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ABSTRACT
Background: Oral allergy syndrome resulted from plant-derived foods is frequent among adults. Allergy to
melon (cucumis melo) is one of the most frequent fruit allergies in Iran. Three different major allergens have
been found in Cucumis melo that Cuc m 1 (cucumisin) has been identified as the major allergen of melon. Cu-
cumisin is an alkaline serine protease that it is found as a 78 kDa protein in precursor form. The aim of this
study was production of recombinant Cuc m 1 in Escherichia coli (E. coli) cells and characterization of its aller-
genicity property.
Methods: Production of recombinant Cuc m 1 was carried out by cDNA cloning technique into the pET32b(+)
vector using specific primers designed based on cucumisin nucleotide sequence available in Genebank data-
base, cucumisin encoding gene and directional cloning method. Cloned plasmid into E. coli TOP10 was trans-
formed into E. coli BL21 and expression of the protein was induced by IPTG. The recombinant protein was puri-
fied via Ni-NTA affinity chromatography using histidine tag in recombinant protein. IgE binding of this protein
was assessed by IgE-immunoblotting, ELISA and inhibition ELISA.
Results: The directional cloning was resulted in expression of a fusion Cuc m 1. Immunoblotting with sera of
patients allergic to melon showed strong reactivity with purified protein band. Inhibition assays demonstrated
that purified rCuc m 1 could be the same with natural form of Cuc m 1 in total extract.
Conclusions: In the present study, we have provided a functional recombinant cucumisin allergen, rCuc m 1
with 86 kDa, which may be used as a standard allergen for clinical diagnosis and study of allergy to melon.
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INTRODUCTION

It is estimated that true food allergies occur in 2-5% of
the population and the prevalence of food allergy con-
tinues to increase worldwide.1-3

Food allergy is defined as an immune-mediated ad-
verse reaction to foods causing symptoms affecting
the skin, gastrointestinal (GI) tract, or respiratory
system. The reactions can be immunoglobulin E
(IgE)-mediated and non IgE-mediated processes.4,5

An associated food allergy condition often described
as oral allergy syndrome.6 This allergy usually associ-
ated with hypersensitivity to pollens and cross-
reactivity between pollen and food allergens.7 The
symptoms of oral allergy or pollen-food allergy syn-
drome may differ from moderate-to-severe atopic der-
matitis to food-induced wheezing and asthma.8,9

However the number of deaths associated with
food allergy has been reported very low, but some re-
actions can suffer the atopic subjects due to sever
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Table　1　Clinical characteristics, prick tests result and total 

IgE of allergic patients to melon

Number
Age

(Year)
Sex

Prick test result
(mm2)†

Total IgE
(IU/ml)

1 43 F 36 >100

2 24 F 25 >100

3 19 F 25 >100

4 11 M 25 >100

5 25 M 82 >100

6 27 F 64 >100

7 22 M 36 >100

8 18 M  9 >100

†Surface area of wheal.

Prick test was performed with total melon extract.

problems.10

The most common food allergens include cow
milk, eggs, peanuts, tree nuts, soy, in the pediatric
population. The most common food allergies re-
ported by adults are allergies to fruits and vegetables
such as wheat; peanuts, tree nuts, fish, and shell-
fish.2,11

Melon or Common Melon (Cucumis melo spp.) be-
longs to Cucurbitaceae family which may result in al-
lergy symptoms in sensitized individuals.12 The
melon (Kharbozeh in Persian language) is grown any-
where in Iran and there are many varieties of it.13 As
the melon is a favorite fruit in Iran and regards to
high rate of food allergy to it (unpublished data), re-
search has been focused to production of recombi-
nant allergens of melon to aid further studies.

