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An olive allergen-like protein has been isolated from lilac (Syringa vulgaris) pollen extract. The 
protein can be considered as an allergen since is recognized by IgE from olive hypersensitive human 
sera, and has been called Syr v I (IUIS nomenclature). This protein consists of a glycosylated 
polypeptide of 20 kDa, which has an amino acid composition, spectroscopic properties, and an 
N-terminal sequence similar to the major allergen from olive pollen, Ole e I. The lilac allergen 
is recognized by rabbit polyclonal antisera raised against olive allergen as well as by an Ole e 
I-specific monoclonal antibody. Using a polymerase chain reaction strategy, based on the similarities 
observed between these olive and lilac proteins, three cDNA clones encoding Syr v I have been 
isolated and sequenced. These clones code for a polymorphic protein of 145 residues with a derived 
molecular mass of about 16400Da, which contains a potential N-glycosylation site. Comparison of 
the deduced amino acid sequences of these Syr v I isoforms to each other revealed identities of 90- 
97%. Moreover, these sequences showed a high degree of similarity (85.5-89.6% identity) with 
Ole e I. The structural and immunological characterization of Syr v I justify the cross-reactions 
observed between olive and lilac pollen extracts. The molecular cloning of Syr v I is relevant for 
the epitope mapping in Oleaceae allergens, and may contribute to an improvement in the design of 
reagents for diagnosis and therapy of IgE-dependent allergic reactions. 

Type-I allergy to olive tree (Olea europaea) pollen is an 
important environmental disease in Meditenanean countries 
and some areas of North America [ 1,2], where this Oleaceae 
is extensively cultivated. The major allergen from olive tree 
pollen (Ole e I) has been recently isolated and characterized 
[3-51. Other Oleaceae members such as privet (Ligustrurn 
vulgare), lilac (Syringa vulgaris) or ash (Fraxinus excelsior) 
are widely distributed in Central and North Europe, however 
the studies on their allergens are rare. 

Antigenic cross-reactivity between olive and privet pol- 
len proteins, detected by IgE antibodies, has been demon- 
strated [2, 61. More recently, Ole e I-like proteins have been 
obtained from privet, ash and lilac pollen extracts using olive 
allergen-specific monoclonal antibodies coupled to a Sephar- 
ose column [7]. A preliminary characterization of these pro- 
teins showed some structural and immunological similarity 
with Ole e I, being recognized by IgE from olive pollen- 
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allergic sera. Therefore, the Ole e I-like proteins obtained 
from privet, ash and lilac, were called Lig v I, Fra e I and 
Syr v I, respectively [7], according to the recommended no- 
menclature for allergens [ s]. The allergenic cross-reactivity 
observed between privet and olive pollen extracts [6] could 
be attributed to the presence of the Ole e I-like protein in the 
privet pollen saline preparations. 

The characterization of protein allergens of pollens from 
related plants is of great interest since cross-reactions may 
play a role in the induction of immune responses [9]. More- 
over, the cloning of allergens is an interesting strategy for the 
recombinant production of well defined and homogeneous 
proteins to be used in research and therapy [lo], since it is 
difficult to obtain reproducible preparations of allergens from 
their natural sources. The cloning and sequencing of several 
pollen allergens have recently been reported, but no data are 
available from Oleaceae allergens. In this study, we describe 
the isolation and characterization of the olive allergen-like 
protein, Syr v I, from lilac. The complete nucleotide se- 
quences of three cDNA encoding this polymorphic protein 
are also reported, and the similarities of the deduced proteins 
with Ole e I are discussed. 

MATERIALS AND METHODS 
Isolation of Syr v I 

S. vulgaris pollen (Allergon AB ; 1 g) was suspended in 
50 ml 10 mM ammonium bicarbonate, pH 8.0, containing 
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1 mM phenylmethylsulfonyl fluoride, and extracted for 
60min at 4°C. The pellet was reextracted twice under the 
same conditions. After centrifugation, the clear supernatants 
were lyophilized, dissolved in 2 ml 0.2 M ammonium bicar- 
bonate, pH 8.0, and chromatographed on a Sephadex G-75 
gel-filtration column (1 .5 cmX80.0 cm), equilibrated in the 
same buffer. The fractions corresponding to a molecular mass 
of about 20 kDa (approximately 18 ml) were pooled and lyo- 
philized. The sample was dissolved in 5 ml 10 mM ammo- 
nium bicarbonate, pH 8.0, and chromatographed on a DEAE- 
cellulose column (2 cmX20 cm) equilibrated in the same 
buffer. After washing, first with 10 mM, then with 50 mM 
ammonium bicarbonate, pH 8.0, the protein was eluted with 
200 mM bicarbonate buffer. 

Amino acid analysis 
Native protein (1 -5 nmol) was hydrolyzed at 105°C for 

different lengths of time (24, 48, 72 and 120 h) with 5.7 M 
HC1 containing 0.1 % (mass/vol.) phenol and 20 nmol/ml 
2-aminohexanoic acid as internal standard, in sealed tubes 
under vacuum. Hydrolysed samples were analyzed on a 
Beckman system 6300 amino acid analyzer with an analog 
interface module of System Gold. The cysteine content was 
determined as carboxymethylcysteine after hydrolysis of the 
alkylated protein. Tryptophan was determined spectrophoto- 
metrically 1113. When pure, protein concentrations were mea- 
sured by amino acid analysis. 

