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Abstract

AlM: To obtain the entire gene open reading frame (ORF)
and to construct the expression vectors for recombinant
allergen production.

METHODS: Gene fragments corresponding to the gene
specific region and the cDNA ends of pollen allergens of
short ragweed (Rg, Ambrosia artemisiifolia L.) were obtained
by pan-degenerate primer-based PCR and rapid amplification
of the cDNA ends (RACE), and the products were mixed to
serve as the bridging PCR (BPCR) template. The full-length
gene was then obtained. Partially overlapping primer-based
PCR (POP-PCR) method was developed to overcome the
other problem, i.e., the non-specific amplification of the ORF
with routine long primers for expression insert decoration.
Northern blot was conducted to confirm pollen sources of
the gene. The full-length coding region was evaluated for
its gene function by homologue search in GenBank database
and Western blotting of the recombinant protein Amb a 8
(D106) expressed in Escherichia coli pET-44 system.

RESULTS: The full-length cDNA sequence of Amb a 8(D106)
was obtained by using the above procedure and deduced
to encode a 131 amino acid polypeptide. Multiple sequence
alignment exhibited the gene D106 sharing a homology as
high as 54-89% and 79-89% to profilin from pollen and
food sources, respectively. The expression vector of the allergen
gene D106 was successfully constructed by employing the
combined method of BPCR and POP-PCR. Recombinant
allergen rAmb a 8(D106) was then successfully generated.
The allergenicity was hallmarked by immunoblotting with
the allergic serum samples and its RNA source was confirmed
by Northern blot.

CONCLUSION: The combined procedure of POP-PCR and
BPCR is a powerful method for full-length allergen gene
retrieval and expression insert decoration, which would be
useful for recombinant allergen production and subsequent
diagnosis and immunotherapy of pollen and food allergy.
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INTRODUCTION

Atopic diseases such as asthma, rhinitis, eczema, pollen
allergies and food allergies have been increasing in most
industrialized countries of the world during the last 20 yearg®.
In the past years, we have improved our ability to recognize
certain aspects of the pathogenesis of inflammatory bowel
diseases, but our ability to effectively treat food and pollen
allergy remains limited. The limitations for developing
effective treatment regimens are due to some still unresolved
and ambiguous aspects of the cross-reactivity of food and
pollen allergy'?. Among the “cross-reactivity” food allergies,
the so-called pollen-related food allergies are the most
important. Patients with pollinosis have a high risk of
developing arelated food alergy, up to 70% of the patients
arealso allergic to fruits, vegetables or nuts®4. Short ragweed
(Rg, Ambrosia artemisiifolia L.) is an important source of
airborne allergens all over the world and has become an
immunodominant allergen in China. Allergen-specific
immunotherapy (SIT) represents one of the few curative
approaches towards allergy™®, for which a powerful method
is to express the recombinant allergen proteins in vitro.
Therefore, it is pivotal to obtain full-length allergen gene
and to construct the expression vector. Generally, many full-
length genes are acquired by prior acquisition of the specific
fragments, and subsequently constructed in conception with
computers by joining the amphi-end sequences obtained by
rapid amplification of cDNA end (RACE)!®. In the process,
afrequently occurred problem isthe existence of alternatives
in the amplification template. That is to say, though the
length of amplified sequencesis consistent with anticipation,
the nucleotide compositions in different sequences are
dramatically different and the existence of polymorphismis
usually observedY. Screening and detection of different
clones obtained would account for the main expenditure of
the prophase work of gene cloning. As for the expression
vector construction, specific primers needed usually comprise
two parts. One is the region for restriction recognition or the
vector specific sequences for ligation-independent cloning
(LIC), like newly developed pET-44 EK/LIC system. The
other is the gene specific region for stringent polymerase
chain reaction (PCR). The melting temperature (Tm) of such
primers always goes beyond the ordinary limit of 72, and
the amplification specificity hence is reduced. It would be
more disturbing when the GC content of the open reading
frame (ORF) ends greatly deviates from 50%, which would
usually occur in the 5’ end of the ORF. To obviate the
aforementioned problems, we have developed the partially
overlapping primer-PCR (POP-PCR) method to surmount the
non-specificity problem for long primers. This was then
combined with bridging PCR (BPCR), which was coined for
the PCR assay on joining two fragments containing a region
of sequence similarity*>*¥, to conquer the difficulty in
retrieving the full-length genein cDNA pool that was originaly
used for gene fragments cloning. In the current study, we
successfully constructed the expression vector and expressed
the allergen protein from Rg pollens, and hallmarked the
alergenicity on the purified fusion protein.
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MATERIALS AND METHODS
Subjects

