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'The cloning and bacterial expression of the major allergen from yellow mustard
(Sin a 1) is reported. Cloning has been carried out by means of the polymerase chain
reaction using non-degenerate oligo primers encoding the N- and C- terminal regions of
the mature protein. Two nucleotide sequences (SA2S1 and SA2S2) have been found and
analysed. The observed polymorphism suggests the existence of multiple isoforms for Sin
a L allergen. SA2S2 has been expressed as a fusion protein, linked to the choline-binding
domain of the Streptoccocus pneumoniae murein hydrolase. The resulted fusion protein
is recognized by Sin-a-I-specific antibodies.

1993 Academic Press, lInc.

The cloning and recombinant expression of allergens is relevant because allows
the production of large quantities of pure protein for basic and clinical research. They
are also potentially useful for the design and production of recombinant sequences to be
used as competitive analoges of the IgE binding in clinical applications. However, so far
there is a little number of cloned allergens (1), and the production of recombinant
allergens has been limited to proteins from mites and plant pollens.

Food allergies are frequent immunological diseases (2). Among them, table
mustard produces atopic responses in sensitive individuals which occasionally lead to
anaphylactic shocks (3). The major allergen from yellow mustard (Sinapis alba) seeds is
the 28 storage protein, Sin a I, which has been isolated (4), immunologically characteri-

zed (5) and sequenced (6). The 2S storage proteins from Brassicaceae (napins) are
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Abbreviations: PCR, polymerase chain reaction; IPTG, isopropyl-thio-8-D-galactoside;
C-LYTA, C-terminal domain of murein hydrolase.

encoded by genes without introns, and all of them are synthesized as polypeptide
precursors which must be processed by specific maturation proteases to render the two
chains of the native protein (7-12). Due to both its small size and its relatively well
known antigenic structure, Sin a I could serve as a model system to study the basic
structural requeriments for immune recognition of allergens. We have carried out in this

research the cloning and bacterial expression of Sin a I, in order to obtain modified

forms of this allergen.

MATERIALS AND METHODS

PCR amplification: Genomic DNA was isolated from Sinapis alba L. seeds by a
method adapted from Murray and Thompson (13). The sequence encoding the precursor
of Sin a I allergen without its leader sequence was amplified by the polymerase chain
reaction (PCR) using non-degenerate oligo primers encoding the N- and C- terminal
amino acid sequences of the Sin a [ allergen (6). The codon usage was selected in basis
of the nucleotide sequences of homologous proteins (7-12) and EcoRlI restriction sites
were incorporated at the 5’ ends of each primer to facilitate ligation of the amplified
DNA into vectors (14). Genomic DNA (50 ng) was amplified in 100 ul of PCR mixture
containing 0.5 uM deoxynucleotide triphosphates (dNTPs), 0.5 uM oligonucleotide
primers, the manufacturer’s buffer and 2 U of Tag polymerase (Boehringer). For
reamplifying PCR products, the PCR reactions contained 1 ng of template in the same
reaction mixture described above. All the reactions were carried out in quadruplicate.

Cloning of PCR products and sequencing: The purified PCR-generated DNA was
digested with EcoRI, cloned into plasmid vector pUCI8 and sequenced by double-

stranded dideoxy chain termination method (15,16), using the Sequenase Kit (US
Biochemicals).

Expression and immunodetection of the fussion protein: The SA2S2 PCR product
was inserted into the pCE17 plasmid (17) and transfected into E. coli cells (DH1). The
expression was obtained after induction with I mM IPTG, and the chimeric protein was
detected in Western blotting (18) using rabbit polyclonal sera directed against the carrier
protein (C-LYTA) or Sina I.

RESULTS AND DISCUSSION

PCR amplification resulted in two fragments (Fig. 1) with estimated sizes of 440
and 370 bp. The 440 bp PCR-generated fragment had the appropriate size to encode the
precursor of Sin a I allergen without the leader sequence. This fragment was isolated
from agarose gels, PCR-reamplified and cloned into the EcoRI site of pUC18.

Two clones (SA2S1 and SA2S2) containing a 435 bp PCR-generated fragment
were isolated and sequenced. Both nucleotide sequences (Fig. 2) encode the two

polypeptide chains of yellow mustard allergen linked by the conecting peptide. The
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amino acid sequences deduced from these clones are not identical to the primary
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Fig. 1. Agarose gel electrophoresis (2%) of PCR-amplified DNA. The location of the
amplified bands is indicated by arrows. 1, Genomic S.alba DNA: 2, reamplified 440 pb
band. Lane M contains HindIII digested A DNA.

Sin a 1

Pro Ala Gly Pro Phe Arg Tle pro Iys Cys Arg Lys Glu Phe Gln Gin ala Gln His Leu 20
SA251 ; UC_LCA 1T AGG ATT CCA AAA TGT AGG AAG GAG TTT CAG CAA GCA CAA CAcC TG 60
SA252 A
Sin a 1 Ser 1---

Arg Ala Cys Gln Gln Trp Leu His Lys Giln Ala Met Gln Ser Gly Ser Gly Pro Sser Trp 40

SA2S1 AGA GCT TGC CAA CAA TGG CTC cAC AAG CAG GCA ATG CAG TCC GGT AGT GGT CCA AGC TGG 120
G A G T T
1 Gly Leu

Thr Leu Asp Asp Gln Phe Asp Fhe Glu ASp Asp Met Glu Asn Pro Gln Gly Pro Gln Gin 60

