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Introduction

Accurate allergy diagnosisand efficient immunotherapy

Abstract

Aim: To clonethe pallen allergen genesin Humulus scandens (Lour) Merr (LUCao
in Chinese) and short ragweed (Ambrosia artemisiifolia L) for recombinant aller-
gen production and immunotherapy. Methods: The allergen geneswere selec-
tively amplified in the weed pollen cDNA pool by using aspecial PCR profile, with
the primers designed by a modeling procedure. Following truncated genecloning
and confirmation of the pollen source, unknown 3'cDNA endswere identified by
using the 3-RACE method. Thegenefunction conferred by thefull-length coding
region was eval uated by a homologue search in the GenBank database. Recombi-
nant proteins expressed in Escherichia coli pET-44 RosettaBlue cells were subse-
guently characterized by N-terminal end sequencing, IgE binding, and cross-
reactivity. Results: Three full-length cDNAs were obtained in each weed. Mul-
tiple alignment analysisreveal ed that the deduced amino acid sequences were
83% identical to each other and 56%—90% identical to panallergen profilins from
other species. Five recombinant proteins were abundantly expressed in non-
fusion forms and were confirmed by using the N-terminal end sequence identity.
Sera from patients who were alergic to A artemisifolia reacted not only with
rAmb a8(D03) derived from A artemisiifolia, but also with recombinant protein
rHum s 1(LCM9) derived from H scandens, which confirmed the all ergenicity and
cross-reactivity of the recombinant proteins from the 2 sources. Comparison of
the degenerate primers used for truncated gene cloning with the full-length cDNA
demonstrated that alternative nucl eotide degeneracy occurred. Conclusion: This
study demonstrates a useful method for cloning homol ogous allergen genesacross
different species, particularly for little-studied species. The recombinant aller-
gensobtained might be useful for theimmunotherapeutic trestment of H scandens
and/or A artemigifolia pollen alergies.

structures, functions and immunoreactivity to their native
counterparts could be used to overcome this problem, given
that they can be produced in large quantities, leading to

protocols are strongly dependent on the use of standard-
ized extracts or well-characterized allergen mixtures™3.
However, sandardization of specific allergens from natural
allergen extractsis a hugetask and it is almost impossible
to carry out standardization on alarge scale for day-to-day
clinical practice. Recombinant allergens that have similar
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more specific, effectiveand safer immunotherapy treatment®.

Currently, gene cloning for novel allergensis mainly
based on the construction of a cDNA library, which istime-
consuming and expensiveé® . Other methods for isol ating
unknown allergensinvolve using the polymerase chain re-
action (PCR) with either degenerate primers consisting of a
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pool of primers containing mog or all of the possible nucle-
oti de sequences encoding a conserved amino acid motifi*?,
or consensus primers consisting of asingle primer contain-
ing the most common nucleotide at each codon position
within the motif™. Although these strategies have been
successful in isolating closaly related sequences, they have
generally failed when sequences are more distantly related™.
Many programs and algorithms have been developed for
sequence comparisons of multiple members of protein fami-
lies®*®!, By using alignment techniques, the first amino
acid sequence that emerges, that is, the sequence aligned
uppermost in each large and dense cluster in the output tree
produced, has provided the most information about amino
acid diversityin the cluster. In the current study, werefer to
these sequences as “core sequences’, and we designed the
degenerate primers based on the core sequences and their
cognates. Under special PCR conditions, we expected that
the degenerate primers could match all associated sequences
in the abovementioned cluster, and thus could be used for
cloning new allergen gene members in a distantly related
species. We will hereafter refer to these primers as “ pan-
degenerate primers’. We expected that the process involv-
ing the pan-degenerate primers would be more efficient and
less expensive than the cDNA library technique, and would
have a higher success rate than an ordinary PCR method.

Humulus scandens (Lour) Merr (Moraceae: Cannaboidese;
Lcao in Chinese) is aweed that grows in most provinces of
China. The plant blossomsin summer and bears a large
guantity of pollen. Short ragweed (Ambrosia artemisiifolia
L; Compositae) is one of the most invasive weeds in the
world. It wasintroduced to Chinain 1930s, and isnow dis-
tributed from the Yantze River to the 3 northeastern prov-
inces of China. Nanning, Wuhan, Nanchang-Jiujiang and
Shenyang-Tiding-Dandong arethe 4 areasin which theweed
ismost pervasivein China. Pollen from H scandens and A
artemisiifolia have become the main source of pollen aller-
gensin this country. However, littleis known of the actual
allergensin the pollen of theweeds. In thisstudy, we report
on the cloning, expression and characterization of 6 pollen
allergen genesfrom the 2 weeds. Following the non-fusion
expression and purification of the 5 encoded proteins, 2 rep-
resentative proteins of the 5, provisonally namedrAmb a8
(D03) andrHum s 1(LCM9), wereimmunol ogically character-
izedin detail.