Eight selected sera of patients with awell-defined case history
of Rg pollen allergy and specific IgE antibodies against Rg
pollen allergen (higher than 3.5 kUA/L) were taken in Allergy
Clinics, Shenyang North Hospital, Shenyang, Chinaand used
inthis study. Thirteen serafrom non-allergic individualswere
recruited from the First Affiliated Hospital of Medical
College, Shantou University, Shantou, China and used as
negative controls.

Preparation of PCR template

Pollens of Rg were harvested from Wuhan, one of the four
pervasive areas of short ragweed in China, and immediately
submerged in liquid nitrogen. Following powder-grinding,
total RNA was extracted by using RNeasy Maxi kit (Qiagen
Vdencia, CA, USA) according to the manufacturer’ singructions.
Reverse transcription (2 pg total RNA per sample) was then
performed by using ProtoScript first strand cDNA synthesis
kit (New England Biolabs, Beverly, MA, USA) according to
the manufacturer’ s instructions. Subsequently, the 5’ end of
the gene (gene fragment A, Figure 1) was obtained by RT-
PCR with primer pair Sg1P5/S3D10 (Table 1). Whereas the
3’ end (gene fragment B in Figure 1) was acquired by RACE
(rapid amplification of the cDNA end) method®. The cDNA
pool, along with fragment A and fragment B would be used
for the subsequent PCR templates.

Full-length gene cloning: BPCR

The amplification products A and B were mixed in equal
volume and diluted 15-fold in distilled water. Bridging PCR
(BPCR) outlined in Figure 1 was carried out by using 5 pL of
the above diluents astemplatein 25 pL of the reaction mixture
containing 1.25 U HotstarTaq DNA polymerase (Qiagen),
1xPCR buffer (Qiagen), 0.2 mmol/L dNTP, 0.4 pmol/L each
of the primer pair Sg1P5 and RAC3 (Table 1). Thermal cycling
was performed in a Peltier thermal cycler PTC-200 (MJ
Research, Watertown, MA, USA) asfollows. After an initial
step at 95 for 15 min as recommended to activate the
enzyme, the reaction temperature was decreased to 66 at
therateof -0.1  /sfollowed by anextensionat 72 for 5min,
then 7 touchdown cycleswerecarried out at 94  for 45 s, at
68 for30sandat72 for 30 s, with the annealing
temperature decreased by 1 per cycle. Subsequently, the
reaction mixture was subjected to 30 conventional cycles at
94 for45s,at66 for30s,andat72 for 2 min.
Conventional PCR was a so conducted as a control by using
cDNA pool aliquot as template. As visualized on a 12 g/L

agarose gdl, the target bands were recovered with aQlAquick™
gel extraction kit (Qiagen), cloned into pGEM-T easy vector
(Promega Company, Madison, WI, USA), and transformed
into E. coli strain IM109 (Promega). Sequencing of the positive
clones was performed by BioAsia Biotechnology Co., Ltd
(Shanghai, China). Sequence BLAST was performed in
GenBank database.
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Figure 1 Experimental design and steps involved in bridging
PCR (BPCR) and partially overlapping primer-based PCR
(POP-PCR). Gene fragments A and B had the junction region
C. Under specific temperature conditions, the fragments would
anneal together to form the template molecule, thus triggering
the amplification cascade. The partially overlapping primers
at each site of the template ends contained two primers pre-
mixed in a certain molar ratio that had sequence identity but
with different lengths. All the short primers located at the out-
ward overhang region. The sequences of all primers used are
shown in Table 1.

