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Abstract The Ole e 6 allergen from olive tree pollen has been

isolated by combining gel permeation and reverse-phase chro-

matographies. It is a single and highly acidic (pI 4.2) polypeptide

chain protein. Its NH2-terminal amino acid sequence has been

determined by Edman degradation. Total RNA from the olive

tree pollen was isolated, and a specific cDNA was amplified by

the polymerase chain reaction using a degenerate oligonucleotide

primer designed according to the NH2-terminal sequence of the

protein. The nucleotide sequencing of the cDNA rendered an

open reading frame encoding a 50 amino acid polypeptide chain,

in which two sets of the sequential motif Cys-X3-Cys-X3-Cys are

present. No sequence similarity has been found between this

protein and other previously described polypeptides.
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1. Introduction

An increasing proportion of the population of developed

countries is a¡ected by type-I allergy, su¡ering from respira-

tory, skin and intestinal disorders. Although the molecular

basis of these IgE-mediated diseases are not well explained,

their diagnosis and treatment require the preparation of large

amounts of pure and well de¢ned allergens, which can be

mainly provided by means of cDNA cloning and expression.

Anemophilous pollens are responsible for one of the most

frequent type-I allergy, the pollinosis, and in particular, the

olive tree (Olea europaea) pollen is one of the main causes of

pollinosis in countries of the Mediterranean area [1]. The ma-

jor allergen present in this pollen, Ole e 1, is a protein of 20

kDa molecular mass, which has been cloned and expressed in

E. coli [2,3]. It consists of a single 145 amino acid polypeptide

chain and contains a N-linked glycosyl moiety [4]. Besides Ole

e 1, several IgE-binding proteins have been detected in the

saline extract of this pollen [5^7], and some of them have

been puri¢ed and characterized [8,9]. To improve the diagno-

sis and therapy of this allergy, as well as to explain the ob-

served cross-reactivities with other allergenic sources, mainly

pollens and fruits, the analysis of the other IgE-binding pro-

teins from olive tree pollen is required. In addition, the study

of these proteins is necessary in understanding structure-aller-

genicity relationship. In this paper, we describe the isolation

and characterization of a novel olive tree pollen allergen. Iso-

lation and sequence of a cDNA clone encoding this allergen is

also reported.

2. Materials and methods

Pollen extract was prepared as previously described [8]. The lyo-

philized saline extract was dissolved in 0.2 M ammonium bicarbonate

and subjected to gel ¢ltration on a Sephadex G-75 column. IgE-bind-

ing activity of the fractions was assessed by using sera from patients

allergic to olive tree pollen, by immunoblot analysis [8]. Active frac-

tions were chromatographed on a Sephadex G-50 super¢ne column

equilibrated in 0.2 M ammonium bicarbonate, and afterwards on a

nucleosil C18 column (reverse-phase high performance liquid chroma-

tography; RP-HPLC). An acetonitrile gradient (15^55%) in 0.1% tri-

£uoroacetic acid was employed for the elution of the samples. Ab-

sorbance was measured at 214 nm, and the above immunoblot

analysis was used to detect the allergenic protein.

NH2-terminal Edman degradation of both native and alkylated

protein were performed on an Applied Biosystems model 477A se-

quencer. The phenylthiohydantoin-amino acid derivatives were ana-

lysed by using a 120 A on-line analyzer and the standard Applied

Biosystems program. SDS-PAGE was performed according to

Laemmli [10] in 15% polyacrylamide gels. Molecular weight estima-

tions were done according to Weber and Osborn [11] by using protein

markers provided by Sigma (MW-SDS-70L). Alternatively, the sam-

ples were analysed after reduction at 80³C for 20 min. Isoelectrofo-

cussing (IEF) was performed in a 3^9 pH gradient, with a 5% poly-

acrylamide gel containing Pharmalyte carrier ampholytes as described

[8].

Sera from untreated donors with positive skin and radioallergo-

sorbent tests (RAST) class 4^6 to Olea europaea allergen extract

were used for immunoassays. Polyclonal antiserum against the puri-

¢ed antigen was prepared by immunizing New Zealand rabbit over a

8-week period by multidermal injections of the protein (50 Wg) [12].

Protein bands in SDS-PAGE were transferred onto nitrocellulose

membranes according to [13]. Immunoblot analyses were performed

as described in [8], with minor modi¢cations. Human sera were used

diluted 10-fold, and the rabbit polyclonal antibody 5000-fold. The

signal was developed by the ECL-Western-blotting reagent (Amer-

sham). IgE-binding measurements were performed by densitometric

readings of the immunoblotting analyses. ELISA titration was per-

formed as described [8]. After coated with 100 Wl antigen (1 Wg/ml),

the plates were incubated with the human sera diluted 10-fold fol-

lowed by mouse anti-human IgE and horseradish-peroxidase-labelled

goat anti-mouse IgG as described [8]. Alternatively, the antigen-

coated wells were incubated with di¡erent dilutions of the rabbit

polyclonal antibody obtained against the puri¢ed allergen, followed

by horseradish peroxidase-labelled anti-rabbit IgG.