Materials and methods

Sample preparations Wild plantsof H scandensand A
artemisiifolia were harvested in Wuhan. Flowers were
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bagged, and the pallen collected from each plant was mixed
with other pollen collected from the same plant. All pollen
collected wasimmediately submerged in liquid nitrogen un-
til use. Twenty-five patients with A artemisiifolia pollen
allergy and 10 patients with H scandens pollen allergy (as
assessed by apositive skin prick test reactionto A artemisi-
ifolia and aserum level of A artemisifolia/H scandens spe-
cific IgE higher than 3.5 kU,/L) and 13 healthy volunteers
wererecruited. Blood samples weretaken from all partici-
pantsin the Allergy Clinic, Shenyang North Hospital. All
the samples were tested by using the Uni CAP Specific IgE
Fluoroenzyme mmunoassay (Pharmacia Diagnostics AB,
Uppsala, Sweden). After centrifugation at 500%g, 4 °C, for 10
min, serum from each individual was collected and stored at
-70 °C until use. The study was approved by the Ethics
Committee of Shenyang North Hospital, Shenyang, China,
and written informed consent was obtained from all
participants.

Primer desgn The478 pollen allergensand their related
sequenceswereretrieved by keyword searchesin the SWISS-
PROT and TrEMBL websites (http://www.expasy.org) and
were multiple-aligned online by using Clustal W softwarée?®.
For alignment, the default values were used to obtain the
output tree in a phylogram pattern, with the absolute dis-
tances labeled. The uppermost allergen sequence in each
large and dense cluster in the output tree was taken asthe
core sequence. Therewere several of these core sequences
found in the output phylogenetic trees. Based on the core
seguences, allergen sequences with high homology (with
BLAST E values<10™) were selected for further anaysisto
acquire conservative genedomains. Pan-degenerateprimers,
which we expected to be successful in all species, were thus
designed according to cDNA sequences of the conserva-
tive domains chosen.

RT-PCR analysis Frozen pollen sampleswere groundin
amortar filled with liquid nitrogen, and the total RNA was
extracted by using an RNeasy Maxi Kit (Qiagen Valencia,
CA, USA) according to themanufacturer’ sinstructions. Af-
ter quality and concentration assessments, the RNA was
either immediately used for RT-PCR analysis or stored at
-80°C until use.

After reversetranscription (2 pg total RNA per sample)
was performed by using the ProtoScript First Strand cDNA
Synthesis Kit (New England Biolabs, Beverly, MA, USA)
according to the manufacturer’ sinstructions, PCR was car-
ried out by using 50 ng of the reverse transcription product
in 25 L of the reaction mixture containing 1.25 U HotstarTeq
DNA polymerase(Qiagen), 1x PCR buffer (Qiagen), 0.2mmol/L
dNTP, and 0.4 umol/L of each primer. Thermal cycling was
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performedin aPTC-200 Pdtier Thermal Cycler (MJResearch,
Watertown, MA, USA) as follows: after an initial step at
95 °C for 15 min to activate the DNA polymerase, 9 touch-
down cycleswerecarried out at 94 °Cfor 45, 68 °Cfor 30 s
and 72 °Cfor 30 s, with theannealing temperature decreas-
ing by 1 °C per cycle. Thiswas followed by 26 gradient
cyclesat 94 °C (45 5)—55°C—61°C (30 5)—72°C (30 9).
After purification with a QIAquick PCR Purification Kit
(Qiagen), the PCR products were cloned into the pGEM-T
easy vector (Promega, Madison, WI, USA). Theinserted
plasmidsweretransformed into IM109 (Promega). Positive
clones were confirmed first by colony PCR with the former
PCR primers, and then by sequencing. DNA sequencing
was carried out by the BioAsia Biotechnology Co (Shanghai,
China) by using the dideoxy chain-terminating method.
Full-length cDNA synthes sand sequencing Theclones
derived from the degenerate primers did not cover the full-
length coding region. Gene-specific primerswere therefore
synthesized (Table 1), and combined using the RACE pro-
cess™ with RA3, a3 reverse primer from the GeneRacer Kit
(Invitrogen Corporation, Carlsbad, CA, USA). The PCR con-
ditionswere amilar tothosefor RT-PCR, with adight modi-
fication in the denaturing temperature and extension time.
PCR productswerealso cloned into the pGEM-T easy vector,
and positive clones were confirmed by colony PCR and
sequencing. Full-length cDNAS, acquired by deduction of
thetruncated geneand its 3' end, weretrandated into amino
acid sequences, with their isoelectric point and molecular
weight calculated (http://www.expasy.org). cDNA and pro-
tein homol ogues, retrieved by using the BLAST programin
the NCBI website (http://www.ncbi.nlm.nih.gov/), were