Several IgE-binding proteins between 13 and 60
kDa have been detected in Melon extract with pooled
sera from patients with Melon allergy.14 A 13 kDa
was the main reactive protein band was detected and
identified as a profilin.15 A lipid transfer protein has
also been detected.16 Cuc m 1, also known as cu-
cumisin, a plant alkaline serine protease with casei-
nolytic activity can denature the casein of milk.17 This
protein is resistance to alkaline pH and heat, with op-
timal pH around 10 and optimal temperature of about
70℃. A tetra amino acid sequence around the reac-
tive serine residue of cucumisin is identical to that of
subtilisin, a Bacillus subtilis serine protease.18,19

These two last proteins are highly resistant to pepsin
digestion and are heat-stable, making them poten-
tially potent allergens.15,16

The molecular weight of native form of cucumisin
from the juice of melons has been reported 67
kDa.18-20 This 67-kDa enzyme due to autolysis pro-
duces a 14-kDa polypeptide and a 54-kDa protease
which are resistant to further processing therefore
thought to be identical to the 54-kDa cucumisin that
has been previously reported. The protease (casei-
nolytic) activity will remain after autolysis.21,22

The sequence of cucumisin has been deduced and
defined as a 2552-bp nucleotide sequence that codes
for a 78-kD precursor protein consisting of four func-
tional domains: a 22-amino acid signal peptide, an 88-
amino acid NH-terminal pro-sequence, a 54-kDa pro-
tease domain with 505 residues, which is the active
enzyme domain of the 67-kDa native cucumisin, and a
14-kDa COOH-terminal polypeptide with 116 resi-
dues, which is product of autolysis of the 67-kDa na-
tive cucumisin.19,20,22-24 The 67-kDa native cucumisin
is found in juice of melon, naturally.18,25

The aim of this study was the cloning the cDNA se-
quence and expression of cucumisin, Cuc m 1. In ad-
dition, expressions of Cuc m 1 in E. coli, its purifica-
tion and evaluation of its allergenicity were aimed.

METHODS

SUBJECTS AND SERA
Sera from a group of 8 individuals sensitized to
melon, were selected by allergy specialists according
to case histories and skin prick test from recruited
people to Immunology and Allergy Department,
Ghaem Hospital, Mashhad, Iran (Table 1).

By mixing equal volume aliquots of the individual
sera, a serum pool was prepared and kept in -80℃.
The skin prick test was done using total melon ex-
tract based on the guideline of the subcommittee on
skin tests of the European Academy of Allergology and
Clinical Immunology after acquiring permission and
informed written consent from each patient.26 The
study was approved by the local ethic committee. The
sera from 8 healthy subjects without any signs of al-
lergy and negative skin prick test were collected to
use as negative control in assays.

Total IgE levels were assessed with a commercially
available ELISA kit according to the manufacturer’s
instructions (Total IgE IRMA kit, Radim, Italy).

TOTAL EXTRACT
The total extract was prepared as described previ-
ously with minor modifications.27 In brief, after wash-
ing the ripe fruits of melon, the inner part of the pulp
was isolated and homogenized using a homogenizer.
The extracting buffer, phosphate buffer 100 mM, pH
8 containing 2% (w�v) polyvinyl pyrrolidone and 10
mM ethelene diaminetetraceticacid (EDTA), was
added to homogenized mix in 1 : 10 w�v ratio. The
slurry was mixed on magnetic stirrer for 2 h and then
subjected to centrifuge (15000 g for 30 min) at 4℃.
The supernatant was separated and dialyzed against
phosphate buffer (100 mM, pH 7.4) for 24 h in 4℃.
The extract was freeze-dried and kept in -80℃ until
use.

RNA EXTRACTION FROM FRUIT OF MELON
One gram of upper layer of melon was freezed in liq-
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Fig.　1　Gel agarose electrophoresis, M: PCR marker (1 kb

DNA Ladder, Fermentas: fragment sizes from up to down, 

10000, 8000, 6000, 5000, 4000, 3500, 3000, 2000, 1500,

1000, 750, 500 and 250 bp). a: PCR-amplifi cation of cDNA

encoding Cuc m 1. PCR product of 2193-bp Cuc m 1 is seen 

in lane 1. b: Lane 1, the 2193-bp Cuc m 1 PCR product was 

treated by Xho I and Not I restriction enzyme and purified. 

