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Abstract

Background: Mustard has been an important cause of
food allergy of increasing incidence in the last years. Sin
a 1, a storage 2S albumin, is the most relevant allergen
from this spice. Methods: Pichia pastoris has been used
as host for the recombinant production of the precursor
form of Sin a 1 (rproSin a 1). rproSin a 1 was purified to
homogeneity by three chromatographic steps: gel filtra-
tion, anion exchange and reverse-phase HPLC. Molecu-
lar characterization was performed using Edman degra-
dation, mass spectrometry, amino acid composition, and
circular dichroism. Immunological properties were ana-
lyzed by immunoblotting, ELISA, and ELISA inhibition
experiments. Results: We overexpressed rproSina 1as a
single polypeptide with both large and small chains
linked by an internal processed fragment at high yield.
The purified rproSin a 1 (>95%) was obtained as a mono-
meric and soluble protein. rproSin a 1 showed equiva-
lent structural and immunological properties to natural
heterodimeric Sin a 1 allergen. rproSin a 1 was recog-
nized by 75% of the patients allergic to mustard. The

inhibitory capacity of rproSin a 1 to the total allergenicity
of mustard extracts varied from 13 to 83% in different
patients, with a mean value of 54%. Conclusions: rproSin
a 1 is a good candidate to replace natural allergen in
diagnosis protocols of mustard allergy. P. pastoris has
been demonstrated to be a suitable expression system
for the production of allergenic derivates of Sin a 1 that
could be used for immunotherapy purposes in future.

Copyright© 2005 S. Karger AG, Basel

Introduction

Many spices have been described as inducers of aller-
gic reactions [1]. Among them, mustard is one of the most
significant in terms of widespread use and allergenic
potency. For many years clinical cases of mustard allergy
have been reported [2, 3], and recently its prevalence has
notably increased in countries such as France, where this
spice is commonly consumed, becoming the fourth most
important food allergen for children [4]. The interest in
mustard as a cause of food hypersensitivity reactions has
increased because (1) the associated symptoms often
involve anaphylactic reactions, (2) mustard is frequently
consumed as a hidden food, which makes avoidance mea-
sures more difficult, and (3) mustard allergy has been

KARG E R © 2005 S. Karger AG, Basel
1018-2438/05/1371-0018$22.00/0

Fax +41 61 306 12 34

E-Mail karger@karger.ch

www.karger.com

Accessible online at:
www.karger.com/iaa

Correspondence to: Dr. Mayte Villalba

Departamento de Bioquimica y Biologia Molecular

Facultad de Ciencias Quimicas, Universidad Complutense

ES-28040 Madrid (Spain)

Tel. +34 91 3944155, Fax +34 91 3944159, E-Mail mayte@bbm1.ucm.es



preproSina1

LR FS Small chain IPF Large chain FS

|

*
proSin 2 1|0l

Small chain |PF
[5=57 r*=%

Sina1 [
5—54
§-§ ——

Fig. 1. Scheme of the processing of Sin a 1. LR = Leader region; FS =
flanking sequence; * = precursor form produced in P. pastoris. Disul-
fide bridges are indicated in Sin a 1.
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associated with hypersensitivity to other plant-derived
foods [2-9].

Table mustard is made from mixtures of varied as-
sorted crushed seeds. Yellow (Sinapis alba L.) and black
(Brassica nigra) mustards are the most commonly used in
Europe, while the oriental mustard (Brassica juncea) is
the most abundant component in the manufactured mus-
tard from the USA and Japan [10]. All these seeds belong
to the Brassicaceae family. To date, only two allergens,
Sin a 1 from S. alba [11] and Bra j 1 from B. juncea [12],
have been reported from mustard seeds. Sin a 1 has been
characterized as a polymorphic protein that belongs to the
2S albumin family, whose members are widely distribut-
ed in plant seeds. Sin a 1 is composed of two different
polypeptide chains of 39 and 88 amino acids joined by
two disulfide bonds [13]. This structure is the result of a
complex posttranslational process in which several se-
quences are proteolytically cleaved from a precursor
form: an N-terminal leader region, an internal processed
fragment (IPF) and several flanking sequences [14]
(fig. 1). The amino acid sequence of the allergen was
determined by the Edman degradation [11] and its anti-
genic properties studied by using monoclonal antibodies
[15].