aligned by using the CLUSTAL W (1.82) program™. Phylo-
genetic trees were subsequently generated using MEGA?2
software™®,

Northern blot Northern blotswere performed according
tothemembrane manufacturer’ sinstructions. Briefly, atotal
of 20 ug RNA was loaded on to a formal dehyde-containing
gd. After running the gelsat 40 V for 3 h, the RNA bands
were electrically transferred onto Nytran SuPerCharge ny-
lon transfer membrane (Schleicher & Schull BioScience, New
Hampshire, USA). After UV cross-linking tresatment, themem-
brane was stained with methylene blue [0.02% [w/v] methyl-
enebluein 0.3 mal/L sodium acetate(pH 5.5)] to investigate
thetransferring efficiency. Following destaining, BrightStar
Psoralen-Biatin (Ambion Inc, Autin, TX, USA)-labe ed probe
D03 wasapplied for hybridization in ULTRhyb hybridization
buffer (Ambion Inc). The membrane waswashed twicewith
abuffer containing 2x SSC (0.3 mol/L NaCl, 0.03 mol/L so-
dium citrate) and 0.1% sodium dodecylsulfate before the
probes were detected by using the Phototope Star Detec-
tion Kit (New England Biolabs). Finally, thefilter was ex-
posed to Fuji Medical X-ray film at room temperaturefor 5-
8min.

Protein expresson and immunoblotting To enablenon-
fusion protein expression, the S-protein tag and His-tag were
removed from the pET-44 vector and the allergen-coding re-
gionswere decorated by introducing restriction sites (5' Ndel
and 3' Pstl) by PCR using the corresponding primers (Table
1). Subsequent to double restriction digestion and
purification, the PCR products were ligated with the pET-44
EK/LIC vector (Novagen, Madison, WI, USA). After trans-
formation of the ligation products into NovaBlue Singles

Table 1. Sequences of primers used in this study. The underlined sequences denote the restriction sites of Ndel and Pstl, respectively. Bracketed

alternative nucleotides in primer Sg1P3 represent the degenerate loci.

Primer Sequence (5' — 3) Length (base) Use
Sg1p5 ATGTCGTGGCAGGCGTACGT 20 Degenerate PCR
Sg1p3 CCTCTCAACAA(T/G)CA(CIT)GTTGCATTGTCC 32 Degenerate PCR
PC11 GACCATCTGATGTGCGAAATCGATGG 26 Specific PCR
PAO4 GGGAACCAGGTGCTGTTATCAGAGG 25 Specific PCR
PD10 GGAGCTGTGATTCGAGGGAAAAAGG 25 Specific PCR
PD03 CTGCATCAAGAAAACAGGCCAAGC 24 Specific PCR
RA3 CTGCATCAAGAAAACAGGCCAAGC 24 Specific PCR
A5RA4 GGTCATATGTCGTGGCAGGCGTACGT 26 For construct
B3LA4 AGTCTGCAGTCATTAGAAACCCTGTTCGAGGAG 33 For construct
B3LD3 ATCTGCAGTCATTACATGCCCTGATCGATGAGAT 34 For construct
B3CM9 AGTCTGCAGTCATTAGAGACCCTGATCAATGAGATAATC 39 For construct
B3Cs13 AGTCTGCAGTCATTAGAGGTTCTGATCAATAAGGTAATCTC 41 For construct