Electrophoresis, immunoblotting 
and carbohydrate detection 

Analytical gel electrophoresis was performed according 
to Laemmli 1121 in 15% (mass/vol.) polyacrylamide gels. 
Proteins were visualized by Coomassie blue staining. Protein 
bands in SDS/PAGE were transferred onto nitrocellulose 
membranes (BioRad) using a LKB Novablott 2117 electro- 
phoretic transfer unit (LKB) in 48 mM Tris/HCl, pH 9.0, 
containing 39mM glycine, 20% (by vol.) methanol and 
0.036% SDS, for 1 h at 1 mA/cm2, as described in [13]. 

Sera from eight allergic patients with positive skin test 
for olive pollen crude extract and with the highest radio- 
allergosorbent test (values 3 -4) were used. Polyclonal sera 
against Ole e I were prepared immunizing two New Zealand 
White rabbits over a 6-week period by weekly injection of 
the protein (100 pg) in Freund’s adjuvant. Sera were col- 
lected after bleeding. The Ole e I-specific monoclonal anti- 
body 19G6 was kindly donated by Dr Lahoz. It was obtained 
by immunizing eight BALB/c mice with olive pollen crude 
extract as previously described [14]. 

For IgE-binding assays, the hypersensitive human sera 
[l : 8 dilution in 10 mM sodium phosphate, pH 7.2, contain- 
ing 140 mM NaCl, 2.7 mM KC1 (NaClP, buffer), and 0.1 % 
Tween 20, and 3 % non-fat milk] and horseradish-peroxidase 
(HRP0)-labelled goat anti-(human IgE) (Nordic Immunol- 
ogy) diluted 1 : 1000 in the same buffer, containing 0.05% 
Tween 20 and 1 % non-fat milk, were used [5]. Alternatively, 
1 : 5000-diluted goat anti-mouse IgG (Pierce) or 1 : 3000 anti- 
rabbit IgG (BioRad), both HRPO labelled, were used in the 
immunoblotting staining for monoclonal and polyclonal anti- 
body binding assays, respectively. The peroxidase reaction 
was developed with the ECL Western-blotting reagent 
(Amersham). 

Carbohydrate detection of transferred protein was per- 
formed essentially as described 1151 by using a biotinylated 

Concanavalin-A solution and the ABC reagent (avidin, bio- 
tinylated HRPO), diluted 1 : 400 in 50 mM Tris/HCl, pH 7.5, 
containing 0.5 M NaCl and 0.1 % poly(viny1 pyrrolidone). 
The staining was developed with the chemiluminescent 
reagent, as described above for HRPO-labelled antibodies. 

Automated sequence analysis 
N-terminal Edman degradation of the native protein was 

performed using an Applied Biosystems model 477A se- 
quencer [16]. The resulting phenylthiohydantoin-amino- 
acid derivatives were identified using a 120A on-line 
phenylthiohydantoin-amino-acid analyzer and the standard 
Applied Biosystems program. 

Isolation of total RNA 
Total RNA was isolated from lilac pollen (Allergon AB) 

according to [ 171 with minor modifications. Pollen (0.5 g) 
was homogenized on a Polytron (Brinkman) in 100 mM Trisl 
HCl, pH 7.5, containing 140 mM 2-mercaptoethanol, 4 M 
guanidine thiocyanate, 0.5% sodium N-lauroylsarcosine. The 
resulting suspension was centrifuged on a SS-34 rotor (Sor- 
vall) at 6500rpm and 20”C, for 10min. The supernatant 
(2.0 ml) was centrifuged on top of 3.0 ml of a 5.7-M CsCl 
cushion in 0.01 M EDTA at 40000rpm in a SW60 rotor 
(Beckman) for 12 h, at 20°C. The pellet was dissolved in 
10 mM Tris/HCl, pH7.6, containing 1.OmM EDTA and 
0.1% SDS, and precipitated with ethanol [18]. 

cDNA preparation 
Single-stranded cDNA was synthesized from the ob- 

tained total RNA (5 pg) using the cDNA synthesis Kit (Phar- 
macia) and oligo dT as primer, according to 1191 and the 
manufacturer’s instructions. 

Synthesis of oligodeoxynucleotides 

Oligodeoxynucleotides, SV-1, SV-2 and SV-3, were syn- 
thesized using an Applied Biosystems model 381A DNA 
synthesizer. The SV-1 sequence was designed based on the 
N-terminal amino acid sequences of the olive and lilac aller- 
gens (positions 1 -5); 5’-CCGGGATCCGARGAYGTXCC- 
XCA-3’. Two primers, SV-2 and SV-3, were designed accord- 
ing to the C-terminal amino acid sequence of the olive pollen 
allergen, whose 3’-nucleotide cDNA sequence had been pre- 
viously obtained (unpublished results) ; SV-2 was degenerate 
(5’-ATCATTTNGGNGGRTACATNGG-3’; positions 140- 
145 of the amino acid sequence) and SV-3 is non-degenerate 
(5’-CGGAATTCTCACATGTTGGGCGGGTA-3’; positions 
141-145 on the protein). Primers SV-1 and SV-3 contained 
a BurnHI restriction site and an EcoRI restriction site, respec- 
tively (underlined). 