Expression insert decoration: POP-PCR

To decorate the expression insert, primers were designed
according to the sequence of the gene-coding region and the
specific sequence of the expression vector as recommended
by the manufacturer’ s instructions. The melting temperature
(Tm) of dl primerswas cal culated by using the software Omiga
2.0 (Oxford Molecular Ltd, Oxford, UK). Shorter overlapping
primers were additionally designed for the long primers with
theTmbeyond 72  (Table 1). The sequences of thiskind of
primers each wereidentical tothe 5’ terminal sequence of their
corresponding longer ones. Pooling together the shorter and
longer ones in different molar ratio formed the partially

Table 1 Primers used in bridging PCR (BPCR) and partially overlapping primer-PCR (POP-PCR)*

Code Definition Sequence (5" - 3’) Tm( )
Sg1P5 For fragment A and BPCR ATGTCGTGGCAGGCGTACGT 66.0
S3D10 For fragment A GGACAATGCAACATGCTTGTTGAGAGG 70.4
S5D106 For fragment B GTGGAAAGAAGGGAGCAGGAGG 66.4
RAC3 For fragment B and BPCR GCTGTCAACGATACGCTACGTAACGG 68.4
DEN3 For ORF of D106 TAATTAGAAACCCTGTTCGAGGAGATAGTCACC 68.4
POP51 For POP-PCR GACGACGACAAGATGTCGTGGCAGGCGTACGT 80.8
POP52 For POP-PCR GACGACGACAAGATGTCGTGGCA 69.9
POP31 For POP-PCR GAGGAGAAGCCCGGTTTACATGCCCTGATCGATGAGAT 80.7
POP32 For POP-PCR GAGGAGAAGCCCGGTTTACATGCC 69.7

Fragments A and B were derived from allergen gene D106. The relationship thereof and the PCR steps are shown in Figure 1. The
underlined oligonucleotides were for the specific sequences of the expression vector. Oligonucleotides in italic bold were gene
specific sequences. Primers POP51 and POP52, POP31 and POP32 formed the partially overlapping primers, respectively, which

were corresponding to the 5’ and 3’ end of the target gene.
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overlapping primers (Figure 1). Pilot assays were conducted
to optimize the molar ratio of the two primers in the partially
overlapping primer pairsfor PCR. The optimal proportion was
subsequently chosen for partially overlapping primer PCR
(POP-PCR), by using the product recovered from BPCR as a
template. As a control, the cDNA pool, originally used for
fragment gene cloning, was aso used as the PCR template in
parallel. The PCR mixture and theinitial step were similar to
those for BPCR, but with some changes in denaturing
temperature and extension time. Following the initial
denaturing step, 12 touchdown cycles at theinitiative annealing
stepat 72 for45s,andanextensionat 72  for 5minwere
performed, followed by 30 extenuation cycles, which were
initiatedat 95 for45s,at72 forlminandat 72  for
30 s, with the annealing time decreased by 1 s per cycle, and
ended by afinal extensionat 72  for 10 min. The annealing
temperature was usually adjusted according to the Tm of the
primer being used in the reaction. The target bands visualized
on the gel were purified and sequenced as described above.
However, the plasmidswere cloned into E. coli strain NovaBlue
Singles™ cells (Novagen, Madison, WI, USA), according to
the manufacturer’ sinstruction.

Northern blot

Northern blot was performed according to the manufacture’'s
manual with a dlight modification. Briefly, 20 pg RNAsfrom
pollen and the mixture of calyx and pedicel was loaded on a
formadehyde-containing gel. After running at 40 voltsfor 3 h
or s0, the RNA bandswere electrically transferred onto Nytran
SuPerCharge nylon transfer membranes (Schleicher & Schull
BioScience, Inc. New Hampshire, USA). Before stained with
methylene blue[0.2 g/L in 0.3 mol/L sodium acetate (pH 5.5)]
to investigate the transferring efficiency, RNA was UV cross-
linked onto the membrane. After destaining, BrightStar™
Psoralen-biotin (Ambion Inc., Austin, TX, USA) labeled
probe D106 was applied for hybridization in the ULTRhyb™
hybridization buffer (Ambion Inc., USA). Subsequent washing
was performed twice with abuffer containing 2xSSC (0.3 mol/L
NaCl, 0.03 mol/L sodium citrate) and 1 g/L SDS, before its
probe was detected by Phototope star detection kit (Ambion).
Finaly, the filter was exposed to Fuji medical X-ray film at
room temperature for several min.