SProt CACGATGCGTCCGGCGTAGAG

21 Colony PCR
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cdls (Novagen), positive donesand in-frameinsertionswere
confirmed, initially by colony PCR with the primer SProt and
3' primers related to each clone, and then by sequencing
withtheS-Tag 18-mer primer or ColiDown primer (Novagen).
Plasmid DNA was extracted with the QI Aprep Miniprep Kit
(Qiagen), andtransformedinto E coli RosettaBlue (DE3) cdlls
(Novagen) for expression, following the manufacturer’s
instructions. Cellsweregrownin 1L Luria-Bertani (LB)-
medium until the ODg,, value reached 0.6. Target protein
expression wasinduced by the addition of isopropyl-D-thio-
galactopyrancside (IPTG) to 1 mmol/L for 4 h at 30 °C before
harvest. Finally, the recombinant proteinswere purified by
affinity chromatography using poly-(L)-proline asthe solid
phase. The bacterium lysate was applied to the column,
followed by washing with 1 mol/L ureaand el ution with 6
mol/L urea. The elution product was dialyzed stepwise
againg decreasing amountsof urea (6, 4, 2mol/L, nourea) in
phosphate-buffered saline (PBS; 1.8 mmol/L potassium
phosphate, pH 7.4, 0.137 mol/L NaCl) and then dialyzed
against double-distilled water, followed by freeze-drying.

Purified rAmba8(D03) and rHum s(LCM9) weresd ected
as representatives for immunaoblotting. Fifteen micrograms
of protein were loaded onto the 15% SDS-PAGE gel, and
were then electrically transferred to a polyvinylidene
difluoride (PVDF) membrane (Amersco, Solon, OH, USA).
Following blocking the membrane overnight with a 4% bo-
vineserumalbumin solution at 4 °C, adlergic sera (diluted 1:7)
were added to each membrane strip for 2 h before the addi-
tion of peroxidase conjugated goat anti-human IgE (Sigma-
Aldrich, Saint Louis, MO, USA). The blotted band was fi-
nally visualized with adiaminobenzidine (DAB) chromoge-
nic substrate solution (Amersco).

N-terminal end sequencing Sequencing of the N-termi-
nal end of recombinant proteinswas performed by using the
Applied Biosystems Procise 491 Sequencer from Applied
Biosystems, according to the manufacturer’ sinstructions.

Results

Homology between different allergen genes The 478
pollen allergens obtained from the SWISS-PROT and
TrEMBL websites were clustered into 8 large groups, which
consisted of anumber of subgroups. Further searching with
the core sequences from each subgroup demonstrated that
these core sequences matched a large quantity of closey
related homologues. For instance, Q9XF40, thefirst core
sequencein group 8, was an apple pollen alergen with ex-
tensive homology with other pollen allergensfrom different
species (Figure 1), such as Poa pratensis, Lolium perenne,
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QIXF40: 0.06531

QUYLEIS: 0.01060

QIMTMS: 0.01009
QIMTMY: 0.01518
QYMTNO: 0.01971

Q8L5D8:0.06543

QISTB6:0.04643
065812: 0.05012
QXF41: 0.07838
022655: 0.08024
024650: 0.00240
P35079: 0.00449
024282: 0.01323
004725: 0.07724
. QIXF42: 0.0948
L (042449:0.10375
QIXGSS: 0.16146
Q9TOMS: 0.15578

| 081982: 0.12613
|_: P25816: 0.06977
049894: 0.06816

L 024169: 0.01317
—LE 024170: 0.00358
024171: 0.00331

QUXF37: 0.08783

Figure 1. The core subgroup cut off from the large group VIII
clustered from 478 allergens obtained from SWISS-PROT. The con-
served regions in Q9XF40, 081982 and Q9XF37 were used for pan-
degenerate primer (Sg1P5/P3) design. Q9XF40 and 081982 were
selected for their clustering priority, whereas Q9XF37 was sel ected
for its amino acid length of 133 aa. All allergens shown were from
SWISS-PROT. The numbers on the right-hand sides of each allergen
denote absolute distance.