Total RNA from olive tree pollen was extracted as described [3].

Single-stranded cDNA was synthesized from total RNA by using a

cDNA synthesis kit (Pharmacia Biotech) according to the manufac-

turer's instructions and using an oligo dT-adaptor as primer: 5P-

GAGAATTCGGATCCATCGA(T)17-3P. The speci¢c oligonucleotide

primer (OL4-1) was designed based on the NH2-terminal amino acid

sequence of the isolated protein, positions 1^8 (5P-CGGGATCC-

GAYGARGCNCARTTYAARGARTG-3P), and containing a Bam-

HI restriction site. The cDNA template and 50 pmol of the primers,

OL4-1 and adaptor, were denatured at 95³C for 15 min in a PCR

mixture. After adding 2.5 U DynaZyme DNA polymerase (Finnzymes

Oy), the sample was subjected to PCR ampli¢cation following the

procedure described by Villalba et al. [3]. Under these conditions, a

single PCR product of about 440 bp was obtained. The fragment was

puri¢ed by using the Magic PCR Prep kit (Promega), and digested

with BamHI endonuclease. The fragment was incorporated into a

dephosphorylated BamHI-digested pUC19 plasmid vector, and used
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for transformation of competent E. coli DH5KFP cells, by standard

procedures. pUC19 plasmid minipreps were used as template for se-

quencing, which was achieved by using the dideoxy chain termination

method [14] and deoxy[K-
35
S]ATP with the Sequenase 2.0 kit (U.S.

Biochemical). Sequencing primers for both strands, M13mp18 univer-

sal and reverse, were from New England Biolabs. Sequencing was

carried out according to the manufacturer's recommendations.

3. Results

3.1. Isolation and characterization of the antigen

The pure protein was obtained after three chromatographic

steps: two size exclusion chromatographies on Sephadex G-75

and G-50 super¢ne, and a reverse-phase HPLC C18 column

(Fig. 1). The analysis of the di¡erent elution pro¢les was

performed by immunoblotting after SDS-PAGE. A pool of

sera from patients allergic to olive tree pollen lacking reactiv-

ity against Ole e 1 was used for such a purpose. The isolated

protein was homogeneous by SDS-PAGE, IEF and NH2-ter-

minal amino acid sequencing. It exhibits an apparent molec-

ular mass of 10 kDa by SDS-PAGE (Fig. 2). IEF analysis of

this protein renders an acidic pI of 4.2 (data not shown). The

NH2-terminal amino acid sequence, obtained by means of the

Edman degradation, is DEAQFKECYDTCHKECSDKGN-

GFT, this result being identical for three di¡erent protein

preparations. No microheterogeneity was detected at any of

the 24 determined residues.

3.2. Antigenic activity

Immunoblotting analysis with 255 individual sera from pa-

tients allergic to olive tree pollen revealed that 40 of them

contained IgE able to bind the puri¢ed protein. Although

the obtained prevalence was around 15%, however di¡erences

are found depending on the geographic origin of the sera. Ten

percent of the sera collected at the area of Madrid were pos-

itive, while this value increases up to 55% at the area of

Coèrdoba (Andaluc|èa). These facts correlates the major aller-

genic character of the puri¢ed protein with intensive olive tree

culture. Most of the sera (90%) from patients allergic to olive

pollen, which recognized the puri¢ed protein, also exhibited

IgE-binding capability to other olive pollen proteins, such as

Ole e 1 or pro¢lin. For about 30% of them, the IgE antibodies

speci¢c to the isolated protein represented more than 40% of

the total IgE response. We designated this protein as Ole e 6,

in accordance with the approved nomenclature system of the

International Union of Immunological Societies [15].

A pool of the above positive sera was used for the antigenic

characterization of Ole e 6 in immunoblotting (Fig. 2). The

IgE-binding a¤nity of the allergen was measured by ELISA

titration by using the same pool of sera. The obtained results

are shown in Fig. 3a, in comparison with the response of a

pool of sera obtained from non-allergic individuals.

A speci¢c polyclonal antibody was obtained by rabbit im-

munization with Ole e 6. This was used to analyze the IgG-

binding response of the puri¢ed allergen by both immunoblot-

ting (Fig. 2) and indirect ELISA titration (Fig. 3b). The aller-

gen Ole e 1 was used as a negative control.

