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Low-temperature, acetone powder extracts were prepared from mature
fruit of 16 apple strains, SDS-PAGE and immunoblot analysis revealed
great variation in the relative amounts ofthe 18-kDa apple allergen in these
extracts, EAST (RAST) scores, measured with individual and pool sera
from patients allergie to bireh pollen and apples, ranged from 0,2 to 4,0 and
were related to the relative amount ofthe 18-kDa protein. These findings
were confirmed by ELISA-inhibition assays, dose-related histamine release,
semiquantitative evaluation of immunoblots by absorption/reflection
densitometry, and skin prick tests with extracts of Golden Delicious,
Boskoop, and Jamba apples (eorresponding to a high, low, and very low
18-kDa allergen content). Additional open oral challenge tests were
performed with two apple-allergic patients and 15 and 16 apple strains.
With all methods, the deduced allergenic potency decreased in the following
order: Golden Delicious> Boskoop> Jamba, Therefore, we concluded
that the IgE-binding potency of apple strains depends on the occurrence of
the 18-kDa allergen.
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Apples are known to be common sources of food
allergens which cause mainly oropharyngeal symp-
toms (14). Apple allergy is closely associated with
type I allergy to birch pollen, to a wide variety of
other fruits and vegetables, and especially to hazel-
nuts (4, 6, 7, 9, 13, 16), The term "birch-pollen-
related food allergy" (BPRF) can be used for this
phenomenon. The observed clustering of hypersen-
sitivities is due to immunologic cross-reactions be-
tween food and pollen proteins (2, 6, 8, 9, 11, 17),
Bet V 1, the major allergen of birch pollen, shares
allergenic epitopes with a 17-18-kDa protein of
Golden Delicious apples, with an 18-kDa protein
from hazelnuts (6, 9), and with allergens of similar
moL mass in pears (20). Homology of Bet v I and the
cross-reacting apple allergen could also be shown at
the nucleic acid level by Northern blotting (6). Fur-
thermore, on the basis of computer-aided sequence
analysis on the DNA and protein level, the authors
concluded that Bet v I and the cross-reacting pro-
teins in fruit belong to a group of "pathogenesis-
related proteins", being expressed in birch pollen
and fruit. Such tissues are of low metabolic activity

but may be exposed to various stress conditions; in
particular, microbial attack. By immunoblotting,
Ebner et al. (6) were also able to demonstrate that
81 sera of patients with IgE against Bet v I also
showed IgE binding to the 17-18-kDa apple aller-
gen. Minor apple allergens of low mol. mass (about
13 kDa) were recognized by only 8.4% ofthe 84 sera
under study. In a previous investigation, we con-
firmed these results by IgE immunoblotting with sera
from patients with BPRF (18). Additionally, we
found frequently occurring allergen bands of higher
mol. mass of 30-50-kDa and moderate IgE reactiv-
ities to apple extracts with a very low amount of the
18-kDa allergen. Furthermore, patients suffering
from BPRF frequently report that the severity of
symptoms is strongly dependent on the apple vari-
ety ingested and on the degree of maturity. There-
fore, the aim of our present investigation was to
study the IgE-binding potency of different apple
strains with regard to the occurrence ofthe 18-kDa
apple allergen and to confirm the results of our im-
munoblot analyses by increasing the number of
samples.
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Material and methods

Patient sera

Allergy diagnosis was performed in the medical units
which participated in the study; it was based on
anamnesis, skin prick test (birch pollen), scratch test
(with Golden Delicious or Granny Smith apples),
and RAST class determination to birch pollen (Phar-
macia). All patients suffered from oropharyngeal
symptoms after ingestion of "green" apples (mostly
Golden Delicious or Granny Smith). lEAST class
determinations with Golden Delicious allergen disks
were performed in our laboratory. Only sera with
EAST/RAST classes of > 2.5 to birch pollen and of
>2.0 to Golden Delicious were used for the study.
The positive pool sera ILC-1 (" = 4) and Wn 13/32
{n = 1) were prepared from individual sera with
EAST classes > 3.0 to birch pollen and Golden De-
licious; they were used for FLISA inhibition experi-
ments and for the determination of EAST classes to
the apple varieties under study. The individual sera
of these patients were not included in the further
investigation. Negative control sera were from non-
atopic subjects, including negative pool sera ILC-0
(« = 4) and Wn 13/26 {n = l) and serum from an
atopic patient with a RAST class of 3.0 to grass
pollen and no history of food hypersensitivity. The
sera were collected at the Klinik Borkum Riff der
BfA, Borkum, Germany (Dr H. Aulepp), the Deut-
sche Klinik fur Diagnostik, Wiesbaden, Germany
(Dr CI. Thiel), and the Technische Universitat Ber-
lin, Occupational Health Service, Berlin, Germany
(Dr S. Berten).

