclonal antiserum raised against Bet vI, and t*ó nriv I specific mono-
clonal antibodies, epitopes cross-reactive to Bet y I were identified on an apple
allergen with a molecular mass of l8 kDa and pI 5.5. Furthermore, certain anti-
body reactivities with 4 isoproteins of a molecular mass of 16 kDa and pls rang-
ing from 4.9 to 5.5 were observed, which may indicate the presence of Bet v r
related epitopes on these proteins. Based on26amino acid residues, N-terminal
sequencing of the l8-kDa apple allergen revealed 620/o sequence identity be-
fween Bet v I from birch pollen and the apple allergen. our results therefore
support the view that both proteins express common as well as non-related IgE-
reactive epitopes.

Introduction

Allergy to a variety of fresh fruits, nuts, as well as allergy
to some vegetables and spices is highly associated with IgÉ-
mediated hypersensitivity to birchpollen tl-41. The observ-
ed clustering of hypersensitivities is due to.iorr-..uctions
of allergen-specific IgE antibodies Í4-7l.Since its preva-
lence in birch-pollen-allergic patients is high, apple hyper-
sensitivity has been studied as an immunopathologic model
which represents the typical situation ofthè wholJphenom-
enon [5, 8-10]. Ebner et al. [g] were the first to ideniis, com-
mon structures of Bet v I, the major allergen of birch pollen,
and a 17 - to I8-kDa allergen from Golden Delicious apples
by immunoblot and immunoblot-inhibition studies with pa-

tients' sera and monoclonal antibodies (MAbs) specific to
Bet v I. Furthermore, they were able to detect homologous
structures between Bet v I and an apple protein at the nucleic
acid level by Northern blotting. At the protein level, we con-
firmed these results by immunological inhibition studies
using isolated Bet v I and patients' sera as well as by immu-
noblotting with MAbs directed against Bet v I tl0l which
clearly revealed cross-reactivity between the two proteins.
up to now, no structural and functional data of tÀe 17- to
l8-kDa apple allergen are available. Therefore, we have fur-
ther characteized the highly cross-reactive apple allergen
by fwo-dimensional immunoblotting and N-te;inal amino
acid sequencing.
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Materials and Methods

Patients'Sera
The birch pollen serum pool Wn 13132 (n: 7) had RAST classes of

3 to birch pollen and Golden Delicious apples. On one-dimensional
(1-D) immunoblots,IgE antibodies of this serum reacted to Bet v I and
a minor allergen of 35 kDa of birch pollen extract, and bound to pro-
teins of 16, l8 and 37 kDa of separated Golden Delicious extract [Z tO1.
Patient Bra was allergic to birch pollen, fresh apples and several other
fruits, hazelnuts, celery carrots and some spices and had RAST classes
of 4 to birch pollen and Golden Delicious apples. On l-D immunoblots
ofbirch pollen extract, the IgE reactivity of this serum was restricted to
Bet vl, whereas a 16- and a l8-kDa band were recognized with Golden
Delicious extract.

Polyclonal Antiserum and MAbs
A rabbit polyclonal antiserum raised against Bet v I and the anti-

Bet vl 'MAb D' were kindly supplied by Allergopharma (Dr. B. We-
ber, Dr. R. Wahl, Reinbek, Germany). The Betv I specific MAb'BIP l'
was a gift from Prof. Dr. D. Kraft, Vienna, Austria. Culture superna-
tants of both MAbs were used.

Apple Extracts
Apple extracts were prepared by a low-temperature 'acetone

powder' method as previously described Il]. Briefly, pieces of mature
fresh Golden Delicious apples were homogenized in acetone/dry ice at
-60 to -65 "C and the mixture was stored overnight and cooled with dry
ice. The resulting precipitates were washed twice with acetone at
-60'C and once with acetone/diethylether (l:1, v/v, -60"C), filtered
and lyophilized. The dried acetone powders were stored at -20"C. Pro-
tein extracts were obtained by extracting approximately 2 g of acetone
powder with 30 ml of 0.01 Mpotassium phosphate buffer pH 7.4, con-
taining 0.15 M NaCl, centrifuged (5"C, 20,000 g,45 min) and the su-
pernatants were filtered through a fiber glass prefilter (No. 13400, Sar-
torius, Góttingen, Germany). The total amount of protein was deter-
mined by a modified Bradford assay as previously described [ll]
(typical protein contents: 0.1-0.4 mg/ml). The crude protein extracts
were stored freeze-dried, at-20'C until use. Prior to electrophoresis,
the freeze-dried extracts were reconstituted, washed twice with dou-
ble-distilled water and concentrated 3 times using disposable micro-
concentrators (Centricon 3, cut-off: 3,000 D, Amicon, Witten, Germa-
ny). For two-dimensional polyacrylamide gel electrophoresis (2-D
PAGE), 35 pg oftotal protein were applied to a final volume of 90 pl of
2-D PAGE sample buffer [2].