Polymerase-chain-reaction-based cloning 
The cloning method was based on the polymerase-chain- 

reaction (PCR) method [20]. The template cDNA pool and 
amplification primers, SV-1 and SV-2, were denatured at 
95°C for 15 min, in 50 pI PCR mixture (2.5 mM of each 
dNTP in Tuq polymerase buffer containing 10 mM Tris/HCl, 
pH 8.3, 50 mM KC1, 1 mM MgC1, and 0.01% gelatin). Af- 
terwards, 1.25 U Tuq polymerase (Bioprobe) was added and 
overlaid with 50 pl mineral oil. The sample was subjected to 



189 

30 cycles of denaturation at 94°C (1 min), annealing at 42°C 
(90 s) and chain elongation at 72°C (2 min) in a program- 
mable DNA thermal cycler (Techne). The temperature was 
then held at 72°C for 10 min and gradually cooled to room 
temperature. Afterwards, a new reamplification reaction was 
carried out with SV-1 and SV-3, using five cycles of denatur- 
ation at 94°C (1 rnin), annealing at 47°C (1 rnin), chain ex- 
tension at 72°C (90 s), and 20 cycles of 94°C (1 min), 55°C 
(90 s) and 72°C (90 s). A last step at 72°C for 10 rnin was 
also performed. Under these conditions, a single PCR prod- 
uct of about 0.4 kbp was obtained. This amplified cDNA was 
analyzed, eluted from a 2% agarose gel, and purified by PCR 
magic preps (Promega). After EcoRI and BamHI digestion, 
the amplified fragment was incorporated into an EcoRIJ 
BamHI-digested pUC 18 plasmid vector and used for trans- 
formation of competent Escherichia coli DH5aF’ cells. Se- 
lected recombinants bearing inserts with the expected size 
were sequenced. 

Sequence analysis of Syr v I clones 
pUC18 clones were sequenced (Sequenase Kit, US Bio- 

chemicals) using the dideoxy chain termination method [21] 
and de~xy[a’~-S]ATP. Sequencing primers for both strands, 
M13mp18 universal and reverse, were from Biolabs. The se- 
quencing was carried out according to the manufacturer’s 
recommendations. 

RESULTS 
Isolation and characterization 
of the olive allergen-like protein from lilac pollen 

An olive allergen-like protein has been isolated from lilac 
(S. vulgaris) pollen extracts by gel filtration (Fig. 1) and ion- 
exchange chromatography on DEAE-cellulose. The protein 
obtained (4 - 5 mg/g dried pollen) was homogeneous by 
SDSPAGE analysis (Fig. 1) and N-terminal amino acid se- 
quencing. The isolated protein gives the electrophoretic 
pattern shown in Fig. 2a. Two bands, both immunoreactive, 
are detected at 20 kDa and 22 kDa, which account for 80% 
and 20%, respectively, of the total protein preparation. Both 
polypeptides are glycosylated since they stain after transfer 
to nitrocellulose membranes and treatment with biotinylated 
concanavalin A (Fig. 2b). This pattern is similar to that pre- 
viously described for Ole e I, the major olive pollen allergen 
[5,22,23]. However, the relative proportions of each compo- 
nent are different. It has been suggested that the 20-kDa and 
22-kDa bands of Ole e I only differ in the degree of glyco- 
sylation of the polypeptide chain, the 18-kDa form being de- 
monstrated to be the non-glycosylated variant [23]. The N- 
terminal sequence data, molecular mass and carbohydrate 
staining of Syr v I suggest the existence of the two glyco- 
sylated variants (20 kDa and 22 kDa forms) as components 
of this allergen, but the near absence of the non-glycosylated 
form. 

The amino acid composition of the obtained protein is 
given in Table 1. The N-terminal Edman degradation of the 
molecule gave a single sequence ; Glu-Asp-Val-Pro-Gln-Pro- 
Pro-Ile-Pro-Gln-Phe-His-Ile-. Two amino acids, Ile (60%) 
and Val (40%), were obtained at position 8. This sequence is 
very similar, but not identical, to that reported by Obispo et 
al. [7] for the protein isolated by affinity chromatography. 
They obtained Ser and Tyr at positions 9 and 12, respectively, 
instead of Pro and His as in our case. Spectroscopic analysis 

Fig. 1. Isolation of Syr v I. Elution profile from the gel-filtration 
chromatography column on Sephadex G-75 of the saline extract 
from lilac pollen. Fractions under the bar were pooled, lyophilized 
and chromatographed on DEAE-cellulose. Inset, SDSPAGE analy- 
sis of different steps of the isolation procedure; (a) saline extract; 
(b) pooled fractions eluted from gel filtration; (c) protein fractions 
eluted with 0.2 M ammonium bicarbonate from the DEAE-cellulose 
column; (m) molecular-mass protein markers (BioRad). 