Eruit extracts

Mature apples were harvested in the research field
ofthe Institute of Fruit Culture, Technische Univer-
sitat Berlin (Prof. Dr P. Ladders). Additional
samples of mature apples were either purchased at
the local market or obtained from private fruit grow-
ers. Protein extracts were prepared by a low-
temperature, acetone powder method, as previously
described (19), and stored freeze-dried at -20°C
until use. The total amount of protein was deter-
mined by a modified Bradford assay (19). Protein
concentrations of the apple extracts were typically
100-400 )ag/ml. Sixteen apple varieties were selected
for the study: Alkmene, Altlander Pfannkuchenapfel,
Apollo, Boskoop, Braeburn, Cox Orange, Ellison's
Orange, Gloster, Golden Delicious, Granny Smith,
Hammerstein, Jamba, Jonagold, Macoun, Prime
Rouge, and Sternrenette. Commercial prick test so-
lutions were obtained from Abello (Bornheim, Ger-
many), ALK (Copenhagen, Denmark), AUergo-

pharma (Reinbek, Germany), and Bencard (Neuss,
Germany).

Oral challenge tests

Open oral challenge tests were performed with
samples of all 16 apple strains. Small pieces (10 g)
of the apple samples from which extractions were
subsequently made were ingested by three members
of our laboratory staff who also participated in the
histamine-release assay. Patients Scho and So were
allergic to birch pollen and experienced itching and
swelling of the lips, tongue, and throat after eating
fresh Golden Delicious and Granny Smith apples.
Patient Spe was allergic to grass pollen and had no
history of food allergy (for serologic data and skin
test results, see Table 2). The severity of symptoms
after oral challenge was scaled in four classes rang-
ing from no symptoms ( - ) to very strong symptoms
(-I- + -I-). On one day, not more than two positive
challenge tests were performed. If no symptoms oc-
curred in the apple-allergic patients, rechallenge with
selected apple strains was performed with a greater
amount of" sample (150 g or one small apple). For
practical (e.g., a relatively high number of̂  challenge
test dates which were dependent on the times of
ripening, since only mature apples were used for
extraction) and ethical reasons, the number of par-
ticipants of the challenge tests could not be in-
creased.

Skin tests

Skin tests were performed by the prick test method
on the forearms with low-temperature extracts of
mature apples (Golden Delicious, Boskoop, and
Jamba), diluted 1:10 with distilled water and the four
commercial prick test solutions. Histamine (0.1%)
and NaCl (0.15 M) served as positive and negative
controls. The average diameter of each wheal was
estabhshed by measuring the longest diameter and
the diameter perpendicular to it. Positivity was rated
3 -I- in the presence of a wheal with a diameter greater
than the average diameter of the wheal induced by
histamine, 2 + if the average diameter was the same
as the average of the histamine wheal, and 1 + if the
average diameter exceeded half of the average diam-
eter of the histamine wheal. The positive patient
group consisted of 11 subjects (four men and seven
women) with hypersensitivity to birch pollen and
apples. Most of them suffered from allergies to other
fruit, nuts, and vegetables. The negative control
group consisted of 12 subjects (seven men and five
women), including seven nonallergic subjects and
five atopic persons without food hypersensitivity
(four patients allergic to grass pollen, and one pa-
tient with atopic dermatitis).
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RAST class determinations

Commercial filter paper disks {d=6 mm, no. 589/3,
Schleicher & Schull, Dassel, Germany) were acti-
vated with cyanogen brotnide according to Ceska &
Lundkvist (3). Apple proteins were coupled to the
activated disks as previously described (19), with
2 ng of protein per disk and a protein concentration
of 12 |ig/ml in the coupling solution. RAST classes
were determined by a commercially available ELISA
(EAST) containing a monoclonal anti-IgE alkaline
phosphatase conjugate and /?-nitrophenylphosphate
(PNPP) as the substrate, according to the manufac-
turer's instructions (Allergopharma, Reinbek, Ger-
many). Absorbances were measured at 405 nm, and
the reference system of the manufacturer was used
for quantitation. The results were expressed in EAST
classes (RAST classes) with one decimal place.