Tw o - Dime ns i o na I E I e c tr op hor e s i s
2-D PAGE was carried out by a procedure slightly modified from

that previously described [12]. All polyacrylamide gels were prepared
from a commercial stock solution containing 30% (wlv) acrylamide
and 0.8% (w/v) methylene-bis-acrylamide (Rotiphorese Gel30, Roth,
Karlsruhe, Germany). The isoelectric focusing step in the first dimen-
sion was performed under native conditions in polyacrylamide rod
gels (diameter 3.0 mm, T : 4.8oA wlv, C:2.60A w/v). Vertical DISC-
SDS-PAGE (second dimension) was carried out under nonreducing
conditions as described, with the exception that the resolving gel con-
tained a lower total acrylamide concentration (l3yo, w/v instead of
l5Yowlv).
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Semi-Dry Blotting
The blotting procedure was based on a modification of the system

described by Khyse-Andersen [3]. For immunodetections, the sep-
arated proteins were transferred to nitrocellulose membranes (0.2 pm,
Schleicher & Schúll, Dassel, Germany) using a Novablot semi-dry
electroblotting apparatus (Pharmacia, Uppsala, Sweden) at 0.8 mA/
cm' for 45 min, as described [12]. A stack of up to 6 polyacrylamide-
gels was blotted simultaneously. For microsequencing of the allergen,
we employed semi-dry electroblotting onto polyvinylidene difluoride
(PVDF) membranes (TiansBlott, Bio-Rad, Munich, Germany) using a
Pegasus blotter (Phase, Lùbeck, Germany) fitted with a glass-carbon
electrode, at 0.8 mA/cm2 for 45 min. The transfer buffer was l0 mM
3-(cyclohexylamino)-l-propane-sulfonic acid, pH 11.0, containing
l0% (v lv) methanol U4, l 5l.

Protein Staining and Immunodetection
The dried nitrocellulose membranes were blocked twice (15 min)

in PBS containing 0.3% (vlv) Tween 20. Human sera and all immuno-
reagents were diluted in PBS containing 0.05% (v/v) Tween 20 and
0.1% (w/v) bovine serum albumin (incubation buffer). Nonspecific
staining of the separated proteins was accomplished by incubating the
nitrocellulose membrane in 0.1% (v/v) India ink (Pelikan, Hannover,
Germany) [6]. In order to identifu the cross-reactive apple allergen,
immunodetections were performed with (l) patients antisera (l:25,
l0 ml); (2) rabbit anti-Bet v I antiserum (l:J000, 35 ml), and (3) the Bet
v I specific MAbs (l:175, 35 ml). Primary antibody incubations were
carried out overnight and followed by a biotin/streptavidin-amplified
immunodetection using horseradish peroxidase as the marker enzyme
and 3,3', 5,5'-tetramethylbenzidine as the substrate [2]. Bound IgE
antibodies were detected with (1) a rabbit polyclonal antihuman IgE
(1:4,000, I h); (2) a goat polyclonal affinity-purified biotinylated anti-
rabbit IgG (l:6,000, lh) (both from Dako, Copenhagen, Denmark),
and (3) streptavidin/horseradish peroxidase (HRP) conjugate
(l:20,000, 20 min) (Medac, Hamburg, Germany). Prior to each incu-
bation step, the blots were washed three times with incubation buffer
(10 min). For detection of rabbit anti-Bet v I antibodies, the anti-IgE
incubation step was omitted. The bound MAbs were detected with rab-
bit biotinylated affinity-purified anti-mouse IgG (l:3,000, I h) (Jack-
son, obtained from Danova, Hamburg, Germany), followedby strepta-
vidin-HRP and the substrate as described.

Edman Degradation
The PVDF membrane containing the apple proteins separated by

2-D PAGE was washed with double-distilled water (30 min), followed
by a total protein stain with 0.1% (wlv) Coomassie Brilliant Blue
(Merck, Darmstadt, Germany) in 50o/o (v/v) methanol (10 min), des-
tained in50Vo (v/v) methanol, again washed with double-distilled wa-
ter, and the membrane was air-dried. Protein spots containing the 18-
kDa apple protein were cut out. Four protein spots were used for the
microsequencing analysis. Microsequencing of the N{erminal amino
acids was performed with a 4T3Apulsed liquid protein sequencer with
an on-line phenylthiohydantoin amino acidanalyzer (Applied Biosys-
tems, Weiterstadt, Germany) U4, 15].

