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Identification of Cucumisin (Cuc m 1), a subtilisin-like endopeptidase, as the major
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Summary

Background Allergenic components in melon extracts have not been described in spite of the fact
that melon (Cucumis melo) is a frequent allergy-eliciting fruit. The aim of this study was to evaluate
allergenic components in melon extract and to report the identification of cucumisin as a major
melon allergen.

Materials and methods ~Sera from 35 patients allergic to melon were selected on the basis of clinical
symptoms, skin prick tests and oral challenge test. Allergenic components were detected by sodium
dodecyl sulphate polyacrylamide gel electrophoresis and immunoblotting. Molecular characteriza-
tion of IgE-binding bands was performed by N-terminal amino acid sequencing.

Results  More than 10 IgE-binding bands, between 10 and 80 kDa, were identified in melon extract.
Out of them, four IgE-binding bands were major allergens: 14 kDa, 36 kDa, 54kDa and 67 kDa.
These major allergens, except 14 kDa band, showed the same N-terminal sequence: T-T-R-S-W-D-
F-L. Research conducted with protein databases identified this N-terminal sequence as cucumisin,
an alkaline serine protease, which shares structural homology with microbial subtilisin. The molecu-
lar mass of the identified bands corresponds with different molecular forms of cucumisin produced
during the processing or degradation of the enzyme: 67 kDa native cucumisin, 54 kDa mature
cucumisin and 36 kDa NH,-terminal cucumisin fragment.

Conclusion Cucumisin (Cuc m 1) and several N-terminal cucumisin fragments are the major
allergens of melon. The ubiquitous distribution of this protein family (cucumisin-like proteases) in
many plant species and its high structural similarity suggest its potential role as a new panallergen in

plant foods.
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Introduction

Allergy to plant-derived foods is a frequent cause of food al-
lergy. Plant-derived foods have been explained by cross-reactive
IgE to pollen [1] and, thus, allergy to plant-derived foods has
also been linked to particular pollens, for instance, apple to
birch [2], banana/melon to ragweed [3]; hazelnut to hazel [4];
celery to birch/mugwort [5]; tomato/melon/watermelon to grass
[6]; fennel/celery to birch [7]; kiwi to grass [8] or birch [9]; melon
to plantago/grass [10], etc. Some of these associations have
been demonstrated to be due to cross-reactivity between hom-
ologous structures shared between pollens and fruits, such as
Bet v 1[11], profilin [12], etc. Nonetheless, allergy to fruits is not
yet fully clear. Although several food proteins have been identi-
fied as major allergens and characterized at molecular level [i.e.
13-17], there are still many allergens to be investigated in food
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allergy. We consider that molecular characterization of food
allergens will allow a better understaning of food allergies and
help to explain cross-reactivities between vegetables and pollens
or between vegetables and other ones.

This is the case of melon (Cucumis melo), a fruit belonging to
Cucurbitaceae family, which includes several warm season vege-
tables such as watermelon, squash, cucumber and pumpkin.
Muskmelon has been reported as a frequent cause of fruit
allergy, both in some areas from the USA [3] and the European
Union [18]. However, little is known with regard to components
of melon extracts [10, 19] and major allergens have neither been
identified nor characterized.

The aim of this study was to identify and characterize the
major allergens of melon fruit.

Materials and methods

Patient sera

Thirty-five individual sera and a serum pool from patients
allergic to melon, recruited in a birch- and ragweed-free area,
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were used in this study. According to their clinical history all
patients showed immediate hypersensitivity to melon fruit,
positive response to skin prick test to fresh melon pulp and
oral challenge test. Clinical data of melon-allergic patients are
shown in Table 1. In addition, sera from five melon-allergic
patients were used as a positive serum pool (patients 2, 3,8, 13
and 17) and sera from five subjects not sensitized to fruits were
used as negative controls.