ELISA-inhibition assays . ,

Patients' sera were diluted 1:5 or 1:10 in 0.05 M Tris
bufl'er, pH 7.4, containing 0.15 M NaCl, 0.3% (w/v)
bovine serum albumin (BSA), and 0.1 % (v/v)Tween
20 (TBS/BSA/Tween). A 10-fold dilution series of
the inhibitor extracts was prepared (five steps) in the
same incubation buffer. Volumes of 50 î l diluted
serum and 50 |il inhibitor solution were added to an
allergen disk and incubated overnight at room tem-
perature. After three washes with 0.15 M NaCl/
0.1% (v/v) Tween 20, 100^1 goat affinity-purified
anti-IgE alkaline phosphatase conjugate (Tago, Bur-
lingame, CA, USA; code no. 2494, lot no. 1601),
diluted 1:10 000 in TBS/BSA/Tween, was added and
incubated overnight. The disks were washed again,
and the bound enzymatic activity was stained with
PNPP for 3 h at 37°C with an alkahne phosphatase
staining kit (Bio-Rad, Munich, Germany). Absor-
bance was measured at 405 nm.

Since the amount of protein in the fruit extracts
was not standardized, the allergenic activity of the
inhibitor extracts was characterized by calculating
the absolute amount of protein (ng) causing 50%
inhibition of IgE binding (Csy) (17).

SDS-PAGE

SDS-PAGE was performed according to the
method of Eammli (12) in a twin vertical slab gel
apparatus (Renner, Dannstadt, Germany) with 5%
stackitig gels and homogeneous 13% resolvitig gels,
as previously described (18). Protein samples were
reduced with P-mercaptoethanol and loaded on the
gel at a concentration of 14 [ig/cm (5.5-cm prepara-
tive slots for subsequent immunoblotting and 0.5-ctTi
analytic slots for total protein staining). For silver
staining, 4-6 |ag/cm of protein was apphed.

Protein transfer and immunoblotting

Semidry electroblotting of the separated allergens
and immunostaining of the bound IgE-antibodies
were done by a procedure slightly modified from that
previously described (18). After protein transfer onto
nitrocellulose (NC) (0.2 nm, Schleicher and Schull,
Dassel, Germany), the dried NC membranes were
blocked with 0.3% (v/v) Tween 20 in 0.01 M potas-
sium phosphate buffer, pH 7.4, containing 0.15 M
NaCl (PBS). Human sera and all immunochemicals
were diluted with 0.01 M PBS/0.05% (v/v) Tween
20/0.1% (w/v) BSA (incubation buffer). Each incu-
bation step was followed by three washes with 0.05 %
(v/v) Tween 20 in 0.01 M PBS. Cut NC strips
(4 mm) were incubated overnight at room tempera-
ture with 150 |il human serum, made up to 1 ml with
incubation buffer, in disposable mini-incubation trays
(Bio-Rad, Munich, Germany). After incubation with
rabbit anti-IgE (1:4000, 1 h), goat biotinylated anti-
rabbit IgG (1:6000, 1 h, both from DAKO, Copen-
hagen, Denmark), and streptavidin horseradish
peroxidase conjugate (1:20000, 20 min; Medac,
Hamburg, Germany), the blots were stained with
3,3',5,5'-tetramethylbenzidine/dioctyl sodium sulfo-
succinate (TMB/DONS). To check the efficiency of
the protein transfer, a total protein stain of one NC
strip with separated apple extract and low mol. mass
tnarker proteins (Pharmacia, Ereiburg, Germany)
was done with amido black.

Semiquantitative evaluation of immunoblots by reflec-
tion densitometry

After simultaneous development, stained immuno-
blots were scanned with a CS 930 dual-wavelength,
thin-layer chromatoscanner (Shimadzu, Duisburg,
Germany) in the dual wavelength absorption/
reflection mode at 370 nm (tneasuring wavelength)
and 500 nm (reference wavelength).