The production of well-defined recombinant allergens
in high yield as soluble and homogeneous proteins is an
important achievement in allergy research as it could help
to improve the in vitro and in vivo diagnosis protocols of
this immunological disorder [16, 17] as well as to study in
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depth their structures, immunological properties and spe-
cific biological roles [18]. The precursor form of Sin a 1
was cloned and produced as a recombinant protein in the
bacteria Escherichia coli [19, 20]. However, this expres-
sion system failed in terms of yield and solubility proba-
bly due to the incorrect formation of disulfide bonds.
Pichia pastoris is a methylotrophic yeast that constitutes
an eukaryotic system used for the production of recombi-
nant proteins in which posttranslational modifications
such as glycosylation or properly formed disulfide bonds
are needed during the biosynthesis of the molecules [21-
23].

In this work, the recombinant production of the pre-
cursor form of Sin a 1 allergen in the yeast P. pastoris is
reported. The structural and immunological properties of
the recombinant allergen are also analyzed and compared
to those of the natural protein. Due to the high prevalence
of this allergen, possible applications of the recombinant
protein as marker for mustard allergy diagnosis are also
discussed.

Materials and Methods

Strains and Plasmids

E. coli strains DH5aF’ and TG1 were used as hosts for plasmids
dephosphorylated Smal-linearized pUC18 (Pharmacia Biotech) and
pPICY (Invitrogen), respectively. GS115 his4 P. pastoris strain (Invi-
trogen) was used as host for transformations using the plasmid
pPICY.

Sera, Antibodies and Protein Extracts

Serum samples were obtained from 28 patients who were diag-
nosed with mustard allergy at the Department of Allergy of the Fun-
dacion Jiménez Diaz following the criteria previously reported by the
Food Allergy Committee of the Sociedad Espafiola de Alergia [24].
All the patients were untreated hypersensitive individuals, who
exhibited a positive skin prick test and RAST (classes 3-6, deter-
mined by the CAP System of Pharmacia Diagnostics) to mustard. In
addition to the oral allergy syndrome, more than 50% of the patients
had systemic symptoms and 20% reported anaphylaxis. A polyclonal
antiserum raised against Sin a 1 was obtained as described by Palo-
mares et al. [23] and used to analyze the antigenic properties of both
natural and recombinant allergens. Yellow mustard seed extract was
prepared as previously described [11].

Production of Recombinant proSin a 1

Cloning procedures and bacteria manipulation were carried out
according to standard methods [25]. The cDNA encoding the precur-
sor of Sin a 1 (proSin a 1), with the exception of its leader sequence,
was amplified by PCR using the pUC18/SIN2 clone [19] as template,
two nondegenerate primers, a sense primer SINPIC (5’-cgtctcgagaa-
aagaGCCCGCCCATTTAGG-3’), and an antisense primer SA-4
(5’-ccggaattctcaGGAGGGTCCAGGCAT-3) and the DynaZyme™
DNA polymerase (Finnzymes Oy). The sense primer contains an
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Xhol restriction site (underlined), a sequence that allows the fusion of
the proSin a 1 encoding region in-frame with the sequence coding for
the preprosequence of the a-mating factor present in pPIC9 and that
corresponding to the amino acids at positions 2—6 of the N-terminal
end of the small chain of Sin a 1 (AGPFR). The antisense primer
contains an EcoRI restriction site (underlined), a stop codon and the
sequence corresponding to the last 5 residues of the C-terminal end of
the large chain of Sin a 1 (MPGPS). The purified DNA fragment was
treated with T4 DNA polymerase, with T4 polynucleotide kinase and
ligated into a dephosphorylated Smal-digested pUCI18 plasmid as
described [26]. This construct was used to transform DH5aF’ E. coli
cells. Several clones were sequenced to confirm the correct sequence.
The DNA fragment was digested with XAol/EcoRI restriction en-
zymes and subcloned into the same sites of the pPIC9 vector, and
used to transform TG1 E. coli cells in order to obtain the construct
pPICY/proSina 1.

pPIC9/proSin a 1 recombinant plasmid (10 ug) was linearized
with the Bg/II restriction enzyme and the purified larger fragment
was integrated by gene replacement into GS115 cell genome using
lithium acetate treatment [27]. Transformed cells were incubated on
minimal dextrose plates at 30°C for 4-6 days until colonies ap-
peared. For the production of recombinant proSin a 1 (rproSin a 1) as
a secreted protein, selected (His*Muts) transformed plates were pro-
cessed as described previously [22]. The culture medium of GS115-
induced cells was cleared by centrifugation at 3,000 g at 4°C. The
presence of rproSin a 1 in the supernatant was analyzed at different
times of culture (0, 24, 72 and 96 h) by SDS/PAGE. Large-scale pro-
duction of rproSin a 1 was performed under similar conditions using
the colony that rendered the best yield in the small-scale experi-
ments.