Production of allergenic extracts

Melon extracts were prepared from ‘Piel de Sapo’ melon (In-
odorus variety). It was purchased at a local market and 2 kg were
used for pulp extraction. Melons were peeled, liquidized and
then processed. Extraction was started by homogenization with
magnetic stirring (2000 rpm) at 4°C for 30min. A total of
10 mM/L potassium phosphate buffer, pH 7, containing 2% sus-
pended solid polyvinylpolypyrrolidone (PVPP) and 2 mmol/L
ethylene-diaminetetraacetic acid disodium salt (EDTA) were
used as a solubilizing agent. The extract was then clarified by

Table 1. Clinical features of melon-allergic patients

centrifugation (26000g) for 30 min at 4°C. The pellet was
discarded, and the supernatant containing the solubilized
proteins was dialysed against distilled water by diffusion in
Spectra/Por tubing (Spectrum Laboratories Inc., Breda, the
Netherlands) of 3.5 kDa at 4 °C overnight. The dialysed extract
was sterilized by filtration through a 0.22-um pore diameter
membrane (Millipore, Bedford, MA, USA) and frozen at
—80°C. Finally the material was lyophilized and stored
at —20°C in desecator until needed. A method described by
Martinez et al. [20] based on ion-exchange column chromatog-
raphy for the enrichment of fruit-allergenic extracts was used.
For in vitro experiments, the protein concentration of all aller-
genic extracts was adjusted to 1 mg/mL.

In vivo tests

Skin tests to fresh melon pulp were performed in duplicate by
the skin prick tests (SPT), following the technique described by
Dreborg et al. [21]. The ALK-LANCET needle (ALK-
LANCET, ALK-Abell6, Horsholm, Denmark) was used for

Patient Age Sex Ageonset Symptoms Pollinosis P Lo Se Cy Ch Ta Sa O C Be A Ar Pa Pl Ph Fr Po Ul
1 28 F 19 OAS, C R - - - - - = + + - - 4+ - - - 4+ -

2 7 M 2 OAS R, A + + 4+ 4+ + - - 4+ - 4+ - - - 4+ + + 4+ -
3 25 M 7 OAS R, A + + + + 4+ + + 4+ - + + + + + + + +
4 59 F 56 OAS R, A + 4+ 4+ 4+ + 4+ + + + 4+ + + + + + + o+
5 20 F 16 OAS R, A + + + 4+ + 4+ + + + - - + - 4+ + - - +
6 24 M 9 OAS R, A + + 4+ 4+ + 4+ + + + 4+ + + + + + + + 4+
7 2 F 22 OAS R, A + + + + + 4+ + + - + + + + + + + + +
8 23 M 20 OAS R + + + 4+ + 4+ + + + 4+ + + + + + + + +
9 13 M 7 OAS R + + 4+ 4+ + + - + - 4+ + - - + + + + +
10 32 F 18 OAS, CU R, A + + 4+ 4+ + 4+ + + + 4+ + + + + + + 4+ O+
11 25 F 23 OAS R + + 4+ + + 4+ + + + - + + + + + - 4+ +
12 3 F 23 OAS R, A + + + + + - + 4+ + 4+ + - - 4+ + + + +
13 27 M 13 OAS,CU,C R,A + + 4+ 4+ + 4+ + + + 4+ + + + + + + + 4+
14 38 M 14 OAS R, A + + + 4+ + 4+ + + + 4+ + - - + + + + +
15 31 F 24 OAS R, A + + 4+ 4+ + 4+ + + + 4+ + + + - + + + 4+
16 2 M 10 OAS R + + + 4+ + 4+ + 4+ + 4+ + + + + + + + +
17 13 M 9 OAS R + + 4+ 4+ + 4+ + + - 4+ + + + + + + + +
18 28 F 18 OAS, C R T
19 24 F 22 OAS R, A + + + + + 4+ + + - 4+ + - - 4+ + + + +
20 28 F 28 OAS R + + + + - - + 4+ - 4+ 4+ - - 4+ + + + +
21 32 F 27 OAS R + + 4+ 4+ + - + + + 4+ + - + + + + + +
22 12 F 7 OAS, C R, A + + + + + 4+ + + - 4+ + + - + + + + +
23 28 M 19 OAS R + + + + + 4+ + + + 4+ + + - + + + + +
24 29 F 20 OAS R, A + + + 4+ + 4+ + + + 4+ + + + + + + + +
25 2 F 18 OAS R + + 4+ 4+ + 4+ + o+ + + 4+ + + + + 4+ 4+
26 24 F 19 0AS R, A ++ + + + + + + + o+ o+ - -+ o+ o+ o+t
27 2 M 20 OAS R, A + + + 4+ + 4+ + 4+ + 4+ + + - + + + + +
28 31 M 25 OAS R, A + + 4+ 4+ + 4+ + + + 4+ + + + + + + + 4+
29 29 M 23 OAS, R R + + + + + - + 4+ + + 4+ - - + + + + +
30 23 F 13 OAS R, A + + + + - 4+ + + + + + + + + + - -
31 28 M 25 OAS R, A + + + + + 4+ + + + 4+ + + + + + + + +
32 277 M 22 OAS R + + 4+ + o+ + + - + 4+ - - 4+ + 4+ + +
33 29 F 9 OAS R, A + + + 4+ + 4+ + + + 4+ + + + + + + + +
34 5 M 18 OAS, GIS R, A + + + + + - + + - 4+ + - + + + + + +
35 21 F 19 OAS R, A + + + 4+ + 4+ + 4+ + 4+ + + + + + + + +