Fig. 2. SDSFAGE analysis of Syr v I. (a) Coomassie Blue staining; 
(b) biotinylated Concanavalin-A staining; (c) immunodetection with 
IgE of olive-pollen hypersensitive human serum ; (d) immuno- 
staining with rabbit polyclonal antiserum raised against 02e e I aller- 
gen; (e) immunostaining with Ole e I-specific mouse monoclonal 
antibody 19G6. The staining of b-e was obtained after electro- 
transfer to nitrocellulose membranes, then using the ECL reagent to 
develop the peroxidase reaction of the corresponding HRPO labelled 
secondary antibodies (for details see Materials and Methods). 4 pg 
protein were applied in lane (a), 0.35 pg in lanes (b), (d) and (e) and 
0.5 pg in lane (c). (m) molecular-mass protein markers. 

(circular dichroism and fluorescence spectra; data not 
shown) of the isolated lilac protein indicates identical confor- 
mational characteristics to those of olive pollen allergen [5]. 

The Ole e I-like protein isolated from lilac extracts is 
recognized on immunoblotting assay by the IgE of a pool of 
sera obtained from olive pollen allergic patients (Fig. 2c). 
The structural similarity between these lilac and olive pollen 
proteins is supported by the recognition of the latter, not only 
by the polyclonal sera raised against Ole e I, but also by the 
Ole e I-specific monoclonal antibody 19G6 (Fig. 2d, e). 
These results demonstrate the existence of shared antigenic 
and allergenic epitopes in these proteins. 
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Table 1. Amino acid composition of Syr v I allergen. Cysteine 
was determined as the carboxymethylated derivative. 

Amino Analysis No. of residues deduced from the 
acid sequences of Syr v clones 

I. 1 1.2 1.3 

Fig. 3. PCR amplification of lilac allergen cDNA. (s) cDNA PCR 
was performed on 5 pg total RNA from lilac pollen in a volume of 
SO p1. The product was purified on 2% agarose gel. (0) PCR product 
obtained from olive pollen under identical conditions. (m) ADNA 
digested with Hind111 (US Biochemicals) was used as marker (bp, 
base pairs). 

CYS 
Asx 
Thr 
Ser 
Glx 
pro 
GlY 
Ala 
Val 
Met 
Ile 
Leu 
TYr 
Phe 
His 
LYS 
Arg 
TrP 
Total 

5.7 
12.9 
9.7 
7.5 

15.8 
10.7 
13.0 
6.5 
8.1 
2.2 
9.9 

10.3 
4.5 
7.0 
3.2 
9.3 
7.4 
1" 

145 

6 
13 
11 
6 

19 
11 
11 
5 
6 
3 

12 
9 
5 
8 
2 

10 
7 
1 

145 

6 
11 
10 
6 

18 
12 
12 
4 
8 
3 

11 
11 
4 
9 
3 

10 
6 
1 

145 

6 
13 
11 
6 

18 
11 
12 
4 
8 
3 

11 
9 
5 
8 
2 

11 
6 
1 

145 

"Determined spectroscopically. 

According to the structural and immunological results 
obtained, it can be deduced that this purified lilac protein 
corresponds to that obtained through affinity chromatography 
by Obispo et al. [7]. Since that protein was considered as the 
lilac allergen and was called Syr v I, we shall adopt this 
nomenclature for the protein studied here. 

Isolation of total RNA from lilac pollen, 
cDNA preparation, amplification and sequence 

Total RNA (300 pg/g pollen) was isolated from lilac pol- 
len. 5 pg of this RNA was directly used as a template for the 
synthesis of single-stranded cDNA. This cDNA was used for 
the PCR amplification of the specific DNA encoding Syr v I. 
A mixture of degenerate oligodeoxynucleotides, SV-1 and 
SV-2, designed on the basis of the known amino acid se- 
quence of the olive pollen allergen, was used as primers in 
the first round of PCR amplification. They were selected be- 
cause of the identity observed in the five residues at the N- 
termini of olive and lilac allergens. The same degree of simi- 
larity at the five C-terminal amino acids was supposed. In 
the second round, the reaction was carried out using both the 
same oligonucleotide SV-1 and the non-degenerate SV-3 in 
order to increase the efficiency of the PCR amplification. 
The primers used to prepare the specific cDNA also con- 
tained BarnHI and EcoRI adaptor sites for obtaining the cor- 
rect ligation of the amplified cDNA into PUC18 plasmid vec- 
tor. A single PCR product of about 0.4 kbp was obtained 
(Fig. 3). The clones were obtained in E. coli DH5aF' cultures 
after transformation with the above construction, and were 
used for sequencing. Three different DNA sequences were 
obtained. The complete nucleotide sequences are composed 
of 444 bases, with a reading frame (Fig. 4) corresponding to 
polypeptides of 145 amino acids. The primary sequences are 
shown in Fig. 5. The amino acid composition derived from 
the deduced amino acid sequences agrees well with that ob- 
tained by acidic hydrolysis of the purified protein (Table 1). 

Taking into account the high similarity observed among 
the cloned sequences, identity values ranging over 89.6- 
97.2% (4-15 different amino acids), they have been consid- 
ered as polymorphic forms of the lilac pollen protein and, 
according to the IUIS nomenclature, they can be called Syr 
v 1.1, Syr v 1.2 and S y r  v 1.3. The similarity of these se- 
quences with Ole e I allergen, ranging over 85.5-89.6% 
(15-21 different amino acid residues), is enough to justify 
the recognition of native Syr v I by Ole e I-specific antibodies 
(Fig. 2). 