Protein expression
After confirmation of thein-frameinsertion, the positive clones
were incubated overnight at 37  on an orbital shaker. The

plasmids therein were extracted by using QIAprep Miniprep
kit (Qiagen) and transformed into E. coli strain BL21(DE3)
(Novagen) for expression according to the manufacturer’s
instructions with a minor modification. Following overnight
proliferation of the expression transformants, the cells were
inoculatedin liquid LB medium at therate of 1%. After afurther
incubation for 4 h or so, expression of protein D106 was
induced with 0.5 mmol/L isopropyl-D-thio-gal actopyranoside
(IPTG)for2hat 30  before harvest. The expression results
were analyzed on 150 g/L SDS-PAGE.

Western blotting

After induced expression was confirmed, the recombinant
allergen Amb a 8(D106) was purified with S-Tag thrombin
purification kit (Novagen). Fifteen micrograms of fusion
protein was resolved on 150 g/L SDS-PAGE and electrically
transferred to PV DF membrane (Amersco, Solon, Ohio, USA).
After the membrane was blocked overnight with 40 g/L BSA
solution, Rg allergic serum (diluted 1:7) was added to each
membrane strip for 8 h before addition of peroxidase
conjugated goat anti-human IgE (Sigma-Aldrich, Inc., Saint
Louis, MO, USA). The blotted band was visualized with DAB
chromogenic substrate solution* (Amersco).

RESULTS

Fragment gene cloning

Gene fragments A and B corresponding to the 5'- and 3'-ends
of the gene were enriched by RT-PCR and subsequently
inserted into the vector. The sequence analysis demonstrated
that fragments A and B, sized 363 bp and 431 bp respectively,
contained a common region of 126 bp, which would provide
the junction region for BPCR. The theoretical full-length gene
joined contained the stop codon, poly (A) tail and primer
sequences (Figure 2). Bridging the two fragments produced a
novel theoretical full-length gene, which can be available under
GenBank Accession No AY 268426. BLAST with the amino
acid sequence deduced from the full-length cDNA sequence
of D106 retrieved a large number of homologous proteins
corresponding to pollen, food and contact allergens from
different species, all of which belonged to profilin family. The
BLAST data also showed that Amb a 8(D106) shared a
homology of 54-89% with pollen alergens and of 79-89%
with food allergens, which could help to cluster Amb a8(D106)
into both pollen and food allergen groups with short distances
(Figure 3).

1 ATGTCGTGGCAGGCGTACGTGGATGACCACTTAATGTGCGAGATCGAGGGCAACCACCTTTCTGCCGCTGCCATCATCGGCCAC
M SWQAYVDDHLMECETILIEGNHLSAAATILIILGH
GACGGCGTCGTTTGGGCTCAGTCAGCCACCTTCCCTCAGGTCAAGCCAGAGGAAATAACTGGGATCATGAATGACTTTAATGAA
DGVVWAQSATFPQVKPETEITS®GIMNIDFNE
CCTGGCTCTCTTGCACCGACTGGTTTATACCTTGGTGGTACCAAGTATATGGTTATTCAAGGCGAGCCAGGAGCTGTGATTCGA
PGSLAPTGLYLGGTI KYMVIQGEFP®P % AV IR
GGGAAAAAGGGACCAGGAGGTGTTACTATTAAAAAGACAACAATGTCCTTGATCATTGGTATCTATGATGAACCCATGACTCCA
G KKGPGGVTIKKTTMSLII1ITGIYDEFPMTFP
é3GACAATGCAACATGCTTGTTGAGAGGCSTGGTGACTATCTCCTCGAACAGGGTTTCEEEhTTACTTGTGGAAGCGATAGCGTA
G QCNMLVERPGDYTLLET QG F Stop
TTAGTAATTAAAGCTCCTGGAGTTGTAAGCCAGGTGGTTGATGCTTGATGAACAGTCTTTGAATTGATCAAACTTCCCCTTGTA
TTATCCTTCTCATGACAAAGTGTGATGGAAGTTTCTTTTCTTTTGTAACTGGAGTGTATTTTGATTATTATTTTCAACGGTTTG

GTATTAATATAACACCTTTGCTTGTGTAAAAAAAAAAAAAAAAACACTGTCATGCCGTTACGTAGCGTATCGTTGACAGC
5

Figure 2 cDNA sequence of novel allergen gene D106 from short ragweed pollens. The five shadowed regions represent the
primer sites, Sg1p5, S5D106, S3D10, DEN3 and RAC3.
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Figure 3 Phylogenetic relationships between newly obtained pollen allergen D106 (Amb a 8(D106)) and its cognates from GenBank
as inferred from CLUSTAL W (1.82) alignment of the amino acid sequences. Amb a 8(D106) shared a homology as highly as 54-
89% with different pollen allergens (from mugwort CAD12862 to apple Q9XF41) and as 79-89% with different food allergens

(from peanut Q9SQI9 to peach Q8GT39).