OAS, oral allergy syndrome; M, male; F, female; R, rhinitis; A, asthma; GIS, gastrointestinal symptoms; P, phleum; Lo, lollium; Se, secalle;
Cy, cynodon; Ch, chenopodium; Ta, taraxacum; Sa, salsola; O, olea; C, corylus; Be, betula; A, ambrosia; Ar, artemisia; Pa, parietaria; Pl, plantago;

Ph, phragmites; Fr, fraxinus; Po, populus; Ul, ulmus.
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skin tests, which were performed according to EAACI guide-
lines [22]. SPTs were also carried out with a battery of commer-
cially available pollens. Histamine phosphate at 10 mg/mL and
normal saline solution were used as positive and negative con-
trols, respectively. A weal with a diameter of 3 mm larger than
negative control was considered a positive reaction.

Oral challenge tests were carried out with fresh melon pulp,
following the open method previously described [18]. Briefly,
each dose was chewed and then swallowed. The melon doses
were gradually increased until a positive response was obtained,
or until the entire melon portion (about 200 g) was eaten with-
out symptoms. The in vivo tests with fresh melon pulp were
carried out from March to December, which is the melon season
in Spain.

Sodium dodecyl sulphate-polyacrylamide gel
electrophoresis

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) was carried out according to Laemmli [23] utiliz-
ing a Mini-Protean II cell (Bio-Rad, Richmond CA, USA).
Polyacrylamide concentrations of 15% and 5% were used for
separating and stacking gels, respectively. The samples were
mixed with 0.1 M Tris-HCI, pH 6.8 containing 4% (w/v) SDS,
20% (w/v) glycerol, 10% (w/v) 2B-mercaptoethanol and 0.005%
(w/v) bromophenol blue. The samples were denatured by
heating at 100 °C for 5min. An amount of 50 pg protein was
applied per lane. Electrophoresis was run at 20 mA constant
current until the tracking dye bromophenol blue reached the
bottom of the gel, using as buffer of electrodes 0025m (w/v)
Tris—=HCI, pH8.3,0192M glycine and 0, 1% SDS. Gels were
stained with Coomassie brilliant blue (Sigma Chemical Co., St
Louis, MO, USA), or used for blotting as described below.