The deduced polypeptide sequences show a single puta- 
tive N-glycosylation site in the three isoforms located at 
Am11 1. Therefore, the positive reaction of the electrotrans- 
ferred Syr v I with biotinylated concanavalin A (Fig. 2b) sug- 
gests that this Asnll l  is glycosylated. This residue has been 
demonstrated to be glycosylated in the olive allergen [14]. 

DISCUSSION 

Cross-reactivity among allergens may play an important 
role in the induction of type-I allergies. It is known that clin- 
ical symptoms often appear when patients allergic to certain 
tree pollinosis are exposed to related pollens [24]. This is 
expected to be more pronounced for pollens from trees be- 
longing to the same botanical order or family. In fact, there 
is evidence for cross-reactivity among pollen extracts of the 
order Fagales (alder, birch, hazel and hornbeam) [25], as well 
as among common cypress and Japanese cedar pollens 
(Pinales) [26]. These cross-reactivities have been associated 
with the presence of common epitopes in their major aller- 
gens, and are correlated with either similar amino acid se- 
quences of polypeptide segments or common carbohydrate 
determinants [9, 27, 281. For the Oleaceae family, immuno- 
logical cross-reactions have been described between the sa- 
line extracts of pollen from privet and olive tree [6]. How- 
ever, recent data about the epitope mapping of olive allergen 
and cross-reactivity with other Oleaceae pollens showed dif- 
ferences in the immunological behaviour of the lilac, privet, 
ash and forsythia extracts against Ole e I-specific monoclonal 
antibodies (unpublished results). Therefore, a more detailed 
structural and immunological analysis of these Ole e I-like 
proteins is necessary. 

An olive pollen allergen-like protein, Syr v I, was isolated 
from lilac pollen extracts in high yield, although in lesser 
yields than that obtained for the olive counterpart. This could 
be explained based on two experimental observations ; more 
difficult extraction of the protein from the lilac pollen wall 
than from olive pollen, and/or a greater tendency of the lilac 
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528 GAG GAC GTG CCC C M  CCC CCA ATT CCT CAA TTC CAC ATT CAA GGA 45 
538 G G T G 
546 T G 

528 C M  GTT TAT TGT GAT ACA TGT CGT GCT AGA TTC ATT ACA GAA CTT 90 
S38 C 
5 4 6  C G  

528 AGC GAG TTT ATC CCA GGT GCT AGC ATA CGC CTC C M  TGC AAA GAC 135 
538 G T  
546 C T  T 

528 AGG GAG M T  GGT AM ATA ACA TTT ACT GAG ATA GGT TAC ACG AGA 180 
538 G C 
546 G C 

528 GCA G M  GGA CTC TAC AGC ATG CTT GTT GAA GGT GAT CAC AAG AAC 225 
538 
546 G 

528 GAG TTT TGC GAA ATC ACA CTG ATT TCA AGT GGC AGA GAA GAT TGT 270 
538 T C  A A 
S46 A 

S28 GAT G M  ATT CCT GTT GAA GGA TGG GCA AAA CCA TCA TTA AM TTT 315 
538 A C A T G 
546 TC G 

528 AM CTT AAT ACG GTA M T  GGT ACC ACA CGC ACG ATA M T  CCT ATT 360 
538 T A  A C C 
546 

528 GGA TTC TTC M G  AM GAA GCT CTT CCA AAA TGC ACA C M  GTC TAT 405 
S38 T T C  T 
S46 

528 
S38 A C  
546 A 

AAT M G  TTG GGT &TG-TAC CCG CCC AAC ATG 435 

Fig.4. Nucleotide sequences of three cDNA clones at the Syr Y I-encoding region. Dashes indicate identities of nucleotides with the 
upper sequence. Partial sequences of the primers are underlined. 

10 20 30 
528  E D V P Q P P I P Q  F H I Q G Q V Y C D  T C R A R F I T E L  
538 V 
S46 V 
Ole e I v s  G 

40 50 60 
S28 S E F I P G A S I R  L Q C K D R E N G K  I T F T E I G Y T R  
S38 G G H  
S46 G 
Ole e L K D V  V 

70 80 90 
S28 A E G L Y S M L V E  G D H K N E F C E I  T L I S S G R E D C  
538 1 S K  
546 K 
Ole e R K 

100 110 120 
S28 D E I P V E G W A K  P S L K F K L N T V  N G T T R T I N P I  
538 E I V I 1 
546 V 
Olee N T V 1 

130 140 14 5 
S28 G F F K K E A L P K  C T Q V Y N K L G M  Y P P N M  Syrv1.1 
538 
S46 
Ole e 

V P F 

A 

Syrv 1.2 
Syrv 1.3 

Fig. 5. Deduced amino acid sequences of the three Syr Y I isoforms. The sequence of Ole e I is shown for comparison. The N-terminal 
sequence obtained by Edman degradation of the isolated protein is underlined. 

protein to aggregate, forming poorly soluble polymeric struc- 
tures, which are excluded on Sephadex G-75 gel filtration. A 
different behaviour in terms of solubility has been observed 
for Syr v I and Ole e I, mainly when they are chromato- 
graphed on a reverse-phase HPLC column, after which Syr v 
I becomes insoluble (data not shown). Many substitutions in 

the amino acid sequence of Syr v I in comparison with Ole 
e I are of non-conservative character (e.g. positions 9, 48, 
50, 71, 91, 95, etc). If some of these positions were located 
at particularly exposed regions, it could be enough to create 
solubility differences. It is well known that punctual amino 
acid substitutions in a polypeptide chain can induce dramatic 
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changes on physical and functional properties of a protein. 
The slow release of Syr v I from the lilac pollen wall and 
the low solubility, in addition to the non-anemophilous 
(non-wind pollinating) character of S. vulgaris [29], could 
also explain the low incidence of this allergen in the human 
population, even under conditions of local exposure to risk 
concentrations of pollen grains. 