Lane 2, treated plasmid with Xho I and Not I was purifi ed.

M 1 M 1 2

Fig.　2　Coomassie blue staining of SDS-PAGE (10%) gel 

for analyzing of Cuc m 1 expression in bacterial lysate. Lane 

MW: molecular weight marker, size in kDa, Lane 1 and 2: in-

soluble phase of bacterial lysate with constructed plasmid af-

ter IPTG induction. Arrows show the 86-kDa rCuc m 1. Lane 

3: soluble phase of bacterial lysate with constructed plasmid 

after IPTG induction. The expressed protein was not seen in

soluble phase.

MW

97.0

66.0

45.0

30.0

1 2 3

uid nitrogen and then finely grounded. Total RNA
was extracted using guanidine thiocyanate as
Chomczynski method.28

PCR-AMPLIFICATION OF cDNA ENCODING
Cuc m 1
Following the synthesis of cDNA from RNA using a
first-strand cDNA synthesis Kit Fermentas with an
oligo (dT) 18 as primer, according to the manufac-
turer’s instructions, amplification of Cuc m 1 specific
cDNA fragments were carried out using specific
primers designed according to the genebank deposi-
tion sequences using gene Runner software (http:��
www.generunner.com).

(Sense primer: 5’- ATTAGCGGCCGCAATGTCTTC
TTCTCTAATCTTCAA-3’ with incorporated Not I site,
Anti-sense primer: 5’- ATACTCGAGAACTAGACTTG
TGATGGTTATAGG -3’ with incorporated Xho I site).

CLONING
The predicted 2193-bp PCR product was purified
from low melting agarose gel using DNA extraction
Kit (QIA quick Gel Extraction Kit, QIAGEN, Hilden,
Germany) and was cloned into the pET32b(+) vector,
a fusion expression system with E. coli thioredoxin
(Novagen, Madison, WI, USA), which expresses a re-
combinant fusion protein containing a His-tag at the

C-terminal end. The construct was used to transform
TOP10 E. coli cells. Appropriate colonies were se-
lected and analyzed on ampicillin agar. The fidelity of
the cloned product was verified by PCR reaction us-
ing specific primers of Cuc m 1 and restriction en-
zyme digestion with Xho I and Not I. The purified
plasmid was subjected to sequencing (SeqLab,
Göttingen, Germany).

EXPRESSION OF Cuc m 1 IN E. coli AND PURIFI-
CATION
The constructed plasmid was transformed into com-
petent E. coli BL21 cells (Invitrogen, Carlsbad, CA,
USA). Then, transformed cells were incubated on LB
agar containing ampicillin, overnight. Protein synthe-
sis was induced with 1 mM IPTG (isopropyl β-D-
thiogalactoside) in 5-ml culture for 8 h at 37℃ fol-
lowed by cell collection using centrifugation (3000 g,
20 min, 4 C). The pellets of bacterial cultures from
before and after induction were resuspended in lysis
buffer (50 mM NaH2PO4, 500 mM NaCl and 2 mM
imidazole, pH 8) and subjected to three freeze-thaw
cycles using liquid nitrogen. The production of rCuc
m 1 in supernatant and pellet fractions of cell lysate
was analyzed by SDS�PAGE.

Metal affinity chromatography using Ni-NTA aga-
rose (Invitrogen) was performed to purify recombi-
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Fig.　3　SDS/PAGE of purified expressed proteins using 

metal affinity chromatography with Commassi blue staining. 

Lane MW: molecular weight marker, size in kDa. The purifi ed

rCuc m 1 is seen as a 86-kDa band.

MW

97.0

66.0

45.0

30.0

20.1

14.4

1

Fig.　4　Immunoblotting of purified recombinant Cuc m 1 

protein with allergic subjects sera. The 86-kDa band is seen 

with reactivity in lanes 1-8. MW, protein marker, size in kDa. 

N, is negative control using non-allergic serum.