Immunoblot analysis

Protein bands separated by SDS-PAGE were transferred by
semidry blotting onto nitrocellulose sheets by the method of
Towbin et al. [24], in transfer buffer (0.048 m Tris—HCI, 0.039 Mm
glycine, 20% methanol and 0.036% SDS). Blotted bands were
visualized by soaking the membranes for a few minutes in Pon-
ceau S (0.1% in 1% acetic acid). Membranes were blocked with
phosphate-buffered saline (PBS) containing 0.1% Tween-20
(PBS-T) and 3% skimmed milk powder (M-PBS-T) for 2h at
room temperature (20 °C), and incubated overnight at 4 °C with
the patients’ sera diluted 1: 5 in 20mmMm Tris-buffered saline
pH7.4 containing 1% Tween-20 (TBS-T) and 3% bovine
serum albumin (TBS-T-BSA). After washing five times with
PBS-T, blots were incubated for 3 h at room temperature with
anti-human IgE peroxidase-conjugate antibody (The Binding
Site, Birmingham,UK) diluted 1 : 1000 in TBS-T containing 5%
fetal calf serum. After five washes in PBS-T, the protein bands
were visualized by chemiluminiscence with ECL (Amersham
International, Buckinghamshire, UK), following the instruc-
tions given by the manufacturer.

For inhibition experiments, serum pool (1 :30 dilution) was
incubated with 1 mg of melon extract overnight at 4 °C.

Sequence analysis

Melon extract from Piel de Sapo variety was used for sequence
analysis of protein bands (Edman degradation). When the gels
were used for blotting and sequencing experiments several
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modifications [25] were introduced: (i) diacrylpiperazine was
used instead of N,N'-methylene bisacrylamide as cross-linker,
at the same concentration; (ii) the thickness was increased from
1.5mm to 3 mm; (iii) gels were cast 1 day in advance and kept
overnight at 4°C, to allow a complete polymerization; (iv)
thioglycolic acid was added to the upper buffer chamber to a
0.002% (v/v) final concentration; (v) pre-electrophoresis for
30-60 min at 10 mA. In order to make sure that the immunos-
tained proteins correspond to the sequenced ones a SDS-PAGE
gel with three lanes was carried out: lane 1 (50 pg of extract),
lane 2 (mw markers) and lane 3 (50 pg of extract), thus lane 2 was
in the middle. The gel was cut lengthways the lane 2 (markers)
producing two identical gel halves containing half of the
marker’s lane and one sample (extract) lane (1 or 3). One half
of the gel was transferred to polyvinylidene difluoride (PVDF)
membrane for sequencing, and the other to nitrocellulose
membrane for blotting. In this way, and using the markers as
references, by re-joining the two membranes, the identity (cor-
respondence) of each protein band (sequence-blotting) can be
established.

PVDF membranes (ProBlott) with CAPS buffer (3-cyclohex-
ylamino-1-propanesulphonic acid) were used for transferring
the proteins, following the manufacturer’s recommendations
(Applied Biosystems). Proteins were stained with Coomassie
blue, cut out with a razor and sequenced in a Procise sequencer
(Applied Biosystem). Eight N-terminal amino acid residues
were determined for each band. The N-terminal sequences
obtained were analysed by Scan Prosite Program (Expasy;
http://www.expasy.ch) to identify the proteins in the databases.

Results

SDS-PAGE

SDS-PAGE of melon extract showed multiple protein bands
with mw ranging from 10 to 80 kDa. The most intense bands
were observed at about 67, 54,49, 45,43, 40, 26, 14 and 10kDa,
both under reduced and non-reduced conditions (Fig. 1).

Immunoblotting

More than 10 allergenic components could be identified in ME.
IgE immunoblotting obtained with patient sera demonstrated a
broad spectrum of IgE-binding bands from approximately
10-80kDa.

Incubation with serum pool revealed six stained bands with
an apparent molecular weight of 67, 54,49,36,26 and 14kDa
(Fig. 1) which coincided with the bands most frequently found
when using individual sera (Fig. 2, Table 1). Four IgE binding
bands were recognized by more than 50% of patient sera:
67kDa, 54kDa, 36 kDa and 14 kDa. It should be stressed that
the 36 kDa was the most frequent IgE-binding band, which was
detected by 100% of the patient sera. Control immunoblot
experiments with a serum pool from non-atopic patients did
not show IgE-binding bands in melon extract.