The molecular and immunological properties of the lilac 
allergen are very similar to those shown by Ole e I [5, 231. 
Nevertheless, the olive pollen allergen have three variants of 
the same 145-amino-acid polypeptide chain, non-glycosyl- 
ated (18 kDa) and glycosylated (20 kDa and 22 kDa) forms, 
whereas Syr v I would be composed of a main component, a 
glycosylated polypeptide of about 145 amino acids in length 
(20 kDa), and a variant with a greater degree of glycosylation 
(22 kDa). 

Current PCR techniques are particularly useful for clon- 
ing and sequencing cDNA corresponding to structurally re- 
lated proteins which differ in a few nucleotides. The specific 
cDNA amplification from total RNA preparations only de- 
pends on the knowledge of partial amino acid sequences of 
the protein under study [30-331. Considering the total iden- 
tity of the five N-terminal amino acid residues of these olive 
and lilac allergens, and assuming a similar degree of simi- 
larity at the C-terminal ends of these proteins, oligonucleo- 
tide primers were designed in order to obtain the PCR 
amplification of the lilac cDNA. The experiment allowed the 
isolation of a DNA fragment, which exhibits the expected 
size to encode an Ole e I-like protein. Three different cDNA 
clones were analyzed, the first nucleotide sequences of 
Oleaceae allergens being obtained. The sequence differences 
observed for the Syr v I isoforms are unlikely to be due to 
PCR artefacts because of many reasons. The expected error 
frequency of the Taq polymerase (1/10-5 nucleotides per cy- 
cle) [34] is much lower than the observed exchanges. High 
amounts of the observed nucleotide exchanges are silent; 48, 
63 and 73%, respectively, for Syr v 1.1, Syr v 1.2 and Syr 
v 1.3 isoforms, which are not expected values for the Taq 
polymerase activity. Reamplification of a specific cDNA 
clone rendered a nucleotide sequence identical to the original 
template. Finally, some of the nucleotide heterogeneities de- 
tected in lilac cDNA lead to amino acids appearing at the 
same positions in the olive allergen, which is far from the 
statistical probability of error. 

The microheterogeneity observed in both olive [5] and 
lilac allergens is not exclusive to the Oleaceae family since 
it is also exhibited by a remarkable number of allergens from 
different natural sources. The most important pollen aller- 
gens, from a clinical point of view, show a polymorphic char- 
acter; tree pollen allergens such as Cor a I [35], ragweed 
pollen allergens, such as Amb a I and Arnb a I1 [36] and grass 
allergens, such as Poa p IX and Lol p I [32, 371. 

The amino acid sequence differences observed between 
olive and lilac pollen allergens isoforms could result in dif- 
ferent immunological behaviours. It has been demonstrated 
that recombinant Cor a I isoallergens from hazel pollen dis- 
play different IgE-binding and IgG-binding properties [35]. 
Thus, it seems that a few amino acid differences in the pro- 
tein sequence would be enough to show selective recognition 
by individual allergic sera or monoclonal antibodies. There- 
fore, the differences observed when assaying the IgG binding 
of lilac, ash, privet and forsythia pollen extracts against sev- 
eral Ole e I-specific monoclonal antibodies would be justi- 
fied by the existence of amino acid substitutions at the anti- 
genic determinants of their closely related, but not identical, 

allergens. The knowledge of the complete amino acid se- 
quences of the Oleaceae allergens, as well as the cloning 
and expression of the distinct isoforms will allow important 
advances in finding the structure/antigenicity relationships 
for these molecules and will improve the design and produc- 
tion of well-defined antigens for clinical purposes. 

Finally, the Ole e I-like proteins are of additional interest 
since they exhibit more than 30% sequence identity with the 
proteins encoded by Zinc13 and LAT52 genes, obtained from 
maize and tomato pollens, respectively [38, 391. The aligne- 
ment of their primary sequences allows the identification of 
conserved segments, which could be involved in the biologi- 
cal role suggested for these proteins in the pollen germination 
process [38, 391. 

This work was supported by grants PB89l087 and PB92/0195 
from the Direccidn General de Investigacidn CientzjFica y Tkcnica 
(M. E. C., Spain). We are indebted to Drs C. Lahoz and M. L. 
Gonzilez for kindly providing the Ole e I-specific monoclonal anti- 
body 19G6 and olive-sensitive-human sera, respectively. We also 
thank to Dr J. G. Gavilanes for critical reading of the manuscript. 

REFERENCES 
1. Bousquet, J., Guerin, B., Hewitt, B., Lim, S. & Michel, F. 8. 