Purification of rproSin a 1

The extracellular medium obtained after centrifugation of the
yeast cells was subjected to dialysis against 50 mA/ ammonium bicar-
bonate pH 8.0, using membranes in 6,000-8,000 MW cutoft dialysis
tubing and lyophilized. The sample was dissolved in 150 mA/ ammo-
nium bicarbonate, pH 8.0, and applied to a Sephadex G-50 column.
Fractions containing rproSin a 1 were pooled and lyophilized. This
sample was dissolved in 3 mM pyrophosphate-HCI buffer, pH 9.0,
and the resulting material was chromatographed on an SP-Sephadex
C-25 column equilibrated in the same buffer. The rproSin a 1 was
eluted with a gradient from 3 to 50 mM of the pyrophosphate buffer.
The fractions containing rproSin a 1 were further purified by RP-
HPLC on a Nucleosil C;g column with a gradient (25-45%) of ace-
tonitrile in 0.1% trifluoroacetic acid.

SDS/PAGE and Analytical Procedures

SDS/PAGE was performed using 15% polyacrylamide gels [28].
Proteins were loaded in the presence or absence of 2-mercaptoetha-
nol (2-ME), and stained with Coomassie blue. N-terminal amino acid
sequence was determined by Edman degradation using an Applied
Biosystems model 477 sequencer. Mass spectrometry (MS) analysis
was carried out on a Bruker Reflex II matrix-assisted laser desorption
ionization time-of-flight mass spectrometer, as described [22]. Ami-
no acid composition of the protein was determined on a Beckman
6300 amino acid analyzer after hydrolysis of 1-2 nmol of the purified
protein with 5.7 N HCl at 105°C for 24 h. The concentrations of
purified samples were determined from their absorbance measure-
ments at 280 nm, using a theoretical molar extinction coefficient of
0.8.
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Spectroscopic Analyses

Circular dichroism (CD) spectra were obtained on a Jasco J-715
spectropolarimeter as described [22] with minor modifications. The
sample concentration was 0.2 mg/ml in 20 mM phosphate buffer, pH
7.0 and 25°C. Mean residue mass ellipticities were calculated based
on 111.65 or 114.19 for Sin a 1 and rproSin a 1, respectively, as the
average molecular mass/residue values obtained from the amino acid
compositions, and expressed in terms of (degree-cm2-dmol-!).

Immunological Analyses

IgE quantification was performed by ELISA in microtiter plates
coated with 100 pl/well of Sin a 1 and rproSin a 1 (2 pg/ml) according
to Tejera et al. [29]. After blocking with 3% nonfat milk, plates were
incubated with individual allergic sera (diluted 1:5). Binding of
human IgE was detected by mouse anti-human IgE antibodies (kind-
ly donated by ALK-Abelld, Madrid, Spain; diluted 1:5,000), followed
by horseradish peroxidase-labelled goat anti-mouse IgG (diluted
1:5,000; Pierce). The peroxidase reaction was developed using fresh
enzyme substrate (0.03% H,O,, and 0.63 mg/ml of o-phenylene-
diamine in 0.1 M sodium citrate, pH 5.0) and measuring optical den-
sity at 492 nm. Each value is the mean of two determinations.

ELISA inhibition assays were performed as described [30]. After
coating with 0.2 pg of rproSin a 1, plates were treated with the rabbit
polyclonal antiserum raised against Sin a 1 (diluted 1:300,000) pre-
viously incubated with six different amounts of Sin a 1 or rproSin a 1
(10-! to 10% ng) as inhibitors. This reaction was followed by a treat-
ment with horseradish peroxidase-labelled goat anti-rabbit IgG (di-
luted 1:3,000; TAGO). IgE-binding inhibition to Sin a 1- or rproSin a
1-coated wells was carried out with a pool of sera (diluted 1:5) pre-
viously incubated with the same amounts of Sin a 1 or rproSin a 1
used in the IgG-binding inhibition experiment. IgE-binding inhibi-
tion to yellow mustard seed extract (40 ug) was performed with 21
individual sera (diluted 1:5), using 10 ug of BSA as negative control
or 10 pug of rproSin a 1 as inhibitor. In both experiments, mouse anti-
human IgE mAb and horseradish peroxidase-labelled goat anti-
mouse IgG were used. The percentage of inhibition of the binding
after preincubation with the different inhibitors was calculated as
[(OD - ODj,)/OD] x 100, where OD and ODjyy, indicate the absor-
bance values obtained without or with inhibitors before incubation,
respectively. Each value is the mean of two determinations.