Identification of proteins

The 67, 54,49, 36,26 and 14kDa bands were characterized by
analysing the N-terminal sequence of the allergenic proteins
blotted on PVDF membranes. Results showed that all of the
major bands, except the one at 14kDa, shared the same

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:827-833
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Fig. 2. IgE-binding bands in melon extract by Immunoblotting. Lane PP
represents serum pool from several melon-allergic patients. Lanes

1 through 17 represent serum from 17 patients. Lane NP represents a
negative control of serum pool from non-atopic patients.

N-terminal sequence: T-T-R-S-W-D-F-L. Research conducted
with protein databases identified this N-terminal sequence as
cucumisin (PIR : A55800), a protein which was originally de-
scribed in 1994. Cucumisin is an alkaline serine protease from
melon fruits of about 67 kDa, which shares structural homology
with microbial subtilisin [26] and it has been recently classified
within clan C (S8C) of serine proteases, according to evolution-
ary markers [27]. This 67-kDa enzyme shows limited autolysis
to produce a 54-kDa protease and a 14-kDa polypeptide

96 —| *
66 —

45 —

31 —

i

21 —
Fig. 1. SDS-PAGE analyses of melon extract
under non-reducing (a) and reducing conditions
(b). Immunoblotting of a reduced sample (c)
revealed with a serum pool of melon allergic
patients. The N-terminal sequence was
determined for the bands marked with an asterisk.
Figures on the left indicate the position of
molecular markers in kDa.

1 -

(Fig. 3). These two bands of 67 and 54 kDa, closely correspond
with those intensively and frequently stained in the immuno-
blots revealed with the sera of patients (Figs 1 and 2). Bands
with lower mw (49,36 and 26kDa) and with the same
N-terminal sequence correspond to progressive degradation
fragments of cucumisin. The band at about 14kDa yields a
mixture of heterogeneous amino acids without any identifiable
sequence. The high frequency of patient sera that recognized
the band of about 36 kDa in the immunoblots is remarkable.
It is conceivable that this fragment of the molecule retains
some of the most allergenic epitopes and thus, this region,
which is the N-terminal half of the cucumisin, deserves a deeper
study.

Proteins with similar domain architecture to cucumisin

Interestingly, plant serine proteases are ubiquitous enzymes and
cucumisin shares sequence identity with other plant serine pro-
teases, such as that from soybean [28], tomato [29], latex [30],
rice [31], barley [32], alnus glutinosa [33], etc., some of them
having been named cucumisin-like protease.

In order to check whether the structure of cucumisin, and
specifically the N-terminal half of the molecule (corresponding
to the 36 kDa fragment), was shared by other proteins, a com-
parative analysis of conserved motifs was performed using
DART software (www.ncbi.nlm.nih.gov).

Figure 4 shows the domain architecture of cucumisin mol-
ecule and a diagram of several representative proteins with
similar domain arrangement along the molecule. The presence
of two types of domains (Peptidase S8, PA domain) which are
shared by numerous proteins belonging to different families of
plants is apparent. Whether this structural similarity implies
sharing IgE-reactive epitopes is currently under investigation.
Nonetheless, we can anticipate an example of this possible
cross-reactivity (Fig. 5) between melon and pumpkin (a
taxonomic-related fruit) or between melon and tomato
(a taxonomic-non-related plant food), in which bands with
similar molecular weight of that of cucumisin were detected
both in melon, pumpkin and tomato extracts and all of them
were inhibited by melon extract.

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:827-833



Fig. 3. Diagram of the processing pathway of
cucumisin precursor, from prepro-cucumisin (a) to
pro-cucumisin (b), native protein (c) and
eventually to mature active cucumisin (d; see
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Discussion for details). The amino acid sequence
of cucumisin is shown in the lower part, with the

same colour code as shown above.

Discussion

In this study we have identified three out of four major IgE-
binding bands from melon which were found to share the same
N-terminal sequence corresponding to cucumisin. The presence
of any protein or contaminant other than cucumisin in the
bands was ruled out for two reasons. First, the chromatograms
of the PTH of each identified residue were very neat, even
without traces of other amino acids. So, a putative contaminant
should be below the limit of detection of the sequencer
(< Spmol). Second, if a contaminant were responsible for the
immunoreactivity, it should be present in the five sequenced
bands corresponding to cucumisin, with multiple molecular
masses, which was highly unlikely.