Histamine-release assays

Peripheral blood (20 ml), anticoagulated with ethyl-
enediaminetetraacetic acid (EDTA), was separated
by dextran sedimentation and the leukocyte fraction,
including the basophils, was washed once with 35 ml
0.025 M piperazine-A',A '̂-Z?/.s'-(2-ethanesuIfonic acid)
buffer, pH 7.4, containing 0.11 M NaCl, 0.05 M KCl,
0.003% human serum albumin, and 4 mM EDTA
(PIPES A/EDTA), and once with pure PIPES A.
The cells were resuspended in PIPES A/1 mM
CaCl2/0.25 mM MgClj (PIPES ACM) (10). A 250-|.il
volume of a 10-foId serial dilution (1:10-1:100000)
ofthe allergenic extracts in PIPES ACM was added
to 250 \x\ of the cell suspension and incubated at
37 °C for 30 min. Released histamine was extracted
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with 1-butanol, reacted with o-phthaldialdehyde, and
determined automatically by fluorescence photom-
etry according to the method of Siraganian & Hook
(15). The spontaneous histamine release (HR) was
determined by incubating cells in buffer alone. Total
histamine content was assayed in a cell suspension
treated with 3% perchloric acid. IgE-mediated HR
was checked by addition of anti-IgE (400 U/ml).
The potency of the fruit extracts was quantified by
estimating the protein concentration corresponding
to a 30% HR (C30) from the resulting dose-release
plots in )ig protein/ml fruit extract dilution (cell sen-
sitivity).

Results
SDS-PAGE

Extracts of the selected 16 apple strains, all from
mature fruit, were submitted to SDS-PAGE, and
the resulting gels were silver stained. All extracts
produced intensive protein patterns with up to 30
individual bands. Somewhat weaker protein pat-
terns were obtained with the apple extracts of lower
"allergenicity" (i.e., Jamba or Gloster; see below).
The presence ofthe 18-kDa apple protein band and
a subjective estimation of its intensity are summa-
rized in Table 1. For example. Fig. 1 shows SDS-
PAGE analyses of apples with high (lanes 1-4, 6),
moderate (lane 7), and very low contents (lanes 8, 9,
11) ofthe 18-kDa protein.

To check the reproducibility of our results, four
samples of Granny Smith apples and three samples
of Boskoop apples from different sources (Granny
Smith: samples Al (Chile) and A27 (France), pur-
chased at the local market; A15 (Italy), "organically
grown", purchased in a local health food shop; A17
(Germany), grown in the research field of the Insti-
tute of Fruit Culture, Berlin; Boskoop: sample A12,
obtained from a private grower, Germany; A13
(Germany), purchased at the local market; A16
(Germany), "organically grown", purchased in a
local health food shop) were extracted and analyzed.

Table 1. Occurrence of 18-kDa apple protein band in iow-temperature extracts of 16
appie strains. Bands were classified by relative intensity after silver staining of SDS-
PAGE gels

Relative amount of the 18-kDa protein band

High Medium Low Very low

Granny Smith
Golden Delicious
Jonagold
Braeburn
Prime Rouge
Cox Orange
Apollo

Sternrenette
Alkmene

Boskoop Jamba
Macoun
Ellison's Orange
Gloster
Altlander
Hammerstein

All Granny Smith apples contained the 18-kDa pro-
tein, whereas in the Boskoop samples the allergen
band could not be detected by SDS-PAGE and
silver staining (results not shown).

EASE class determinations

IgE binding to Golden Delicious, Granny Smith,
and Boskoop allergen disks was examined for seven
individual sera of patients allergic to birch pollen
and apples, the pool serum Wn 13/32 and the nega-
tive pool serum Wn 13/26 (Fig. 2). The "positive"
sera revealed high EAST classes between 2.0 and
4.0 to Golden Delicious and Granny Smith, whereas
the corresponding classes with the Boskoop disks
were generally lower with all sera (0.7-2.8). No IgE
binding was observed for the negative control serum.