Dactylis glomerata, Hordeum vulgare, Holcus lanatus
(e values <2e®). The conservative domainsin the Q9XF40
cDNA sequence (1-20 bp, 343-369 bp) as resolved by mul-
tiple sequence alignment of Q9XF40 and its cognates were
taken as the Sg1p5/Sglp3 primer sequence (Table1). Other
degenerate primers were designed following the same
principle

Full-length cDNA generation By combining thegradi-
ent PCR with touchdown PCR, 3 gene fragments were ob-
tained from each weed species, and were subsequently in-
serted into the pGEM-T vector. Sequence analysis showed
that theinserts, 5 of 363 bp and 1 of 369 bp, were homolo-
gousto the known allergen gene profilin from different spe-
cieswith up to 90% (5 clones except for DO3) and 79% (for
DO03) identity, but with ~30 bp truncated at the 3' ends, sug-
gesting a further requirement of the RACE process for the
full-length cDNA. After cloning of theamplificantsfrom the
specific PCR with primer pairsPC11/RA3, PM9/RA3, PD10/
RA3and PDO3/RAS3, atotal of 29 positive RACE cloneswere
detected. Subsequent sequencing reactions demonstrated
that they all contained theinitiation and stop codons, primer
sequences and poly (A) tails, reflecting the mRNA source of
theclones. Northern blotting with a clone DO3 probe further
confirmed that the cDNA cloned was derived from the pallen
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mMRNA (Figure2). Bridging the 3' end and the corresponding
fragment genes produced 6 novel full-length coding genes,
among which LCS13, LCM20 and LCM9 were from H
scandens, whereas A0418, D106 and D03 were from A
artemisifolia. They areall availablein GenBank under ac-
cession NOsAY 268422-AY 268427.

— — 03
W S 25 A

— e ey 185 TRNA

Figure 2. Northern blot results of the total RNA extracted from the
A artemisiifolia pollen at different times. Total RNA of 20 ug was
electrophoresed, blotted onto Nytran SuPerCharge nylon transfer
membranes (Schleicher & Schull BioScience) and stained with meth-
ylene blue to confirm the transferred RNA quality. After destaining,
Psoralen-Biotin labeled probes for DO3 were applied for hybridization.

Sequence analysis Sequence analysisrevealed that there
were several atered nucleotides in the cDNA sequences
compared with the degenerate primersused in the fragment-
gene cloning process (data not shown), which means that
the degeneracy was effectively expanded. The predicted
amino acid sequences of the 6 geneswere acidic proteins (pl
of approximately 5.0) with molecular weightsof approximatey
14 kDa. Multiple sequence alignment demonstrated that
these 6 novel sequences shared a high homology, up to
83%. Moreover, cDNA and protein sequence searcheswith
Blastn and Blastx programsin GenBank showed that the new
genes were homol ogous to profilin genesfrom morethan 10
plant families including Rosaceae, Euphorbiaceae, Phaseo-
leae, Liliaceae, Poaceae, Urti caceae, Apiaceae, Ol eaceae, Sola-
naceae, Brassicaceae, and Compositae. Alignment of the
cognates derived from this search produced a phylogenetic
tree, which showed that the 6 novd genescloned weredearly
separated into 3 subgroups, but with high homology (Figure 3).

Of the6 clones, A0418, D106 and LCM9, 3 closdly related
clonesthat encoded 131-amino acid residues, exhibited high
homology with apple pollen alergen Q9XF41 (Mal d 4;
GenBank accession number: AF129427). LCS13andLCM 20,
2 clonesfrom H scandens, had only differencesinthecDNA
non-coding regions and therefore encoded the same proten,
which had 80% and 85% identity with Q8L5D8 from date
palm pollen and Q9XF40 from apple pollen, respectively.
Clone D03 encoded 133 amino acid residues, and had an
identity of 79% and 72% with 081982 (Hela 2)* and
CAD12862!, 2 profilin proteins from common sunflower
and mugwort. Hd a2 and D03, along with thetimothy grass
profilins 024282, P35079, 024650, were clustered into one
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Figure 3. Phylogenetic relationship between the profilin cognates
and the 6 novel allergens cloned in the current study as analyzed by
using the Mega2 software with amino acid sequences. The amino acid
sequences of the 6 new allergens (LCS13, LCM20, LCM9, A0418,
D106, D03) are available from GenBank (accession numbers:
AAP15198, AAP15199, AAP15200) and SWISS-PROT (accession
numbers Q64LH2, Q64LH1, Q64LHO).

subgroup (Figure 3). Furthermore, D03 was quite different
from the other 5 clones in 4 regions of its amino acid
sequence, which represents an approximately 90% difference
between D03 and other profilins (Figure4).