After SDS-PAGE of the purified rproSin a 1 and transferred to
nitrocellulose membranes, immunodetection was achieved by using
a Sin a 1-specific pAb (diluted 1:80,000) or a pool of sera (n = 5) from
patients allergic to mustard (diluted 1:10) as described [31]. The sig-
nal was developed by the ECL Western blot reagent (Amersham
Pharmacia Biotech) [31].

Results

Production in P. pastoris and Purification of

rproSin a 1

The ¢cDNA encoding the precursor form of Sin a 1
(proSin a 1) was amplified by PCR using two nondegener-
ate primers corresponding to the N-terminal region of the
small chain and C-terminal end of the large chain of
Sin a 1. The DNA fragment covered the small and large
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Fig. 2. SDS/PAGE analysis of rproSin a 1 production and purifica-
tion. a Time course of the expression of rproSin a 1 in P. pastoris
cells. Supernatants from cultures were harvested at different times
(in hours) after methanol induction and stained with Coomassie
blue. M = Molecular mass markers. b Purified rproSin a 1 was ana-
lyzed by Coomassie blue staining (lane 1), and by immunostaining
with a polyclonal antiserum raised against Sin a 1 (lane 2) and with a
pool of sera from patients allergic to mustard (lane 3) after transfer to
membranes.

chains of Sin a 1 including the 15 amino acids that consti-
tute the IPF of the molecule. It was cloned downstream of
the AOX1 promoter and in-frame with the a-factor secre-
tion sequence into the pPIC9 vector. The linearized con-
struction pPIC9/proSin a 1 was used to transform GS115
yeast cells. rproSin a 1 was purified from the culture
medium as described below.

The time course of the production of rproSin a 1 was
followed by SDS/PAGE analysis of the extracellular me-
dium of the yeast culture (fig. 2a). A major band of around
17 kDa appeared at 24 h of induction. After small-scale
expression, the best producing colony was used for large-
scale purification. The rproSin a 1 was purified from the
extracellular medium by three sequential chromatograph-
ic steps: gel filtration on a Sephadex G-50, ion exchange
on a SP-Sephadex C-25, and RP-HPLC on a nucleosil
C,g column. The final yield of the purified protein was
15 mg/1 of cell culture.

rproSin a 1 was analyzed by Coomassie blue staining
after SDS/PAGE (fig. 2b, lane 1) and by immunoblotting
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with a polyclonal antiserum raised against the Sin a 1
allergen as well as with a pool of sera from patients allergic
to mustard with a positive response to Sin a 1 (fig. 2b,
lanes 2 and 3). As shown in figure 2b, these IgG and IgE
antibodies recognized rproSin a 1.

Molecular Characterization of rproSin a 1

The allergen Sin a 1 showed an apparent molecular
mass of 16.5 kDa in SDS/PAGE under nonreducing con-
ditions (fig. 3a, lane 1). As this allergen is composed of
two polypeptide chains of 9.5 and 5 kDa linked by disul-
fide bonds [13], both chains were dissociated after treat-
ment with 2-ME (fig. 3a, lane 2). However, rproSin a 1
consists of a single polypeptide chain, and under nonre-
ducing conditions (fig. 3a, lane 3) as well as after reductive
treatment (fig. 3a, lane 4) a single band was detected. The
higher mobility exhibited by rproSin a 1 after 2-ME treat-
ment could be attributed to the unfolding of the molecule
as a consequence of the disulfide bond disruption.

Edman degradation of the N-terminal end of rproSin
a 1 gave the sequence RIPK indicating that the molecule
was processed in the yeast four amino acids downstream
of the expected proteolytic site and lacked the first four
amino acids (AGPF) (fig. 3b).

MS analysis of the recombinant product was carried
out and the spectrum showed a peak of 16,069 Da
(fig. 3¢). The amino acid composition of rproSin a 1 deter-
mined after acidic hydrolysis fitted well to that calculated
from the sequence deduced from the clone lacking the
four amino acids from the N-terminal end (data not
shown). Both results supported the conservation of the
rest of the primary structure of the protein.