A 36-kDa band was the most frequent IgE-binding band
(100% of the sera), showing the highest reactivity with the sera
of the melon-allergic patients and indicating that this N-
terminal fragment of cucumisin is highly allergenic (Fig. 2). In
addition, other bands corresponding to native (67kDa) and
mature (54 kDa) cucumisin were also found to be major aller-
gens, although they were recognized with lower frequency. The
higher allergenic activity of cucumisin N-terminal-fragment
(36kDa) than that of mature or native cucumisin probably
corresponded to conformational changes in terciary structure
of cucumisin molecule as they shared the same primary struc-
ture (amino acid sequence).

Taken together, these data evidenced that several molecular
forms of cucumisin are major allergens in melon. Cucumisin
has been named Cuc m 1 [34]. This serine protease is present in
the melon extract in several molecular forms originated during
the process of maturation and subsequently as degradation
fragments and, similarly to Hev b 6 [34], they might be named
Cuc m 1.01 (67kDa), Cuc m 1.02 (54kDa) and Cuc m 1.03
(36kDa).

Cucumisin accounts for more than 10% of total fruit protein
[26]. It was fully sequenced and cloned in 1994 and it was found
to be a glycosylated and termostable alkaline serine protease
homologous to subtilisine [26]. Examination of the primary
structure of cucumisin (Fig. 3) revealed that it is synthesized
as a prepro-cucumisin precursor (79kDa polypeptide) and
then processed to a pro-cucumisin form (76 kDa) [26]. The N-
terminal pro-sequence is at that time removed and the 67 kDa
native cucumisin is produced. Finally, a 14-kDa fragment from
the C-terminus of the 67 kDa molecule is released by the auto-
lytic activity of the enzyme and the 54 kDa form of the mature
active cucumisin is produced.

Cucumisin is the first plant protease of the subitilisin family
for which the complete primary structure has been determined.
The discovery of cucumisin as a new member of the subtilisin
family raises intriguing questions regarding the evolutionary
descendent of the plant subtilisin-like serine protease. Further-
more, the identification of several other proteins in plants

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:827-833
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Fig. 4. Domain architecture of cucumisin molecule and a diagram of
several representative proteins with similar domain arrangement along
the molecule. The presence of two types of domain (Peptidase S8,

PA domain) which are shared by numerous proteins belonging to
different families of plants is apparent.
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Fig. 5. IgE-binding bands in melon (M), pumpkin (P) and tomato (T)
extracts by immunoblotting (left panel) and inhibition immunoblotting
by melon extract pre-adsoption (right panel).

(Fig. 4), such as soybean, tomato, latex, rice, barley, alnus
glutinosa, etc., that have structural homology to cucumisin
(cucumisin-like proteases) suggests its widespread and ubiqui-
tous occurrence in plants. Additionally, to the best of our
knowledge several authors have found an association between
allergy to melon and latex [35] or melon and tomato [36], but the
protein responsible for such cross-reacitvity has not been evalu-
ated, and it could be linked to cross-reactivity to cucumisin-
like proteases from unrelated vegetables. Carbohydrate
cross-reactive determinant (CCD) should be bear in mind on
evaluating this possibility. Nonetheless, we are addressing sev-
eral studies to clarify this question and we can anticipate the

existence of cross-reactivity between bands from melon,
pumpkin and tomato, which are examples of cucumisin like
endopeptidase from taxonomic-related fruit (pumpkin) and
taxonomic-non-related plant foods (tomato).

In summary, cucumisin and several N-terminal cucumisin
fragments are major allergens of melon. The ubiquitous distri-
bution of this protein family (cusumisin-like proteases) in many
plant species, its high structural similarity and the inhibition
data suggest its potential role as a new panallergen in plant
foods.