Specific IgE to all of the 16 apple strains was
determined in three sera: the positive pool sera ILC-1
and Wn 13/32 and serum from patient Bra. IgE
antibodies of patient Bra bound strongly to the 18-
kDa apple allergen and to a protein band of about
15-16 kDa. The resulting EAST classes are pre-
sented in Fig. 3. The results agreed closely for the
three sera, but strong differences in the IgE binding
to the various apple strains occurred (EAST classes
of 0.2-4.0).

(kDa)

-14.4

9 10 11

Fig. I. SDS-PAGE analyses of apple extracts. Protein bands
were made visihie hy silver staining. Lane 1: Apollo, lane 2: Brae-
burn, lane 3: Granny Smith, lane 4: Golden Delicious, lane
5: LMW marker, lane 6: Prime Rouge, lane 7: Sternrenette, lane
8: Jamba, lane 9: Boskoop, lane 10: LMW marker, lane 11: Alk-
mene.
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Fig. 3. Results of EAST to 16 apple varieties for pool sera Wn
13/32, ILC-1, and serum from patient Bra.
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Fig. 2. Results of EAST to Golden Delicious, Granny Smith, and
Boskoop apples for seven individual sera of patients allergic to
birch pollen and apples, birch/apple-positive pool serum Wn 13/
32, and negative control pool serum Wn 13/26 (NA).

ELISA inhibition experiments

Inhibition assays were done to determine the aller-
genic potency of the apple varieties. Golden Deli-
cious allergen disks were incubated with pool sera
Wn 13/32 (1:5) and ILC-1 (1:10). Boskoop, Brae-
burn, Ellison's Orange, Jamba, Golden Delicious,
and ovalbumin (control) were used as the inhibitors.
The resulting inhibition graphs with the ILC-1 serum
are presented in Fig. 4.

The absolute amounts of protein which caused a
50% inhibition of the IgE binding were 0.12 î g
(Golden Delicious and Braeburn), 0.71 |ag (Ellison's
Orange), and >1 \xg (Jamba) with the ILC-1 serum.
C50 amounts of 0.36 î g (Golden Delicious) and
2.0 |ig (Boskoop) were obtained with pool serum
Wn 13/32. No significant inhibition was observed
with ovalbumin. Birch pollen extract typically re-
vealed C50 amounts of 0.01 ^g with the sera/allergen
disks used, indicating its high allergenic activity and
cross-reactivity in patients with BPRF (17, 19). The
results of the inhibition assays agreed closely with

the direct IgE binding to the apple varieties observed
by EAST class determination.

In vitro histamine release

The immunologic properties of our apple extracts
were further evaluated by measuring the in vitro HR
capacity from washed blood basophils. Blood

Golden Delicious - EAST

% Inhibition

100-1

Pooi serum: iLC-1

40 -

20 -

10° lo"

inhibitor:

D Ovaibumin

• Jamba

t> Braeburn C^Q =0.12gg

+ Deiicious C50 =0.12ijg

ni of aliergenic extract

Fig. 4. ELISA-inhibition experiments with Golden Delicious al-
lergen disks and pool serum ILC-1 (1:10), performed to quantify
allergenic potency of apple strains.
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samples were taken from three atopic donors: pa-
tients Scho and So, both allergic to birch pollen,
apples, nuts, and several other fruit, and patient Spe,
who was allergic only to grass pollen. Additional
patient data are summarized in Table 2. Protein con-
centrations causing 30% HR (C30) as well as the
total HR resulting from incubation with anti-IgE
(400 U/ml) were calculated (Table 3).

The basophils ofthe apple-allergic patients showed
a strong dose-related HR with Golden Delicious
apples (results not shown). The C30 concentrations
of Boskoop and Jamba apples were significantly
higher because of a lower allergenic potency. HR
was negative with basophils from the atopic patient
Spe (control). The results of anti-IgE incubation in-
dicated that all three participants were responders.
The allergenic potency of the extracts, expressed in
terms of C,,, concentrations, agrees with the results
ofthe ELISA-inhibition experiments.

In addition, we examined the HR capacity of a
commercially available prick test solution ("apple",
Bencard, Neuss, Germany) with cells from patient
Scho. No significant HR was obtained, indicating
that active apple allergens were not present (results
not shown).