MW
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67

45

30

1 2 3 4 5 6 7 8 N

Table　2　The result of specifi c ELISA with eight sera of al-

lergic patients with their pooled serum as positive control and 

negative pooled serum

Number
ELISA result with
total melon extract

ELISA result with
rCuc m 1

1 0.81 0.98

2 0.71 0.86

3 1.05 0.68

4 0.56 0.74

5 1.00 0.98

6 0.93 1.00

7 1.04 0.86

8 0.71 0.50

Positive pooled serum 0.82 0.80

Negative pooled serum 0.12 0.05

The OD was measured in 450 nm in all experiments.

nant Cuc m 1 (rCuc m 1) from insoluble phase as de-
scribed previously.29 The purified protein was ana-
lyzed on SDS-PAGE electrophoresis.

IgE-IMMUNOBLOTTING
To evaluate the allergenicity of rCuc m 1, it was sub-
jected to reducing 12% (w�v) SDS-PAGE and elec-
troblotting onto polyvinylidene difluoride (PVDF)

membranes (Immobilon-P, Millipore Corp., Bedford,
MA, USA). The membranes were exposed for 3 h at
room temperature to the diluted sera (1 : 5 in PBS) of
allergic patients to melon followed by blocking with
2% BSA. The pooled serum of non-allergic patients
was used as negative control. The reactivity between
rCuc m 1 and specific IgE in sera were appeared by
using anti-human IgE biotin-conjugated goat antibody
(Sigma-Aldrich, St. Louis, MO, USA) (1 : 1000 diluted
in BSA 1%) and horseradish peroxidase-streptavidin
(1 : 20000 diluted). These specific reactivities were
documented by G-BOX Chemi-Doc (Syngene, Cam-
bridge, UK).

SPECIFIC ENZYME-LINKED IMMUNOSORBENT
(ELISA) AND INHIBITION ASSAYS
To assess the specific IgE reactivity, the pool serum
was examined by ELISA and inhibition ELISA as de-
scribed previously.27 Each well was coated with 1 μg�
well of total melon extract or purified rCuc m 1. Opti-
cal density (OD450) more than four times the median
values of the negative control were considered to be
positive.

ELISA inhibition was performed with 100 μl of the
positive pooled serum pre-incubated individually with
100 μl (400 μg�ml) of total extract of melon and puri-
fied rCuc m 1 for 2 hours at room temperature. These
adsorbed sera were then added to the ELISA plates
that had been coated with rCuc m 1 or total extract of
melon, respectively, at a similar concentration (1 μg�
well). The ELISA procedure thereafter was followed
as normal ELISA for measurement of specific IgE.
The percentage of inhibition was calculated using this
formula: (OD without inhibitor- OD of inhibitor�OD
without inhibitor) × 100. ELISA assessments were
performed in triplicate to achieve more accuracy. In-
hibition with BSA was used as negative control.
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Fig.　5　Inhibition of IgE-binding by ELISA was found after pre-incubation of sera with rCuc 

m 1 or total melon extract. Negative BSA control was not shown.
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RESULTS

CLONING AND SEQUENCING OF cDNA ENCOD-
ING Cuc m 1
cDNAs encoding a partial sequence of Cuc m 1 were
deduced from RNA of Cucomis melon by specific am-
plification with specific primers. The PCR products
showed a size of 2193 bp (Fig. 1a). The PCR product
and pET32b(+) plasmid were purified following re-
striction enzyme digestion using Xho I and Not I. The
purified products were analyzed on agarose gel (Fig.
1b).

EXPRESSION AND CHARACTERIZATION OF
rCuc m 1
The cDNA coding for the Cuc m 1 allergen was ex-
pressed in the E. coli as described in the experimen-
tal section. The expressed protein band were de-
tected by SDS�PAGE after induction with IPTG in 86
kDa size in insoluble phase of cells (Fig. 2). The
highest expression level was observed at 24 hours af-
ter induction with 0.1 molar IPTG under shaking in-
cubation in 37℃.