Protein expr essonand purification, andimmunoblotting
After detecting the correct reading frame of the target pro-
tein gene in the expression vector, the in-frame plasmids
were then successfully transformed into E coli RosettaBlue
(DE3) cdls. Following induction and further incubation at
30°C for 6 h, the recombinant non-fusion proteinswere visu-
alized using SDS-PAGE, and had an apparent molecular mass
of ~14kDa(Figure5A). TheN-terminal sequenceof 10 amino
acids of rAmb a8(D03) confirmed that the recombinant pro-
tein was the same asthat deduced from the cDNA sequence.
Theyied of purified protein wasapproximately 8 mg per L of
cultured bacteria.

IgE antibodiesfrom 6 of 8 sera(75%) fromthe A artemis-
ifoliaallergic patientsreacted with recombinant protein rAmb
a8(D03) in theimmunoblot experiments. Thebandsoccurred
at approximately 14 kDa(Figure 5B). Other recombinant pro-
teins were also very efficiently expressed and purified in
non-fusion form (Figure5C, 5D). AsarepresentativefromH
scandens, theimmunobl otting profile of rHum s 1(LCM9) is
shown in Figure 5E. Interestingly, rHUm s1(LCM9) not only
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LCS13
LCMZ20
AD418

MSWQAYVDDHLMCE IDG—— QHLTAAATTGHDGSVWAQSSTFPQFKPEETAAIMKDFEEPGSLAPTGLHLG 68
MSWQAYVDDHLMCE IDG——QHLTAAATIGHDGSVWAQSSTFPQFKPEETAAIMKDFEEPGSLAPTGLHLG 68
MSWQAYVDDHLMCEIEG——NHLSAAATIGHDGVYWAQSATFPQVKPEET TG IMNDENEPGSLAPTGLYLG 68

D106 MSWQAYVDDHLMCEIEG—NHLSAAATIGHDGVVWAQSATFPQVKPEEITGIMNDENEPGSLAPTGLYLG 68

LCM9  MSWQAYVDDHLMCEIDG

NHLSAAATIGHDGSVWAQSAAFPQI KPFF\’T(‘TMNDF\T‘PFTI APTGLYLG 68

Figure 4. ClustalX (1.8) alignment of

Do3 MSWAYVDBHL“ DIEGTGHHLTSAATLGHDGTVWAQSSNFPQFKPEFMEG
sk ssolok fololok sioliolok s kel loloiok s

LCS13
LCMZ20
A0418

K wiokk: kR ekklokkkdok ks s dekk

reacted with the serafrom 5 patientswith H scandensallergy,
but also reacted with serafrom patientswith A artemisiifolia
allergy, which suggests that cross-reactivity occurred for
rAmba8(D03) and rHum s1(LCM9).

Discussion

In the past, most allergen genes have been cloned by
cDNA library screening™®, and hundreds of pollen allergen
genes from more than 170 species are available in online
databases, which can be sorted into several groups. This
means that homologous genes exist in many related or unre-
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GIKYMVIMGEQGAVIRGKKGAGG I TVKKTGAAMI IGIYDEPLTPGQCNMIVERLGDYLIDQNL 131
GIKYMVIMGEQGAVIRGKKGAGG I TVKKTGAAMI LG I YDEPLTPGQCNMIVERLGDYLIDQNL 131
GTKYMVTQGEPGAV IRGKKGPGGVTTKKTTMALT TGTYDEPMAPGQCNMTVERLGDYLLEQGE 131
D106  GTKYMVIQGEPGAVIRGKKGPGGVTIKKTTMSLIIGIYDEPMTPGQCNMLVERPGDYLLEQGF 131
LCM9  GTKYMVIQGEPGAVIRGKKGAGGYTTKKTSQALIIGVYDEPMTPGQCNMIVERLGDYLIDQGL 131
D03 [GAKYMVLQGEQGAVIRGKKGAGGLC IKKIGQALVMG LYDEPVAPGQCNMYVERLGDYLIDQGM] 133

MR B == 5 R S S S e 5 i S R S

70 the deduced amino acid sequences of the
6 clones obtained from the pollen of H.
scandens and A. artemisiifolia. The
amino acid residues shown represent the
specific region in clone D03 that was
markedly different from the profilin
proteins of other species. The conser-
vative domains in each clone are shown
in bold, and the different amino acid
residues are in gray.