Immunoblotting

To confirm the observation that, in comparison with
literature data (6), our apple extracts contained more
IgE-reactive minor allergens, NC strips with sepa-
rated Golden Delicious and Granny Smith apple
allergens were incubated with sera of >20 patients
with apple hypersensitivity. The binding frequencies
of IgE antibodies from these sera to apple allergens
of diflferent mol. mass are shown in Eig. 5. Note that
the intensity of IgE binding cannot be recognized
from the figure. On Granny Smith immunoblots,
seven individual apple allergens were recognized by
more than 10/1 ofthe sera.

Tabie 2. Patient data of participants of histamine-reiease assay

Table 3. 30% histamine-reiease concentrations (jig of protein/mi ailergenic extract di-

iution) and totai histamine release caused by anti-igE incubation (400 U/ml)

Patient;

EAST classes

Birch poiien

Goiden Deiicious

Grass poiien

Oral symptoms after ingestion of

Golden Delicious

Boskoop

Jamba

Skin test results

Goiden Delicious

Boskoop

Jamba

Scho

3.9 .
2.4
0

So

3.0
2.9
0

Spe

0
0
2.9

- -

- -

Patient;

Allergenic extract

Golden Deiicious

Boskoop

Jamba

Anti-IgE

Scho

0.003
0.29
2.4

36%

So

0.07
0.32
7.0

48%

Spe

- -

26%

Frequency of IgE binding
to separated apple allergens

on immunoblots

Delicious: n = 23

Granny n= 29

% of sera
r- 100

- 75

- 50

Granny

Delicious

Fig. 5. Frequeticy of IgE binding to separated Golden Delicious
and Granny Smith allergens for sera of 23/29 patients allergic to
birch pollen and apples.

Although both apple strains (Golden DeHcious
and Granny Smith) are strongly allergenic and pro-
duced similar EAST classes with most of the posi-
tive sera (Eigs. 2 and 3), the resulting IgE-binding
patterns were significantly different (Fig. 5). More
than 50% ofthe sera revealed strong IgE reactivities
to the 18-kDa allergens of both apple extracts.

The allergen patterns of apples with different al-
lergenic potency were studied by immunoblotting
with Golden Delicious and Boskoop extract and the
positive sera which were used for EAST class de-
terminations (Eig. 2). The resulting IgE-binding pat-
terns are presented in Eigs. 6A and B. Two indi-
vidual sera from nonatopic donors served as negative
controls (lanes 9 and 10).

Seven ofthe eight positive sera demonstrated IgE
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Golden Delicious

m
Boskoop

kDa

67.0

43.0

30.0

20.1

14.5

kDa

67.0

43.0

30.0

20.1

14.5

Fig. 6. IgE-binding patterns to extracts of Golden Delicious (A)
and Boskoop (B) apples, separated by SDS-PAGE and trans-
ferred to NC. Human sera: 1 birch pollen pool Wn 13/32, 2 Bia,
3 Kro, 4 So, 5 Ku, 6 Au, 7 Se, 8 Bfa, 9-10 nonallergic control
sera. C control (incubation buffer instead of human serutii).

binding to the 18-kDa Golden Delicious apple al-
lergen. In addition, all positive sera recognized more
than one allergen. No IgE reactivity appeared in the
18-kDa region of Boskoop extract, but six of the
eight positive sera bound to allergens of higher and
lower mol. mass (Fig. 6B). Since staining of Golden
Delicious and Boskoop immunoblots was not
stopped simultaneously, the band intensities of
Figs. 6A and B cannot serve as a criterion for quan-
titative IgE binding to the different apple strains.

Evaluation of immunoblots by reflection densitometry

For more objective comparison ofthe allergen band
intensities, immunoblots of Golden Delicious, Bosk-
oop, and Jamba apples were incubated with the pool

serum Wn 13/32, and developed and stopped simul-
taneously, and the band intensity was scanned. Simi-
lar amounts of protein were loaded on the gels, sepa-
rated, and transferred to NC membranes. Amido
black staining of cut NC strips for total protein
yielded patterns of similar intensities for the three
apple strains. The obtained absorption/reflection
graphs are presented in Fig. 7.

Again, the Golden Delicious strain produced the
strongest reaction with patients' IgE antibodies. The
18-kDa band and more than five "minor" allergen
bands of high intensity were detected. The allergen
bands were clearly weaker on the Boskoop and
Jamba immunoblots. A very weak allergen band in
the 18-kDaregion appeared on theBoskoop immuno-
blot.