SA251  ACC CTC GAC GAT GAG TIT Gar TTT GAA GAC GAT ATG GAG AAC CCA CAG GGA CCA CAG CAG 180
g G
Ala Tyr Gly

Arg Pro Pro Leu Leu g
AGG CCA CCA CTA oTC o

S GIn Glu ¢lu pro Leu Cys val 80
CAG GAA GAG CCA CTT T6C GTT 240

Sin a I Glu
o Cys Pro Thr Leu Lys 6ly Ala sey Lys Ala val Lys GIn Gin val Arg Gln Gln Leu Gly 100
SA251 TGC CCA AcC TTG AAA GGA GCA TCC AAA GCC GTT AAA CAG CAG GTT AGA CAA CAG CTG GGG 300
SA2S52 T T A A
Glu

Sin a1 - - -

Gln Gln Gly Gln Gln Gly Pro His pey Gln His val Ile Ser Arg Iie Tyr Gln Thr Ala 120
SAZS1 CAG CAG GGG CAG CAG GGA o cac CTG CAG CAT GTA ATT AGC CGT ATC TAC CAG ACT GCT 360
SA282 A A A

gin a1 . Pro

Thr His Leu Pro Lys val Cys Asn lle Arg Gln Val Ser val Cys Pro Phe Lys Lys Thr 140
SA251 ACA CAC TTA ccT AAA GTT TGC AAC ATC AGG CAA GTT AGT GTT TGT CCC TTC AAG AAG ACC 420
SA252 G

Sin a 1
Met Pro Gly Pro Ser 145
SA2S1 ATG COT GGA CCC TCC 435

SA2S82
Fig. 2. Nucleotide sequence of PCR products SA2S1 and SA2S2. The deduced amino
acid sequence is shown above (SA2S1) or below (SA2S2) the codons. In the first line are
represented the differences in respect tothe previously determined primary structure of a
mature allergen isoform, Sin a 1 (6). The arrows indicate the cleavage sites during the
processing of the precursor protein. Line between arrows represents the linker segment,
which is absent in the mature allergen. The oligo primers used in the amplification
reactions (without the EcoRI sites) are underlined.
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structure determined for the mature allergen isolated from seeds. This fact confirms the
existence of polymorphism in this allergen, which was previously detected during the
elucidation of its primary structure by Edman degradation (6).

Both sequences show small differences among them which are mainly located in
the linker peptide removed during maturation. It is well stablished that evolutionary
changes are faster in Sequences encoding either nonfunctional polypeptide segments (19),
or regions removed during the postranslational maturation, e.g. leader peptides or
connecting fragments (20). Therefore, a higher heterogeneity should be expected in the
nucleotide region encoding the connecting peptide of the Sin a I precursor than in that
corresponding to the mature protein.

Itis interesting to point out that heterogeneities observed near the processing sites
can play an important role in the proteolytic maturation of the 28 storage proteins, since
they can affect the structural motifs recognized by the endoprotease activities involved
in that process. These microheterogeneities could lead to different lengths and sequences
in the polypeptide chains of the mature protein as it has been observed for napins (21).
On the other hand, Asn at position -1 of the large chain originate a sequence motif that
could be recognized by the proteolytic activity recently proposed as a functional

maturation protease in seeds (22).
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Fig. 3. Construction of PCESa2 encoding a C-LYTA-SA2S2 fusion protein. The white
box indicates the secuence encoding the C-LYTA protein. The SA2S2 sequence is
indicated by a dashed box. Other symbols are: E, EcoRI restriction site; Ap~, ampicillin
resistance; [pp’-S, lipoprotein promoter; lac”, lactose promoter/operator.
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Fig. 4. Immunodetection of the C-LYTA-SA2S2 fusion protein. Lanes 1: crude extract
of E. coli DH1 [pCE17] used as control; lanes 2: crude extract of E. coli DI [pCESa2].
(a) SDS/PAGE gel stained with Coomassie blue. (b)Western blot analysis developed
with anti-(C-LYTA) scrum. (¢) Western blot analysis developed with anti-(Sin a 1) serum.
Positions of molecular mass markers are indicated on the left.

In order to obtain the hacterial expression of Sin u 1 allergen, the SA2S2 PCR
product was inserted into the pCE17 plasmid. This plasmid contains the 3° moiety of the
lye4 gene from Streptococcus preumoniae (C-LYTA) downstream of a modified E. coli
lipoprotein promoter (/pp™-5) and the lactose promoter/operator region (lac™) (Fig. 3).
C-LYTA is a choline binding domain that should allow the purification of the
recombinant fusion protein by using an affinity chromatography in DEAE-cellulose (23).
After induction with IPTG, a cytoplasmic chimeric protein of an aparent size of 32 kDa
is detected in cell lysates using rabbit polyclonal sera obtained against C-LYTA or Sin
a I (Fig. 4). This recombinant protein is produced in an estimated concentration of 8-10
mg per litre of cell culture, and it is accumulated into cells in an insoluble form.

The insoluble nature of this chimeric protein has disabled its purification from the
crude bacterial homogenate in a single chromatografic step using DEAE-cellulose. But.
insolubility can facilitate the purification of recombinant proteins (24). However, the
overall yield of the purification will be dependent on the efficiency of the Sin a I allergen
renaturation. The structural and immunological characterization of recombinant Sin a
I should be of unestimable aid to study structure-allergenicity relationships in this

protein.
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