Acknowledgements

Supported by grants of the Fondo de Investigaciones Sanitarias
(FIS) (P1020229) and of the Fundacion de la Sociedad Espaiiola
de Alergia.

References

—_

w

W

N

~

[oe)

o

—_
—

12

14

Van Ree R, Aalberse RC. Pollen-vegetable food cross-reactivity:
serological and clinical relevance of crossreactive IgE. J Clin
Immunoassay 1993; 16:124-30.

Lahti A, Bjorksten F, Hannuksela M. Allergy to birch pollen and
apple, and cross-reactivity of the allergens studied with the RAST.
Allergy 1980; 35:297-300.

Anderson LB, Dreyfuss EM, Kigab U, Jhonstone DE, Glaer J.
Melon and banana sensitivity coincident with ragweed pollinosis.
J Allergy Clin Immunol 1970; 45:310-9.

Hirschwehr R, Valenta R, Ebner C et al. Identification of common
allergenic structures in hazel pollen and hazelnuts: a possible
explanation for sensitivitiy to hazelnuts in patients allergic to tree
pollen. J Allergy Clin Immunol 1992; 90:927-36.

Wuthrich B, Stager J, Johansson SG. Celery allergy associated with
birch and mugwort pollinosis. Allergy 1990; 45:566-71.

Ortolani C, Ispano M, Pastorello EA, Biggi A, Ansaloni R. The oral
allergy syndrome. Ann Allergy 1988; 61:47.

Ortolani C, Pastorello EA, Farioli L et al. [gE-mediated allergy
from vegetable allergens. Ann Allergy 1993; 71:470.

Pastorello EA, Pravettoni V, Ispano M et al. Identification

of the allergenic components of kiwi and evaluation of their
cross-reactivity with timothy and birch pollens. J Allergy Clin
Immunol 1996; 98:601-16.

Voitenko V, Poulsen LK, Nielsen L, Norgaad A, Bindslev-Jensen C,
Skov PS. Allergenic properties of kiwi-fruit extract: cross-reactivity
between kiwi-fruit and birch-pollen allergens. Allergy 1997,
52:136-43.

Garcia Ortiz JC, Ventas P, Cosmes P, Lopez-Asunsolo A.

An immunoblotting analysis of cross-reactivity between melon,
and plantago and grass pollens. J Invest Allergol Clin Immunol
1996; 6:378-82.

Ebner C, Birkner T, Valenta R et al. Common epitopes of birch
pollen and apples: studies by western and northern blot. J Allergy
Clin Immunol 1991; 88:588-94.

Valenta R, Duchene M, Pettenburger K et al. Identification of
profilin as a novel pollen allergen; IgE autoreactivity in sensitized
individuals. Science 1991; 253:557-60.

Sanchez-Monge R, Lombardero M, Garcia-Sellés FJ, Barber D,
Salcedo G. Lipid-transfer proteins are relevant allergens in fruit
allergy. J Allergy Clin Immunol 1999; 103:514-9.

Pastorello EA, Farioli L, Pravettoni V et al. The major allergen of
peach (Prunus persica) is a lipid transfer protein. J Allergy Clin
Immunol 1999; 103:520-6.

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:827-833



15

16

17

18

20

2

—_

22

23

24

25

26

Sowka S, Hsieh LS, Krebitz M et al. Identification and cloning of
prs a 1, a 32-kDa endochitinase and major allergen of avocado, and
its expression in the yeast Pichia pastoris. J Biol Chem 1998;
273:28091-7.

Inschlag C, Hoffmann-Sommergruber K, O’Riordain G et al.
Biochemical characterization of Pru a 2, a 23 kDa thaumatin like
protein representing a potential major allergen in cherry (Prunus
avium). Int Arch Allergy Immunol 1998; 116:22-8.

Maleki SJ, Kopper RA, Shin DS et al. Structure of the major peanut
allergen Ara h 1 may protect IgE-binding epitopes from
degradation. J Immunol 2000; 164:5844-9.