Skin prick tests

Skin prick tests (SPT) with Golden Delicious ex-
tract were positive in all patients with apple hyper-
sensitivity (minimum 1 + ). Ofthe apple-positive pa-
tients, 4/11 (36%) had a positive prick test to
Boskoop extract, whereas the SPTs with the Jamba
strain were negative in all patients with apple allergy.
In addition, no patient reacted to any of the four
commercial apple prick test solutions. All SPTs were
negative in the members of the control group. In
general, the patients presented a positive skin reac-
tion to histamine and a negative one to the NaCl
control.

Oral challenge tests

The evaluation of symptoms by the two apple-allergic
patients after oral challenge with 10 g fresh apple
tissue was nearly identical: (+ + -(-) symptoms were
provoked by Golden Delicious, Granny Smith, Jon-
agold, Braeburn, Prime Rouge, and Apollo (excep-
tion: patient So was not challenged with the Prime
Rouge variety). Cox Orange elicited (+ -i-) symp-
toms in patient So and (+ + +) symptoms in pa-
tient Scho. Sternrenette, Alkmene, Boskoop, and
Ellison's Orange produced moderate (+ ) symptoms
in both patients. Jamba, Macoun, Gloster, Altlander
Pfannkuchenapfel, and Hammerstein were tolerated
by the patients. Rechallenge experiments were con-
ducted with one small apple (150 g) for three apple
strains (Jamba, Macoun, and Altlander Pfann-
kuchenapfel), which were again tolerated by the pa-
tients. All challenge tests were negative with the
"control" patient Spe.

Discussion

In a recent study, Ebner et al. (6) clearly demon-
strated that a 17-18-kDa protein is an important
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Detection of separated apple allergens by
immunoblotting

Human serum: birch pollen pool Wn 13/32 (n=7)
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Fig. 7. Evaluation of simultaneously developed Golden Delicious, Boskoop, and Jamba apple immunoblots by refiection densitometry.
Human serum: pool serum Wn 13/32. Negative eontrol (use of incubation buffer instead of human serum) for Golden Delicious im-
munoblots is shown.

allergen in Golden Delicious apples and that this
protein shares common epitopes with Bet v I, the
major allergen of birch pollen. The cross-reacting
fruit and pollen proteins probably belong to a group
of "pathogenesis-related proteins" the function of
which is unknown. To our knowledge, the IgE-

binding properties of various apple strains previ-
ously have been studied with five (1) and two (5)
apple strains only with RAST. Golden Delicious,
Granny Smith, and Ingrid Marie apples were found
to be highly allergenic. However, in our present in-
vestigation, we studied the IgE-binding potency of
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16 apple strains with regard to the occurrence ofthe
18-kDa allergen, assuming that the genes coding for
the 18-kDa proteins of apples are constitutively tran-
scribed and translated in the fruit. Our finding that
Granny Smith and Boskoop apples from different
sources contained, in general, high (Granny Smith)
or low (Boskoop) relative amounts ofthe 18-kDa
protein supports this view. Furthermore, in an ex-
tended study, we were able to show that increased
synthesis ofthe allergen occurred during ripening of
Golden Delicious apples, but not in the Boskoop
strain (21). From these data, it may be concluded
that the capability of allergen synthesis depends on
the apple strain.

Seven ofthe 16 apple strains studied (44%) con-
tained considerable amounts ofthe 18-kDa protein
(Table 1, Fig. 1) and had a high IgE-binding capac-
ity in the EAST (EAST classes of > 3 with the sera
used). The six apple varieties with a very low rela-
tive amount of the 18-kDa protein also produced
low EAST classes (<2). Confirmation experiments
were conducted with three apple strains with differ-
ent relative amounts ofthe 18-kDa allergen: Golden
Delicious, Boskoop, and Jamba, corresponding to
a high, low, and very low 18-kDa allergen con-
centration. The results of the EEISA-inhibition
and histamine-release assays, as well as the skin
test results, agreed closely and were further con-
firmed by the absorption/refiection densitometry
measurements of simultaneously developed immuno-
blots. All methods revealed that the allergenic activ-
ity decreased in the following order: Golden
Delicious> Boskoop> Jamba. Therefore, we con-
cluded that the IgE-binding potency of apple
strains is related to the occurrence of the 18-kDa
allergen.