Northern blot

To confirm the RNA derivation of cDNA of D106, Northern
blot was performed. After blotting and UV -cross linking,
methylene blue-staining of the membrane exhibited the sharp
rRNA bands, suggesting the successful transferring and good
quality of RNA. The sharp hybridization bands proved the
pollen derivation of the cloned alergen cDNA (Figure4). D106
could be detected both from pollen RNA and the RNA mixture
from calyx and pedicel, which ruled out the PCR false
derivation of D106.

D106

28S rRNA
18S rRNA

Figure 4 Northern blot profile confirming RNA derivation of
cDNA of the newly obtained gene D106. Lane 1, total RNA
from calyx and pedicel; Lane 2, total RNA from pollen. Both
lanes exhibit obvious bands, suggesting the real RNA deriva-
tion of D106.

Enhanced amplification specificity

In order to clone the full-length gene coding region for expression
vector construction, wefirst resorted to general PCR by using
the cDNA pool as atemplate with the primers formerly used.
However, no sharp bands of expected sizes were exhibited on
the loaded agarose gel for general PCR, though a number of
PCR conditions were applied. After the template was changed
to the mixture of gene fragments A and B previously acquired,
the bridging PCR (BPCR), as outlined in Figure 1, produced
the optimal results with sharp bands and exact size observed
(Figure 5). The gene sequence achieved was identical to that

spliced from gene fragments A and B, indicating that the ORF
of the target gene D106 was contained.

M 1 2 3 4 5

bp
2000

1 000

750
500

250
100

Figure 5 Agarose gel electrophoresis of PCR products. The
PCR steps were depicted in Figure 1. Template in lanes 1, 2
and 5 is the mixture from gene fragments A and B; while tem-
plate in lanes 3 and 4 is the BPCR product (lane 5). Lane 1,
primer Sg1P5/RACS3; lane 2, primer POP51/POP31; lane 3,
POP-PCR with primer POP51+POP52/POP31+POP32; lane 4,
general PCR of the ORF of D106 with primer pair Sg1P5/DENS3;
lane 5, BPCR of full-length D106 with primer Sg1P5/RACS;
M, molecular marker.

Decoration of expression insert

For comparison between conventional megaprimers and
partially overlapping primers (POP), their amplification
products were exhibited in parald on the agarose gdl (Figure 5).
Longer primers and their relative shorter ones for POP-PCR
listed in Table 1 were pre-mixed in amolar ratio of 1:1, 1:10,
1:50, 1:100. Hence 16 POP-pairsin different molar ratioswere
formed corresponding to both ends of the ORF of the gene,
each of them was used for one reaction only. Comparison of
the parallel PCR results showed that forward and reverse POPs
in the molar ratios of 1:10 and 1:1 could produce the optimal
amplification results, while conventional PCR exhibited the
smear products with wrong sizes (Figure 5). The products
recovered from target bands were successfully introduced into
the expression vector pET-44 EK/LIC (Novagen) and
transformed into E. coli strain NovaBlue Singles™ competent
cells. Sequencing of the positive clones demonstrated that the
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insert was in-frame and identical to those splices from gene
fragments A and B and flanked by the vector specific sequence
at both sides, indicating that the insertion was correct.

Protein expression and immunoblotting

Following proliferation of the clones selected, plasmids were
extracted and successfully transformed into E. coli strain BL21
(DES3) for expression. SDS-PAGE analysis showed that the
fusion protein was expressed mainly in a soluble form, with a
molecular weight of 70 kDa as expected (Figure 6A).
Immunobotting result showed that the purified fusion protein
could bind to IgE in the sera of alergic patients (Figure 6B),
suggesting the allergenicity and the correct expression of the
allergen protein.
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Figure 6 SDS-PAGE analysis (150 g/L) for expression (panel A)
and immunoblot of fusion pollen allergen D106 (panel B). Panel
A: 1. Lysate pellet of induced cells; 2. Cells without IPTG
induction; 3. Supernatant of induced cell lysate; 4. Purified
fusion pollen allergen D106; M. Broad range prestained SDS-
PAGE standards (Bio-Rad, Hercules, CA, USA). Panel B: Fu-
sion protein D106 was blotted with 8 serum samples from pol-
len allergic patients. Each strip represents one serum sample.