Charactenzation of the l8-kDa Apple
Allergen

- :41
:,éj



Results

Tw o - D imens i o nal E le c tr ophor e s is
The separation of the proteins of our Golden Delicous

apple extract was accomplished by 2-D PAGE followed by
semi-dry electroblotting. The isoelectric focusing (first di-
mension) was performed under native conditions. The SDS-
PAGE of the second dimension was carried out under non-
reducing conditions and no acetylating or alkylating agents
were used. Protein staining of the 2-D nitrocellulose blot
with India ink (fig.1) revealed more than 50 protein spots
with molecular masses between 14 kDa and approximately
80 kDa, most of them having pls between4.3 and 7.1. Only
proteins in the molecular mass region of 40-kDa and one
spot of approximately 15 kDa had pls greater than 7.0 (7.1-
9.0). Many isoprotein spots with identical molecularmasses
but different pls occurred in the molecular mass region
>30 kDa and in the low-molecular-mass region between 14
and 20.1 kDa. The presumed cross-reactive allergen con-
sisted of one intense spot with a molecular mass of approxi-
mately l8 kDa and a pI of 5.5. Since some human sera (in-
cluding serum of patient Bra) with IgE directed against Bet
v I react with a double band of l8 and 16 kDa on l-D immu-
noblots of our Golden Delicious extract 19,l2), four intense
isoprotein spots with molecular masses of 16 kDa and pls
between 4.9 and 5.5 were suspected to be additionar Bet v
I-related allergens (fig. l).

Immunodetection of the Allergen on Two-Dimensional
Nitrocellulose Blots
In order to localize and identifu the cross-reactive apple

allergen, the 2-D nitrocellulose blots were incubated with
the two human sera, the rabbit anti-Bet-v I antiserum, and
the Bet v I-specific MAbs BIP 1 and MAb D. As can be seen
from figure 2aA,IgE antibodies from patient Bra as well as
rabbit antibodies and the two MAbs recognized the l8-kDa
allergen spot, but only MAb D bound exclusively to the 18-
kDa allergen. BIP I showed additional binding to two ofthe
four isoprotein spots of 16 kDa. The rabbit polyclonal anti-
serum reacted to all four l6-kDa isoallergens, and the IgE
antibodies of patient Bra bound to three of the four isoal-
lergen spots. IgE antibodies of the human serum pool Wn
13/32 bound to the l8-kDa allergen, three of the four l6-kDa
isoallergen spots, and showed additional IgE binding in the
molcecular mass region of approximately 35 kDa (result not
shown).

MM [kDa]

67.0 -

/|i|.0-

30.0 -

20.1 -

14.4 -

Fig.1. Protein staining of Golden Delicious apple extract with
0.1% India ink after2-D PAGE and semi-dry electroblotting onto nitro-
cellulose membranes.

Mi cro s equencing Analys is
By microsequencing of four Coomassie Brilliant Blue

stained protein spots of the l8-kDa allergen, 26 N-terminal
amino acid residues could be clearly identified. Table 1
shows the N-terminal amino acid sequences of the apple al-
lergen andof Bel v I (the latter from Breiteneder et al. tlSl).
15126 (62%) of the amino acid residues of the two allergens
are identical. At position 9 of the apple protein, tyrosine and
phenylalanine were simultaneously detected.

Discussion

Since the l8-kDa allergen spot was clearly recognized by
all immunodetection systems on the 2-D PAGE immuno-
blots, the existence of Bet vl-related epitopes on this protein
can be assumed. In addition, the reactivity of MAb .BIp 1',
the rabbit antiserum, and patients' IgE antibodies with the
l6-kDa allergens may indicate the existence of epitopes
cross-reactive to Bet y I on these proteins. Furthermore, mi-
crosequencing revealed similar amounts of phenylalanine
and tyrosine at position 9 of the l8-kDa apple allergen (ta-
ble l). This result probably indicates the presence in our ap-
ple extract of fwo highly homologous isoforms of the 18-
kDa protein having nearly identical pls. According to our
results, microheterogeneity of the apple allergen seems to
be poorer compared to Bet v I of which more then l0 iso-
forms have been found [8, 12,19]. Furthennore, sequence
analysis revealed three consecutive proline residues in posi-

401



MM [kDa]

670-

/(l.0-

300 -

20.1 -

14.4 -

**

l|"
Q

r t r t t t t
43 48 53 5A 63 6.6 71

r t l
75 7.9 83 pH

MM [kDa]

67.0 -

tB .0-

30.0 -

2 4 . 1 -

144 -

î"

r t r t t r l
43 48 5.3 5.8 63 6.6 7.1

l r l
75 7.9 83 pH

MM [kDa]