CD in the far UV informs about the secondary struc-
ture of polypeptide chains, thus giving a measurement of
the folding of the molecule. Figure 2d shows the CD spec-
tra in the far-UV range (195-245 nm) obtained for Sin a 1
and rproSin a 1. No differences were detected either in the
shape or in the ellipticity values for both molecules.

Antigenic and Allergenic Properties of rproSin a 1

To analyze the antigenic equivalence between rproSin
a 1 and Sin a 1, ELISA inhibition experiments were per-
formed using a Sin a 1-specific polyclonal antiserum. Fig-
ure 4 shows that the binding of IgG antibodies to rproSin
a 1 was totally abolished when Sin a 1 or rproSin a 1 were
used as inhibitors. The extent of inhibition with both mol-
ecules was equivalent with minor differences, indicating
that rproSin a 1 conserved the antigenic determinants of
Sina 1.

Int Arch Allergy Immunol 2005;137:18-26 21
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Fig. 3. Molecular properties of rproSin a 1. a Analysis of Sin a 1
(lanes 1 and 2) and rproSin a 1 (lanes 3 and 4); purified proteins in
the absence (lanes —) and the presence (lanes +) of 2-ME were sub-
jected to SDS/PAGE and stained with Coomassie blue. b Scheme of
rproSin a 1. The amino acid sequence of the IPF joining the small
and large chains is displayed. The site where rproSin a 1 is processed
is indicated with an arrow. In lower case italics the amino acids
belonging to the Saccharomyces cerevisiae a-mating factor peptide
are shown. ¢ MS analysis of purified rproSin a 1; the mass/charge
ratio (m/z) is given as arbitrary intensity (ai). d CD spectra in the
far-UV range (195-245 nm) of Sin a 1 (@) and rproSin a 1 (O) at pH
7.0 and 25°C. [ ]urw = Mean residue weight ellipticity.

Fig. 4. Analysis of the IgG-binding capability of rproSin a 1. ELISA
inhibition assays of the binding of a rabbit polyclonal antiserum
raised against Sin a 1 to rproSin a 1-coated wells when Sin a 1 (@)
and rproSin a 1 (O) were used as inhibitors.
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to mustard. b ELISA inhibition analyses of the IgE binding from a pool of sera from patients allergic to mustard to
rproSin a 1- or Sin a 1-coated wells using Sin a 1 (@) or rproSin a 1 (O) as inhibitors.

To compare the IgE-binding capability of Sin a 1 and
rproSin a 1, both molecules were tested in ELISA with 28
individual sera from patients allergic to mustard. Seven-
ty-five percent (21 out of 28) of the tested sera were posi-
tive to Sin a 1. All these sera were also reactive to rproSin
a 1, with a linear correlation (0.95) for the responses to
both proteins (fig. 5a).

The IgE-binding capability equivalence between Sin
a 1 and rproSin a 1 was analyzed in ELISA inhibition
experiments using a pool of sera from patients allergic to
mustard. The IgE binding to each molecule was deter-
mined after preadsorbing the pool of sera with different
amounts of Sin a 1 or rproSin a 1 as inhibitors. Both pro-
teins showed equivalent IgE inhibition curves (fig. 5b).
These results indicated that Sin a 1 and rproSin a 1 shared
IgE epitopes.

Contribution of Sin a 1 to the Allergenicity of Yellow

Mustard Seeds

To determine the contribution of Sin a 1 to the overall
allergenicity of yellow mustard seed extract, ELISA inhi-
bition experiments were carried out using the 21 individ-
ual sera from patients allergic to mustard with a positive
response to Sin a 1. Yellow mustard seed extract-coated
wells were treated with individual sera preincubated alter-
natively with BSA or rproSin a 1. Preincubation with
rproSinal led to a considerable reduction of the IgE bind-
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ing to ELISA plate-bound yellow mustard seed extract for
most of the sera (fig. 6). The percentage inhibition ranged
between 13% (serum 19) and 83% (serum 1) with an inhi-
bition average of 54%. Interestingly, 76% of the tested
sera (16 out of 21) presented a percentage of inhibition
higher than 50%.

Discussion

Mustard has been reported for many years as an aller-
genic food. Sin a 1, a 2S albumin storage protein from
yellow mustard seeds, has been largely recognized as the
major allergen from this spice. Our group isolated the
allergen from its natural source [13]. It was sequenced
[11], and immunologically characterized [15].