PURIFICATION AND ALLERGENICITY OF
rCuc m 1
Purification of expressed proteins was done with
metal affinity chromatography successfully. SDS�
PAGE of purified proteins showed the protein in ex-
pected size (Fig. 3). In immunoblotting with allergic
sera reactivity with purified rCuc m 1 was found (Fig.
4).

SPECIFIC IgE ELISA AND INHIBITION ASSAYS
The specific IgE values against total melon extract
and purified rCuc m 1 were determined with 8 indi-
vidual patients’ sera (Table 2). All of these patients
had significantly elevated specific IgE levels to melon
total extract with OD values at 450 nm four times
greater than the negative controls.

Pre-incubation of pooled serum with rCuc m 1 re-
vealed inhibition of IgE binding to natural form of
Cuc m 1 in total melon extract (58.62%). The inhibi-
tion of IgE binding to rCuc m 1 after pre-incubation
with total melon extract was found lower (34.73%)
(Fig. 5).

DISCUSSION

Melon has been known as a fruit to cause of oral al-
lergy.18,27,30,31 At least 3 different allergens of melon
has been identified that the cucumisin has been con-
sidered as major allergen of melon. Cucumisin is a
subtilisin-like protease of Cucumis melo known as
Cuc m 1. Cucumisin that has been expressed as a 78
kDa-precursor and it is shown that autolysis gener-
ates smaller N-terminal fragments. The remained 67
kDa-fragment as mature form of cucumisin has aller-
genicity effect and is considered as an active aller-
gen.19

In this study, we cloned and expressed success-
fully cucumisin gene. The expressed protein identi-
fied as a 86-kDa protein, more heavy than natural cu-
cumisin (67 kDa) regards to production as a fusion
protein with hisitidine resdues at C-terminal. Im-
munoblotting of this protein with sera of allergic sub-
jects to extract of melon showed specific reactivity
and confirmed functionality of newly expressed rCuc
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m 1.
Previously, at least 10 allergens of melon with dif-

ferent sizes from 10 to 80 kDa were identified that
four of them has been known as major allergens of
melon in sizes of 14, 36, 54, 67 kDa.18 Except than 14-
kDa protein, 3 others had similar N-terminal, con-
firmed as products of a lysis process of a precursor
that was named cucumisin. Native cucumisin (67-kDa
cucumisin), mature cucumisin (54-kDa cucumisin)
and NH2-end cucumisin (36-kDa cucumisin) are
known as Cuc m 1.01, Cuc m 1.02 and Cuc m 1.03 al-
lergens, respectively.18 They showed a few sera of al-
lergic subjects, positive IgE reactivity to 67-kDa cu-
cumisin. Here we found positive IgE reactivity in all 8
sera of allergic subjects who had been showed posi-
tive prick test with melon extract.18 This difference
between these two evaluations may be related to dif-
ferent folding and conformational shape of recombi-
nant Cuc m 1.

To express of recombinant proteins prokaryotic
systems are used widely. E. coli as a prokaryotic ex-
pressing system is growing very fast in non-complex
and non-expensive culture media.32 Using of this sys-
tem to expressing of allergen with high molecular
weight is not common. The highest molecular weight
of recombinant allergen expressed in E. coli is the 64-
kDa allergen of Arachis hypogaea, Ara h 1.33

Specific IgE reactivity of allergic sera to total melon
extract and rCuc m 1 in immunoblotting and inhibi-
tion assays confirmed a strong cross reactivity be-
tween natural form of Cum m 1 allergen in total ex-
tract and rCuc m 1 that shows presence of tags at the
ends recombinant protein did not have effect on the
specific reactivity of rCuc m 1 with IgE. The interven-
tion of tags in recombinant proteins with their activity
has not been showed previously.29,34-36

In this study Cuc m 1 was cloned and expressed in
E. coli. rCuc m 1 was purified and its allergenicity was
confirmed. Indeed, we successfully expressed and
purified a heavy allergen, Cuc m 1, in E. coli cells
with allergenicity property.
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