DISCUSSION

As industrialization developed, atopic diseases have been
increasingly concerned in the past decades?. It is known that
pollen-allergic patients frequently present allergic symptoms
after ingestion of several kinds of plant-derived foods. The
majority of these reactions were caused by cross-reactive
structures that are present in pollens'?. Allergic proteins
containing these structures are often called ‘ panallergens'.
Cloning the panallergen gene and expressing the recombinant
protein would be one of the fewer prospective waysto pollen-
food allergy diagnosis and immunotherapy™. This study
aiming this goal successfully cloned an allergen gene D106
from short ragweed pollens and expressed the recombinant
protein. Interestingly, the newly cloned gene showed a high
homology not only with other pollen-derived profilins but also
with food-derived profilins from numerous species. The
allergenicity of the recombinant protein was primarily detected
by its binding to the serum IgE from the Rg pollen allergic
patients, of which 20% of the chief complaints expressed the
food allergy of different kinds. Based on the homology results
and the widely accepted rule-of-thumb that 30% or 35%
identity over aligned regions could suffice for the structural or
functional deduction**67 it istherefore tempting to speculate
that the recombinant protein acquired in this study would be a
useful tool both for pollen and food allergy study, and for
diagnosis and immunotherapy.

The novel gene discovery by using suppression and
subtractive hybridization (SSH)!*#'® and/or reverse genetic
method®?” could clearly validate the overall strategy for the
preparation of gene fragments. However, obtaining the full-
length genes is needed for more investigations of gene
functions. One of the pivotal stepsin the process of obtaining
the full-length genesisto generate the target genes from their

fragments. The most commonly used methodsfor thisat present
were to screen the cDNA library!®-23, or back to the cDNA
pool that was originally used for gene fragment detection(?3,
Numerous polymorphic clones obtained would render these
methods to time-consuming, expensive and liable to produce
the microherterogeneity of the genes. In BPCR, only if an
appropriate length region of sequence similarity existed, the
two fragments could be spliced together. Obvioudly, the spliced
sequence would be faithfully identical to that of the fragments
originally used. Therefore no more screening work was needed.
In order to anneal the two fragments and form a template
moleculeg, it isakey point to optimize the annealing temperature
according to the Tm of the junction regions of two gene
fragments to be spliced, with the primers used in the reaction.
Following this principle, BPCR would splice any two gene
fragments with homology junction. Notably for the junction
sequences either coming from the nature, or intentionally
synthesized (see below), exact identity is not necessary but it
does require a certain degree of homology to anneal the two
fragment genes. Therefore, two heterogeneity genes could be
spliced by BPCR method to form a novel chimeric gene or
hybrid gene, which would be useful for gene function study
and disease treatment.

Introducing restriction site and/or the specific sequences
of vector to the primersis considered asacrucia step for exact
insertion of exogenous gene into the vector, through which
relatively long primers could be produced. It was well known
that these longer primerswould be easier to enhance the chance
of non-specific amplification. To eliminate the potential non-
specific amplification, partialy overlapping primer technique
was developed in the current study. According to the outward
overhang sequence of the longer primers, the shorter identical
seguence was synthesized and mixed in an appropriate molar
ratio with the longer ones, thus forming the partially
overlapping primer mixture. With this technique, increased
amplification specificity was achieved, and the tedious
screening process of target clones was avoided. According to
the protocol of the partially overlapping primer, POP-PCR can
be used for the amplification assays that are relevant to the
addition of alength of extending sequence. It is therefore
tempting to suggest that any genes that have no sequence
similarities can be accommodated with the junction sequence
and spliced together with repeated use and reciprocal
combination of BPCR and POP-PCR to form anovel gene (or
full-length gene). As this is concerned, a relatively more
complicated procedure but with different efficiencies and
proposes has been recently developed®.
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