(1 985) Allergy in the Mediterranean area. 111. Cross-reactivity 
among Oleaceae pollens, Clin. Allergy 15, 439-448. 

2. Wheeler, A. W. (1992) Hypersensitivity to the allergens of the 
pollen from the olive tree (Olea europaea), Clin. Exp. Allergy 
22, 1052-1057. 

3. Lauzurica, P., Maruri, N., Galocha, B., Gonzalez, J., Diaz, R., 
Palomino, P., Hernindez, D., Garcia, R. & Lahoz, C. (1988) 
Olive (Olea europea) pollen allergens-11. Isolation and 
characterization of two major antigens, Mol. Imrnunol. 25, 
337-344. 

4. Villaba, M., Ldpez-Otin, C., Martin-Orozco, E., Monsalve, R. 
I., Palomino, P., Lahoz, C. & Rodriguez, R. (1990) Isolation 
of three allergenic fractions of the major allergen from Olea 
europea pollen and N-terminal amino acid sequence, 
Biochem. Biophys. Res. Comrnun. 172, 523-528. 

5. Villalba, M., Batanero, E., Ldpez-Otin, C., Sinchez, L. M., 
Monsalve, R. I., Gonzilez de la Pefia, M. A,, Lahoz, C. & 
Rodriguez, R. (1993) The amino acid sequence of Ole e I, the 
major allergen from olive tree (Olea europaea) pollen, Eur: J. 
Biochem. 216, 863-869. 

6. Baldo, B. A., Panzani, R. C., Bass, D. & Zerboni, R. (1992) 
Olive (Olea europea) and privet (Ligustrurn vulgare) pollen 
allergens. Identification and cross-reactivity with grass pollen 
proteins, Mol. Irnmunol. 29, 1209-1218. 

7.  Obispo, T. M., Melero, J. A,, Carpizo, J. A,, Carreira, J. & 
Lombardero, M. (1993) The main allergen of Olea europaea 
(Ole e I) is also present in other species of the oleaceae family, 
Clin. Exp. Allergy 23, 311 -316. 

8. Marsh, D. G., Goodfriend, L., King., T. K., Lowenstein, H. & 
Platts-Mills, T. A. E. (1988) Allergen nomenclature, Clin. Al- 
lergy 18, 201-209. 

9. Aalberse, R. B. (1992) Clinically significant cross-reactivities 
among allergens, Int. Arch. Allergy Imrnunol. 99, 261 -264. 

10. Scheiner, 0. (1992) Recombinant allergens: biological, immu- 
nological and practical aspects, Int. Arch. Allergy Imrnunol. 
98,93-96. 

11. Beaven, G. H. & Holiday, E. R. (1952) Ultraviolet absortion 
spectra of proteins and amino acids, Adv. Protein Chern. 7 ,  
319-386. 

12. Laemmli, U. K. (1970) Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4, Nature 227, 
680- 685. 

13. Towbin, H., Staehelin, T. & Gordon, J. (1979) Electrophoretic 
transfer of proteins from polyacrylamide gels to nitrocellulose 



193 

Epitopes on Cry j I and Cry j I1 for the human IgE antibodies 
cross-reactive between Cupressus sepewirens and Cryptome- 
ria japonica pollen, Mol. Immunol. 30, 183-189. 

28. Calkhoven, P. G., Aalbers, M., Koshte, V. L., Pos, O., Oei, H. 
D. & Aalberse, R. C. (1987) Crossreactivity among birch pol- 
len, vegetables and fruits as detected by IgE antibodies is due 
to at least three different crossreactive structures, Allergy 42, 
382 - 390. 

29. D’Amato, G., Mullins, J., Nolard, N., Spieksma, F. T. M. & 
Wachter, R. (1988) City spore concentrations in the European 
Economic Community (EEC). VII. Oleaceae (Fraxinus, 
Ligustrum, Olea), Clin. Allergy 18, 541 -547. 

30. Chua, K. Y., Stewart, G. A,, Simpson, R. J., Dilworth, R. J., 
Plozza, T. M. & Turner, K. J. (1988) Sequence analysis of 
cDNA coding for a major house dust mite allergen, Der p I, 
.I. Exp. Med. 167, 175-182. 

31. Gosh, B., Perry, M. P. & Marsh, D. G. (1991) Cloning the cDNA 
encoding the Amb t V allergen from giant ragweed (Ambrosia 
trifdu) pollen, Gene (Amst.) 101, 2-8. 

32. Griffith, I. J., Smith, P. H., Pollock, J., Theerakulpisut, P., Avji- 
oglu, A., Davies, S., Hough, T., Sing, M. B., Simpson, R. J., 
Ward, L. D. & Knox, R. B. (1991) Cloning and sequencing 
of Lo1 p I, the major allergenic protein of rye-grass pollen, 
FEBS Lett. 279, 210-215. 

33. Larsen, J., Stroman, P. & Ipsen, H. (1992) PCR based cloning 
and sequencing of isogenes encoding the tree pollen major 
allergen Car b I from Carpinus betulus, hornbeam, Mol. Im- 
rnunol. 29,703-711. 

34. Erlich, H. A., Gelfand, D. & Sninsky, J. J. (1991) Recent ad- 
vances in the polymerase chain reaction, Science 252, 1643 - 
1651. 