Figure 5. Non-fusion expression, purification and immuno-
logical characterization of recombinant proteins. A: 15% SDS-
PAGE analysis of the no-fusion expression profile of rAmb a 8
(D03). Lanes 1 and 2, purified target protein in non-reducing
loading buffer; Lane M, broad range prestained SDS-PAGE stan-
dards (Bio-Rad, catalog No 161-0318), similar to Lane M in all
other panels; Lanes 4 and 5, re-purified target protein in non-
reducing loading buffer; Lane 6, re-purified target protein in
reducing loading buffer; Lanes 7 and 8, cell lysate in loading
buffer; Lanes 9 and 10, supernatant and sediment of the cell
lysate. B: Western blot of rAmb a 8(D03). Fifteen micrograms
of the purified rAmb a 8(D03) was loaded into each lane and
blotted. Lanes 3-8, sera from patients with allergy to A
artemisiifolia; Lanes 1, 2 and 9, healthy control sera. C: Repre-
sentative presentation of non-fusion protein expression of
rHum s 1(LCS13) (Lane 1) and rHum s 1(LCM9) (Lane 2)
(arrowhead). D: Recombinant proteins purified by affinity
chromatography. Lanes 1-5 represent rAmb a 8(D03), rHum s
1(LCS13), rHum s 1(LCM9), rAmb a 8(D106) and rAmb a 8
(A0418), respectively. E: Western blot of rHum s 1(LCM?9),
which was detected in sera from both patients with H scandens
allergies (lanes 1-5) and patients with A artemisiifolia allergies
(lanes 6-9).

lated species, which provided support for the current method.
In this study, we designed pan-degenerate primers and suc-
ceeded in cloning pollen allergen cDNAs from different
weeds, thus showing that there isa way to clone homol o-
gous genes from distantly related species or little-studied
species. Furthermore, by using a combination of the gradi-
ent PCR process and touchdown steps, the genes with some
divergencein their primer regions could be obtained in the
weed genome; that is, the degeneracy of the primers was
expanded. The method could therefore be used to clone the
same alergens in other species or to clone other kinds of
allergen genes.
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It has been argued that allergenicity cannot be rational-
ized on the basis of either overall folding pattern or biologi-
cal function, and thus any protein should be regarded as a
potential allergen®. According to alignment studies, the
proteins coded by our new clones had more than 60% iden-
tity over the full-length peptide with the known allergens,
suggesting that the proteinswould beallergenic. Thus, D03
and LCM9, the most different variants of the 6 clones
obtai ned, were expressed as recombinant proteins. Through
efficient expression in apET-44 system, ided solubility of all
the recombinant proteins was obtained, which facilitated
protein purification through affinity chromatography, and
would ensure efficiency in commercia production.

The molecular basis of cross-reactivity has been of pri-
mary concern in numerous publications’*?4, The relation-
ship between sequence similarity, as obtained by pair-wise
alignment, and structural or functional properties has been
the goal of much research®?4, Recent studies have con-
firmed awidely accepted rul e-of-thumb that 30% or 35% iden-
tity over aligned regionssuffices for structural or functional
deduction®?, A remote homol ogue study®? demonstrated
that allergens from diverse sources have a common struc-
tural motif, namely a groove located inside an o- motif,
which could potentially serve as aligand-binding site, thus
leading to the stimulation of the T cell helper type 2 (Th2)
response and a subsequent bias towards the synthesis of
IgE. Thisresult expanded cross-reactivity to between mi-
crobes and higher plants. In the present study, the clones
were different from each other in their cDNA or protein
sequence, suggesting open pollination and/or large genetic
variation in theweeds. Thiswas also consistent with other
studies on ragweed and timothy grass sequence polymor-
phism?##!, However, multiple sequence analysis demon-
strated that the newly cloned genes had up to 83% homol-
ogy with each other and 60%-90% identity with previously
described allergen profilinsfrom latex, food, and pollensfrom
various organisms, which can produce extensive cross-
reactivity®™*!, Thisresult demonstrated that proteins from
H scandensand A artemisiifolia would have cross-reactivity.
In a previous study we also inferred that the proteins coded
by clone D106 would have cross-reactive properties for food-
and/or pollen-sendtive allergicindividual §%*. All of these
results imply that the newly cloned genes would function
the same way as pan-allergen profilins. Based on the issues
described herein and the results obtained in the current
study, we assume that cross-reactivity would occur sowiddy
that atopic individuals would be surrounded by a dynamic
network of allergens, and would be predisposed towards
allergic diseases.
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