Additional open oral challenge tests were per-
formed with the three participants of the histamine-
release assay. The degree of symptoms produced by
the different apple strains agreed closely with the
results ofthe in vitro studies and the skin prick tests,
with the exception of Ellison's Orange which pro-
duced EAST classes of <2.0 but elicited moderate
symptoms in the two apple-allergic patients. Since
the ELISA inhibition potency of Ellison's Orange
was approximately 10 times that of Jamba, which
produced higher EAST classes, difficulties in the
allergen disk preparation might have led to an un-
derestimation of the allergenic potency of Ellison's
Orange extract from direct IgE binding in the EAST.
However, the symptoms were much less severe than
for highly allergenic varieties such as Golden Deli-
cious and Granny Smith. Since only two allergic
patients were studied, general conclusions on the
degree of symptoms produced by the different apple
strains cannot be drawn from these experiments.
For this, challenge tests with an increased number of

patients and selected apple varieties would be re-
quired.

Interestingly, five of the seven "highly allergenic"
apple strains are very common on the German mar-
ket (Braeburn, Cox Orange, Golden Delicious,
Granny Smith, Jonagold). In contrast, most of the
"low allergenic" apple strains are of minor economic
importance in Germany (i.e., Altlander, Ellison's
Orange, Hammerstein, Macoun). It is tempting to
speculate that properties which make an apple strain
suitable for intensive agricultural and commercial
use (resistance to microbial attack?) depend on the
presence ofthe 18-kDa allergen. Possibly, new "low
allergenic" apple strains may be developed by fruit
cultivation. In addition, our results may help pa-
tients with moderate apple hypersensitivity and per-
sons sensitized only to birch pollen to select apple
varieties which cause no symptoms or to minimize
the risk of developing apple hypersensitivity.

In contrast to the findings of Ebner et al. (6), who
identified only two important allergens in extracts of
Golden Delicious apples, both with mol. mass below
20 kDa, our immunoblot studies revealed the exist-
ence of up to seven important allergen bands of mol.
mass of 12-67 kDa in various apple varieties (Golden
Delicious, Granny Smith, Boskoop). Considering
especially our results with Boskoop apples, we be-
lieve that these bands do represent allergens, for the
following reasons. Apples of this strain contain only
low amounts of the 18-kDa allergen; immunoblot
analyses revealed nearly negligible IgE reactivities in
the 18-kDa region, but up to six allergen bands in the
region of 30-67 kDa (i.e.. Fig. 6B, lane 1). Further-
more, EAST classes of up to 2.8, positive histamine-
release assays, and skin tests were obtained with
Boskoop extract in this study. In addition, the two
apple-allergic patients who participated in the HR
reported moderate symptoms after the ingestion of
Boskoop apples. These findings support our view
that the allergenic potency of these apples which we
quantified as "medium" is mediated by the 30-
67-kDa allergen bands. Possibly, the association
constant of patients' IgE to these proteins is rela-
tively low, as compared with the 18-kDa allergen of
other apple strains. The observed differences from
the results of other authors may be due to the com-
position of the allergenic extracts: Ebner et al. ap-
plied the Bjorksten method (1), whereas we used a
low-temperature, acetone powder method (19). The
infiuence of extract quality can clearly be recognized
from the skin test results. Although it has been
known since 1980 that the preparation of active apple
extracts requires special methods, the four commer-
cially available prick test solutions were unreliable
for the diagnosis of apple allergy.

In addition, the results of HR may also refiect the
high activity of our acetone powder extracts. In a
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recent study, Kleine-Tebbe etal. investigated the
dose-related HR in birch-pollen-allergic patients with
and without fruit hypersensitivity, using Granny
Smith extract prepared by the Bjorksten method
(10). In basophils from the fruit-sensitive patients, a
30% HR was elicited by about 1 ng/ml of protein
from apple peel and apple pulp. In contrast, 0.003
and 0.07 |ag/ml protein of our Golden Delicious ex-
tract triggered a 30% HR in the two participants of
the HR assay reported in this paper. It might be
interesting to determine whether stable prick test
solutions of apples and other fruit can be established
on the basis of our acetone powder extracts.
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