3.3. cDNA cloning and nucleotide sequence of Ole e 6

Total RNA was obtained from olive tree pollen and the

single-stranded cDNA synthesized. A DNA fragment encod-

ing this protein was ampli¢ed by means of the PCR, using a

degenerate oligonucleotide primer, designed according to the
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Fig. 3. ELISA titration of Ole e 6. (a) IgE-binding to puri¢ed Ole e

6 with a pool of sera from patients allergic to olive pollen (b), in

comparison to the response obtained with the sera from non-allergic

individuals (F). (b) IgG-binding analysis of Ole e 6 (b) with a spe-

ci¢c rabbit polyclonal antiserum; Ole e 1 (F) was used as a negative

control.

Fig. 1. Elution pro¢le of the chromatography on a RP-HPLC nucle-

osil C-18 column by using a gradient (15^55%) of acetonitrile. The

fractions containing the Ole e 6 allergen are denoted by an horizon-

tal bar.

Fig. 2. SDS/PAGE analysis of Ole e 6. Lanes: 1, Coomassie blue

staining of the 15% polyacrylamide gels; 2, IgE-binding analysis

with a pool of sera of patients allergic to olive pollen; 3, IgG-bind-

ing analysis with a polyclonal antiserum raised against puri¢ed Ole

e 6.
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NH2-terminal sequence of the allergen, and the adaptor pri-

mer that hybridized with the sequence linked to the oligodT

primer used in the cDNA synthesis. A PCR fragment of about

340 bp was isolated and sequenced. Fig. 4 shows both the

nucleotide sequence and the deduced amino acid sequence.

It corresponds to a 50 residues polypeptide chain. Because

of the small size of the deduced sequence compared to the

apparent molecular mass of the puri¢ed protein, analysis of

three di¡erent PCR ampli¢cations were performed in order to

con¢rm the stop codon position. They rendered identical nu-

cleotide sequences.

4. Discussion

Pollens are common sources of allergy and frequently con-

tain several allergenic proteins. A number of allergens have

been detected and characterized from olive tree pollen extracts

[2,3,8,9]. Now, the Ole e 6 allergen has been isolated. The

protein consists of a single polypeptide chain of 50 amino

acids, highly polar (22 charged residues). No evidence of dif-

ferent isoforms of Ole e 6 has been obtained from both the

isolated protein (IEF, NH2-terminal Edman degradation,

HPLC-rechromatography) and nucleotide sequence analysis

(di¡erent PCR ampli¢cations from di¡erent cDNA prepara-

tions rendered identical deduced amino acid sequences). It is

remarkable the presence of 6 Cys residues (12%) arranged in

two sets of the sequential motif Cys-X3-Cys-X3-Cys, which

may suggest a novel conformational element. The repetition

of this Cys-enriched sequence motif could arise from a dupli-

cation process since the segments comprised between the po-

sitions 5^19 and 23^37 of the polypeptide chain display 40%

sequence identity.

The molecular mass of the protein, calculated from the

amino acid sequence, is 5830 Da, while the value obtained

by SDS-PAGE is 10 kDa. The result of this analysis is

strongly dependent on the conformation of the molecule for

molecular mass below 15 kDa, and non-globular proteins give

anomalous results. In addition, Ole e 6 is a small acidic pro-

tein and the binding of the negatively charged SDS molecules

could be defective. The protein could also bear a molecular

group covalently bound to the polypeptide chain. No conca-

navalin A reaction product was detected for Ole e 6 (data not

shown), and the protein does not contain any consensus N-

linked sugar binding site; however, the presence of a Ser-

bound sugar moiety cannot be totally discarded.

Ole e 6 is a major allergen clinically important in regions

where the olive tree pollen constitutes a main cause of respi-

ratory allergies since its prevalence among these populations is

higher than 50%. The delay in ¢nding this signi¢cant allergen

may be related to its loss from the dialysis bags usually em-

ployed through the preparation of pollen extracts.

Searching for homologous polypeptides into nucleotide and

amino acid sequence databases resulted unsuccessful, since no

signi¢cant similarity has been found with any other known

molecule. Interestingly, two sets of the Cys-X3-Cys-X3-Cys

motif are also present in the amino acid sequence deduced

from Tap1, a stamen-speci¢c gene from snapdragon (Antirrhi-

num majus) [16], and the sequence length between these two

Cys-motifs (9 residues) is identical to that of Ole e 6 (Fig. 5).

However, Tap1 cDNA contains an open reading frame of 107

amino acids, and the similarity of the whole sequences is not

signi¢cant by using the criteria of Doolittle and Feng [17]. In

addition, genes homologous to Tap1 have been detected in

other plants such as Nicotiana tabacum, by Southern blot

analysis of genomic DNA with Tap1-speci¢c cDNA under

stringent conditions, which suggests an evolutionary con-

served sequence for the protein from di¡erent sources. There-

fore, although these proteins share 30% identity in the con-

sidered region, Ole e 6 is not expected to be the equivalent

protein in the olive tree.