Cuesta-Herranz J, Lazaro M, Figueredo E, Igea JM, Umpierrez A,
De Las Heras M. Allergy to plant-derived fresh foods in a birch-
and ragweed-free area. Clin Exp Allergy 2000; 30:1411-6.
Figueredo E, Cuesta-Herranz J, Minguez A et al. Allergy to
pumpkin and cross-reactivity to other Cucurbitaceae fruits. J Allergy
Clin Immunol 2000; 106:402-3.

Martinez A, Fernandez-Rivas M, Martinez J, Palacios R.
Improvement of fruit-allergenic extracts for immunoblotting
experiments. Allergy 1997; 52:155-61.

Dreborg S, Foucard T. Allergy to apple, carrot and potato in
children with birch pollen allergy. Allergy 1983; 38:167-72.
EAACI Subcomittee of Skin Tests and Allergen Standardization.
Skin tests used in type I allergy testing. Allergy 1989; 44

(Suppl. 10):13-60.

Laemmli UK. Cleavage of structural proteins during the assembly
of the head of bacteriophage T4. Nature 1970; 277:680-5.

Towbin H, Staehelin Y, Gordon J. Electrophoretic transfer of
proteins from polyacrylamide gels to nitro-cellulose sheets:
procedure and some applications. Proc Natl Acad Sci USA 1979;
76:4350-4.

Barrio E, Anton L, Marques G, Sanchez A, Vivanco F. Formation
of covalently linkec C3-C3 dimers on IgG immune aggregates.
Eur J Immunol 1991; 21:343-9.

Yamagata H, Masuzawa T, Nagaoka Y, Ohnishi T, Iwasaki T.
Cucumisin, a serine protease from melon fruit, shares structural

27

28

29

30

31

32

33

34

35

36

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:827-833

Identification of Cuc m 1 as an allergen of melon 833

homology with subtilisin and is generated from a large precursor.

J Biol Chem 1994; 269:32725-31.

Krem MM, Di Cera E. Molecular markers of serine protease
evolution. EMBO J 2001; 20:3036-45.

Liu X, Tian Z, Wilson KA, Gal S, Tan-Wilson AL. Mobilization
of soybean seed reserve protein is by a subtilisin-like protease.
Plant Physiol 1997; 114:291.

Tornero P, Conejero V, Vera P. Primary structure and expression of
a pathogen-induced protease (PR-P69) in tomato plants: similarity
of functional domains to subtilisin-like endoproteases. Proc Natl
Acad Sci USA 1996; 93:633-7.

Arima K, Uchikoba T, Yonezqwa H, Shimada M, Kaneda M.
Cucumisin-like protease from the latex of Euphorbia supina.
Phytochemistry 2000; 53:639-44.

Yamagata H, Uesugi M, Saka K, Iwasaki T, Aizono Y. Molecular
cloning and characterization of a cDNA and a gene for sutilisin-like
serine proteases from rice (Oryza sativa L.) and Arabidopsis thaliana.
Biosci Biotechnol Biochem 2000; 64:1947-57.

Hess WR, Golz RR, Boerner T. Analysis of randomly selected
cDNAs s reveals the expresion of stress- and defence-related genes in
the barley mutant alostrians. Plant Sci 1998; 133:191-201.

Ribeiro A, Akkermans AD, Van Kammen A, Bisseling T,
Pawlowski K. A nodule-specific gene encoding a subtilisin-like
protease is expressed in early stages of actinorhizal nodule
development. Plant Cell 1995; 7:785-94.

WHO/IUIS. Allergen Nomenclature Sub-Committee: Allergen
Nomenclature. WHO, Geneva, http://www.allergen.org.

Garcia Ortiz JC, Cosmes Martin P, Lopez-Asunsolo A. Melon
sensitivity shares allergens with Plantago and grass pollens. Allergy
1995; 50:269-73.

Ortolani C, Ispano M, Pastorello EA, Ansaloni R, Magri GC.
Comparison of results of skin prick tests (with fresh foods

and commercial food extracts) and RAST in 100 patients with

oral allergy syndrome. J Allergy Clin Immunol 1989;

83:683-90.