One of the major goals in allergy research is to obtain
well-defined recombinant allergens that could be used to
better define its structural and immunological properties
as well as to be included in the diagnosis and specific
immunotherapy protocols. 2S albumins possess two struc-
tural properties that make their recombinant production
difficult: first, they are Cys-enriched proteins with a high
concentration of disulfide bonds, and second, they
present a complex molecular design with two different
subunits joined by this type of Cys-Cys bridges. Previous
attempts at expressing a properly folded rSin a 1 in E. coli

Int Arch Allergy Immunol 2005;137:18-26 23
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always failed [19, 20]. The genetic organization of their
genes makes feasible a biotechnology strategy using the
precursor forms for the recombinant production of these
heterodimeric proteins. The combination of this molecular
biology design and the use of P. pastoris have made it pos-
sible to obtain a variant of the mustard allergen with IgG-
and IgE-binding capabilities similar to those of the wild-
type allergen. We have produced the precursor form of Sin
a 1, both chains linked by the IPF peptide, as a recombi-
nant protein in the eukaryotic methylotrophic yeast P. pas-
toris. This strategy is supported by different facts: the IPF
is required for the correct folding of 2S albumins [32, 33].
Supporting these results, the attempts for reconstituting
the heterodimeric napins with the isolated chains were
unsuccessful [34]. On the other hand, the precursor form of
Bnlb, a 2S albumin from rapeseed (Brassica napus), was
produced in P. pastoris and showed structural and immu-
nological properties identical to its mature counterpart iso-
lated from rapeseed [23]. Finally, the yield of the recombi-
nant products in P. pastoris is usually high, and the matu-
ration mechanisms involve disulfide bond formation and
N-glycosylation processes. Moreover, the recombinant
proteins can be obtained as secreted products in the extra-
cellular medium making the purification protocol easier
since this medium is poor in endogenous proteins.
rproSin a 1 has been obtained as a soluble form and
purified to homogeneity. The rproSin a 1 is produced as a

24 Int Arch Allergy Immunol 2005;137:18-26

single polypeptide chain, as expected for the expression
design, without suffering any processing of their internal
sequences in the yeast, since both chains (small and large)
remained connected by the IPF. Previous works have
reported the presence of charged residues in the protein
sequence as a potential target for a secondary processing
of the recombinant proteins produced in P. pastoris [35];
however, such cleavage processes were not detected in
rproSin a 1. Despite of the differences between rproSin a 1
and Sin a 1 in their primary structures, both proteins
showed identical conformation as their CD spectra in the
far-UV range showed.

Recombinant allergens should be validated comparing
their immunological properties with those of their natural
forms. Therefore, IgG- and IgE-binding properties of
rproSin a 1 were compared to those of Sin a 1 using ELISA
inhibition experiments, and they indicated that most of
the epitopes of Sin a 1 were conserved in rproSin a 1. The
very small differences should be due to the polymorphic
character of Sin a 1. In addition, both forms of the mus-
tard allergen were equally recognized by all the tested sera
from patients allergic to mustard with a positive response
to Sin a 1. These results pointed out that rproSin a 1
showed equivalent allergenic properties to Sin a 1, thus
supporting the fact that the IPF is needed in the folding of
the molecule and its presence has little effect on the
immunological features of the allergen.

Palomares/Cuesta-Herranz/Rodriguez/
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The availability of rproSin a 1 has provided a powerful
tool for studying the allergenic relevance of Sin a 1 within
the mustard-allergic population and the particular contri-
bution to the overall allergenicity of this protein for each
patient. rproSin a 1 was able to block from 13 to 83% of
the IgE-binding response of the whole yellow mustard
seed extract. The high structural and immunological sta-
bility of Sin a 1 and its resistance to digestion [36] give it
the potential capability to act as a main food allergen sen-
sitizer, and therefore the use of rproSin a 1 for the in vitro
diagnosis could help to identify patients who are pri-
marily sensitized to mustard. This later aspect togeth-
er with the fact that most of the patients allergic to
mustard present with specific IgE antibodies directed to
Sin a 1 (prevalence of 75%) makes it possible to consider

rproSin a 1 as a good candidate to be included in diagno-
sis protocols of type I allergy to mustard.

Finally, this work also provides the strategy to design
and produce other allergenic recombinant variants of
rproSin a 1 that could be used for specific immunotherapy
protocols in future.
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