67.0 -

rao-

30.0 -

20.1 -

144 -

-s*
t t r t t t t t t l

43 4.8 5.3 53 63 6.6 7.1 75 7.9 83 pH

MM [kDa]

67.0 -

430-

30.0 -

20 .1 -

14.4 -

l t l
4.3 4.8 53

t t t t t l l
5.8 63 6.6 7.1 7 5 7.9 8.3 pH

Fig.2. a. Reactivity of IgE antibodies of serum from patient Bra with the 2-D PAGE. On l-D SDS-PAGE immu-
noblots the IgE antibodies ofpatient Bra recognize exclusively Bet y I from birch pollen extract and the l8-kDa allergen
from Golden Delicious apple extract. Serum dilution: l:25.b 2-D PAGE immunoblot of Golden Delicious apple extract
with rabbit polyclonal anti-Bet v I antiserum, diluted l:2000. c 2-D PAGE immunoblot of Golden Delicious apple
extract with mouse monoclonal anti-Bet v I antibody BIP 1, culture supernatant diluted l:175. d 2-D PAGE immunoblot
of Golden Delicious apple extract with mouse monoclonal anti-Bet v t antibody MAb D, culture supernatant diluted
l : 1 7 5 .

tions 14-16, an uncommon sequence which is not present in
Bet v I. However, confitmation analysis of an l8-kDa aller-
gen from Granny Smith apples revealed the same sequence
(result not shown). Cross-reactivity studies of birch pollen
and plant food allergens which have been performed by
RAST/EAST inhibition as well as by immunoblot and im-
munoblot inhibition suggest that all allergenic determinants
of the vegetable foods are present in birch pollen but that
only some determinants of the birch pollen allergens are
present in fruits and vegetables [5-8, 10,20].In accordance
with Ebner et al. [8] this view is fuither supported by our

MAb immunoblot studies: of seven anti-Bet v I MAbs tested
so far, only two (BIP I from Prof. D. Kraft, Venna, Austria,
and MAb D from AllergophaÍma, Reinbek, Germany) rec-
ognized the l8-kDa allergen on apple immunoblots [10, and
additional unpublished resultsl.

On the basis of the 26 N-terminal amino acid residues, a
sequence identity of 620A between Bet v I and the apple al-
lergen was calculated. In addition,3126 residues of the two
proteins are similar (pos. 3: TyrlPhe, pos. 5: Phe/Tyr, pos. 23
Val/Ile). Therefore, identical as well as nonrelated epitopes
may be present on the two allergens. Anamnesis data of the

Characteization of the I 8-kDa Apple
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Table 1. N-terminal amino acid sequenc-
es of the 1 8-kDa apple allergen and of Bet v I Position I Position 5 Position l0

Apple
Betv I [ I8 l

Gly Val
Gly Val

Tlr Thr Phe Glu
Phe Asn Tlr Glu

Asn Glu Tyr/Phe' Thr
Thr Glu Thr Thr

Position I I Position 15 Position 20

Apple
Betvl

Ser Glu Ile
Ser Val Ile

Arg
Arg

Pro
Pro

Pro Pro
Ala Ala

Leu Phe
Leu Phe

Lys
Lys

Position 2l Position 25

Apple
BetvI

Ala Phe Val Leu
Ala Phe lle Leu

Asp
Asp

AIa
Glv

' Both amino acids were clearly detected in position 9, see text.

patients allergic to birch pollen who participated in our pre-
vious and current studies show that the sensitization pat-
terns to various apple strains and to different kinds of fruits,
nuts and vegetables are highly individual. Many different
combinations of food hypersensitivities within the cluster
of birch-pollen-related foodstuffs occur. Furthermore, our
extended immunoblot and immunoblot inhibition studies
with allergic patients' sera, rabbit antisera and MAb suggest
that proteins which share cornmon epitopes with Bet y I are
widely distributed in plant foods (e.g. in pears, cherries,
plums, hazelnuts, celery carrots and some spices [J 10, and
additional unpublished results]). other authors report simi-
lar results for immunoblot studies which partly deal with
some different plant foods [4, 8, 22]. Most of the pollen-
related food allergens have molecular masses between 14
and20 kDa. To some extent, the observed cross-reactivity
between various pollen species and plant foods is due to
profilin which was recently identified as a novel plant pan-
allergen 121,23,241.

The observations mentioned above support the assump-
tion that a considerable part of the birch-pollen-related food
hypersensitivities is caused by a family of low-molecular-
mass allergens with a high degree of sequence identity to
Bet v I, all of them probably belonging to a group of 'patho-

genesis-related proteins' [8, l8]. variation in the sensitiza-
tion patterns of individual patients may be due to minor se-
quence variations befween the Bet v I-related food aller-
gens. Further work is in process to confirm this hypothesis.
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