35. Breiteneder, H., Ferreira, F., Hoffmann-Sommergruber, K., 
Ebner, C., Breitenbach, M., Rumpold, H., Kraft, D. & 
Scheiner, 0. (1993) Four recombinant isoforms of Cor a I, 
the major allergen of hazel pollen, show different IgE-binding 
properties, Eur: J. Biochem. 212, 355-362. 

36. Griffith, I. J., Pollock, J. ,  Klapper, D. G., Rogers, B. L. & Nault, 
A. K. (1991) Sequence polymorphism of Amb a I and Amb a 
11, the major allergens in Ambrosia arternisiifolia (Short rag- 
weed), Int. Arch. Allergy Appl. Immunol. 96, 296-304. 

37. Silvanovich, A,, Astwood, J., Zhang, L., Olsen, E., Kisil, F., 
Sehon, A,, Mohapatra, S. & Hill, R. (1991) Nucleotide se- 
quence analysis of the three cDNA coding for Poa p IX isoal- 
lergens of Kentucky bluegrass pollen, J. Biol. Chem. 266, 
1 204- 1210. 

38. Hanson, D. D., Hamilton, D. A., Travis, J. L., Bashe, D. M. & 
Mascarenhas, J. P. (1989) Characterization of a pollen-spe- 
cific cDNA clone from Zea mays and its expression, Plant 
Cell 1, 173-179. 

39. Twell, D., Wing, R., Yamaguchi, J. & MacConnick, S. (1989) 
Isolation and expression of an anther-specific gene from 
tomato, Mol. & Gen. Genet. 217, 240-245. 

sheets: procedures and some appliances, Proc. Natl Acad. Sci. 
USA 76,4350-4354. 

14. Lauzurica, P., Gurbindo, C., Maruri, N., Galocha, B., Diaz, R., 
Gonzalez, J., Garcia, R. & Lahoz, C. (1988) Olive (Olea 
europeu) pollen allergens. I. Immunochemical characteriza- 
tion by immunoblotting, CRIE and immunodetection by a mo- 
noclonal antibody, Mol. Immunol. 25, 329-335. 

15. Hsi, K.-L., Chen, L., Hawke, D. H., Zieske, L. R. & Yuang, P.- 
M. (1991) A general approach for characterizing glycosyl- 
ation sites of glycoproteins, Anal. Biochem. 198, 238-245. 

16. Hewick, R. M., Hunkapiller, M. W., Hood, L. E. & Dreyer, W. 
(1981) A gas-liquid solid phase peptide and protein sequena- 
tor, J. Biol. Chem. 256, 7990-7997. 

17. Ullrich, A., Shine, J., Chirgwin, J., Pictet, R., Tischer, E., Rutter, 
W. J. & Goodman, H. M. (1977) Rat insulin genes: construc- 
tion of plasmids containing the coding sequences, Science 
196, 1313-1318. 

18. Sambrook, J., Fritsch, E. F. & Maniatis, T. (1989) Molecular 
cloning: a laboratory manual, 2nd edn, vol. 3 (Nolan, C., ed.) 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NY. 

19. Gubler, V. & Hoffman, B. J. (1983) A simple and very efficient 
method for generating cDNA libraries, Gene (Amst.) 25, 

20. Frohman, M. A., Dush, M. K. & Martin, G. R. (1988) Rapid 
production of full length cDNAs from rare transcripts : 
amplification using a single gene-specific oligonucleotide 
primer, Proc. Natl Acad. Sci. USA 85, 8998-9002. 

21. Sanger, F., Nicklen, S. & Coulson, A. R. (1977) DNA sequenc- 
ing with chain termination inhibitors, Proc. Natl Acad. Sci. 
USA 74,5463 - 5467. 

22. Wheeler, A. W., Hickman, B. E. & Fox, B. (1990) Hetero- 
geneity of a major allergen from olive (Olea europaea) pollen, 
Mol. Immunol. 27, 631 -636. 

23. Batanero, E., Villalba, M. & Rodriguez, R. (1994) Glycosyl- 
ation site of the major allergen from olive tree pollen. Aller- 
genic implications of the carbohydrate moiety, Mol. Immunol. 
31, 31-37. 

24. Eriksson, N. E., Wilh, J. A., Arrendal, H. & Strandhede, S. 0. 
(1987) Tree pollen allergy 111. Cross reactions based on results 
from skin prick tests and the RAST in hay fever patients. A 
multi-centre study, Allergy 42, 205-214. 

25. Rohac, M., Birkner, T., Reimitzer, I., Bohle, B., Steiner, R., 
Breitenbach, M., Kraft, D., Scheiner, O., Gabl, F. & Rumpold, 
H. (1991) The immunological relationship of epitopes on 
major tree pollen allergens, Mol. Immunol. 28, 897-906. 

26. Panzani, R., Yasueda, H., Shimizu, T. & Shida, T. (1986) Cross- 
reactivity between the pollen of Cupressus sempewirens 
(Common cypress) and of Cryptomeria japonica (Japanese 
cedar), Ann. Allergy 57, 26-30. 

27. Taniai, M., Kayano, T., Takakura, R., Yamamoto, S., Usui, M., 
Ando, S., Kurimoto, M., Panzani, R. & Matuhasi, T. (1993) 

263 - 269. 