Finally, both small and Cys-enriched proteins, such as he-

vein, apamine, Amb t 5 or Amb f 5, have been also found to

be allergens. The comparison of the molecular and physical

properties of Ole e 6 with those of these allergens may inform

about their allergenicity-structure relationships.

Acknowledgements: This work was supported by the Direccioèn Gen-

eral de Investigacioèn Cient|è¢ca y Teècnica (Spain) (PB92-0195 and

PB95-0074). E.B. and A.L. were recipients of predoctoral fellowships

from the Universidad Complutense de Madrid and from the Ministe-

rio de Educacioèn y Ciencia (Spain), respectively.

References

[1] Bousquet, J., Cour, P., Guerin, B. and Michel, F.-B. (1985) Clin.

Allergy 14, 249^258.

[2] Villalba, M., Batanero, E., Loèpez-Ot|èn, C., Saènchez, L.M., Mon-

salve, R.I., Gonzaèlez de la Penìa, M.A., Lahoz, C. and Rodr|èguez,

R. (1993) Eur. J. Biochem. 216, 863^869.

[3] Villalba, M., Batanero, E., Monsalve, R.I., Gonzaèlez de la Penìa,

M.A., Lahoz, C. and Rodr|èguez, R. (1994) J. Biol. Chem. 269,

15217^15222.

[4] Batanero, E., Villalba, M. and Rodr|èguez, R. (1994) Mol. Immu-

nol. 31, 31^37.

[5] Blanca, M., Bulton, P., Brosto¡, J. and Gonzaèlez-Reguera, I.

(1983) Clin. Allergy 13, 473^478.

FEBS 18730 10-7-97

Fig. 5. Secondary structure prediction according to Ref. [18], of Ole

e 6 (K-helix, shaded boxes; L-turns, upper line) and amino acid se-

quence alignment with the 33^67 region of the primary structure de-

duced from the stamen-speci¢c gen Tap1 from snapdragon (identi-

ties are indicated by vertical bars).

Fig. 4. Nucleotide sequence of a cDNA clone encoding Ole e 6, and

its deduced amino acid sequence. The primer used is underlined.

The amino acid sequence obtained by Edman degradation is indi-

cated in italic letters. Cystein residues are highlighted in bold letters.

The polyadenylation signal is boxed. The nucleotide sequence re-

ported has been submitted to the GenBank/EMBL Data Bank and

will appear with accession No. U86342.

E. Batanero et al./FEBS Letters 410 (1997) 293^296 295



[6] Lauzurica, P., Maruri Galocha, B., Gonzaèlez, J., D|èaz, R., Palo-

mino, P., Hernaèndez, D., Garc|èa, R. and Lahoz, C. (1988) Mol.

Immunol. 25, 337^344.

[7] Wheeler, A.W., Hickman, B.E. and Fox, B. (1990) Mol. Immu-

nol. 27, 631^636.

[8] Batanero, E., Villalba, M., Ledesma, A., Puente, X.S. and Rodr|̈-

guez, R. (1996) Eur. J. Biochem. 241, 772^778.

[9] Boluda, L., Alonso, C. and Fernaèndez-Caldas, E. (1996) J. Al-

lergy Clin. Immunol. 99, S353. Abstract

[10] Laemmli, U.K. (1970) Nature 227, 680^685.

[11] Weber, K. and Osborn, M. (1969) J. Biol. Chem. 244, 4406^4412.

[12] Vaitukaitis, J.L. (1981) Methods Enzymol. 73, 46^52.

[13] Towbin, H., Staehelin, T. and Gordon, J. (1979) Proc. Natl.

Acad. Sci. USA 76, 4350^4354.

[14] Sanger, F., Nicklen, S. and Coulson, A.R. (1977) Proc. Natl.

Acad. Sci. USA 74, 5463^5467.

[15] King, T.P., Ho¡man, D., Loëwenstein, H., Marsh, D.G., Platts-

Mills, T.A.E. and Thomas, W. (1994) Bull. W.H.O. 72, 797^803.

[16] Nacken, W.K.F., Huijser, P., Beltran, J.-P., Saedler, H. and

Sommer, H. (1991) Mol. Gen. Genet. 229, 129^136.

[17] Doolittle, R.F. and Feng, D.-F. (1990) Methods Enzymol. 183,

659^669.

[18] Chou, P.Y. and Fasman, G.D. (1978) Annu. Rev. Biochem. 47,

251^276.

FEBS 18730 10-7-97

E. Batanero et al./FEBS Letters 410 (1997) 293^296296


