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Separation of horse dander allergen proteins by two-dimensional electrophoresis
Molecular characterisation and identification of Equ c 2.0101 and Equ c 2.0102
as lipocalin proteins
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The aim of this work was to identify which proteins in horse dander extracts are allergens and to
characterise them. Two-dimensional PAGE showed that horse dander preparations are composed of up to
50 proteins, all having acidic isoelectric points in the pH range 324.5. Immunoblots of two-dimensional
PAGE were used to compare the reactivity of the proteins with IgE from 23 allergic patients. Patient sera
were divided into two main groups recognising either allergens of18.5 kDa or proteins of 27229 and
31 kDa. The proteins of 27229 kDa and 31 kDa were all N-glycosylated and their glycan chains seem
to play a role in the binding of IgE from allergic patients. The sugar composition of their carbohydrate
moiety was determined and lectin-binding experiments indicated presence of terminal sialic acid linked
A-(2→6) to galactose, galactose linkedβ-(1→4) to N-acetylglucosamine, and possibly presence of sialic
acid linkedA-(2→3) to galactose. The 27229-kDa glycoproteins had heterogeneous isoelectric points,
most probably due to different degrees of sialylation in their oligosaccharide chains. The two18.5-kDa
allergens exhibited slightly different isoelectric points and their N-terminal sequences were identical,
showing that they most likely were isoforms of the same protein. Sequence analyses revealed that their
N-terminal sequences are similar to proteins belonging to the lipocalin family. We named the two18.5-
kDa proteins Equ c 2.0101 and Equ c 2.0102, according to International Allergen Nomenclature recom-
mendations [King, T. P., Hoffman, D., Løwenstein, H., Marsh, D. G., Platts-Mills, T. A. E. & Thomas,
W. (1995) J. Allergy Clin. Immunol. 96, 5214]. The N-terminal of the allergens of 27229 kDa were
blocked and their sequences were not determined. Their amino acid compositions were determined and
comparison with acidic mammalian proteins in the Swiss-Prot database revealed high scores with lipocalin
proteins. This suggests that the glycosylated horse dander allergens belong to the lipocalin family, like
Equ c 2.0101 and Equ c 2.0102.

Keywords:horse dander allergen; two-dimensional PAGE; carbohydrate analysis ; N-terminal sequenc-
ing; lipocalin protein.

Allergy to horse dander is limited to individuals directly in ally by a combination of biochemical and immunochemical
contact with the animal. The molecules responsible for this al-methods. However, there is so far only one report on the purifi-
lergy have been studied for about 50 years. It has first beencation to homogeneity of a horse dander major allergen named
demonstrated that horse albumin has allergenic properties and Equ c1 [9]. This allergen was purified by a straightforward
belongs to allergens found in horse hair and dander preparationsmethod involving hydrophobic-interaction chromatography. This
[1]. Since then, other horse proteins from serum and dander haveallowed the determination of several of its biochemical proper-
been shown to be responsible for human allergies [2, 3]. ties. For instance, it has been shown that it is a single polypep-

Several groups have described partial purification and char-tide chain with a molecular mass of 21.5 kDa and a pI of 3.9.
acterisation of allergens from horse hair and dander [428], usu- The results of Gregoire et al. [10] suggest that it is a glycopro-

tein bearing both O- and N-linked oligosaccharides. This glyco-Correspondence toV. Bulone, Centre de Recherches sur les Macro-
protein contains 8.6% of carbohydrates, representing1.85 kDa.molécules Végétales, CNRS-UPR 5301, BP 53, F-38041 Grenoble cedex
The gene encoding Equ c1 was recently cloned and the com-9, France

Fax: 133 4 76 54 72 03. plete sequence of the protein is available [10]. Sequence analysis
E-mail : bulone@cermav.cnrs.fr revealed that Equ c1 is a member of the lipocalin family, a large
Abbreviations.Blast, basic local alignment search tool; HCA, hy-group of small, predominantly extracellular proteins responsible

drophobic cluster analysis; HPAEC-PAD, high-performance anion-ex-for the transport of small hydrophobic molecules [11]. Equ c1
change chromatography pulsed amperometric detector; PNGase F, pep-was described by Dandeu et al. [9] as the horse dander major
tide N-glycosidase F.

allergen. However, previous reports strongly suggest that thereEnzyme.Peptide N-glycosidase F (EC 3.2.1.96).
are other major allergens in horse dander preparations [4, 5, 7,Note.The novel sequence data presented here have been submitted
8]. No sequence of these molecules is available and much re-to the Swiss-Prot database and are available under accession numbers

P81216 (Equ c 2.0101) and P81217 (Equ c 2.0102). mains to be done in this field to allow their clear identification.
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The aim of this study was to characterise horse dander major1.1% glycine and 20% methanol. The following steps were per-
formed at room temperature. The blots were blocked with 5%allergens other than Equ c1. The proteins from horse dander

extracts were separated by two-dimensional PAGE and16 aller- bovine serum albumin in 50 mM Tris/HCl pH 7.4,150 mM
NaCl (Tris/NaCl) for 1 h at room temperature, and incubatedgens were identified. Some of them were found to be glyco-

sylated and their carbohydrate content was analysed. Also, two with a dilution (1 :4 in blocking solution) of either an individual
serum or a pool of sera from allergic patients. A serum from anon-glycosylated major allergens were partially sequenced and

identified as new members of the lipocalin family. They were non-allergic patient was used as a negative control. After a
16-h incubation, the membranes were washed three times fornamed Equ c 2.0101 and Equ c 2.0102, according to Interna-

tional Allergen Nomenclature recommendations [12]. 10 min in Tris/NaCl and incubated for 4 h with peroxidase-con-
jugated rabbit anti-human IgE antibodies diluted (1:1000) in
blocking solution. The blots were washed as described above
and incubated with the peroxidase substrates 3,3′-diaminoben-MATERIALS AND METHODS
zidine (0.5 mg/ml) and H2O2 (0.015%).

Blotting with lectins. The carbohydrate structures of glyco-Chemicals. Carrier ampholytes (Pharmalyte) and protein
molecular mass standards containing phosphorylaseb (94 kDa), proteins separated by two-dimensional PAGE were analysed by

the specific binding of selected lectins, using the digoxigeninbovine serum albumin (67 kDa), ovalbumin (43 kDa), carbonic
anhydrase (30 kDa), soybean trypsin inhibitor (20 kDa) andA- glycan differentiation kit from Boehringer Mannheim. Proteins

separated by two-dimensional PAGE were transferred to nitro-lactalbumin (14 kDa) were from Pharmacia Biotech. Nitrocellu-
lose (0.45µm), polyvinylidene difluoride membranes (0.2µm) cellulose membranes as described above and probed with the

following digoxigenin-labeled lectins according to the manufac-and all chemicals used for two-dimensional PAGE were from
Bio-Rad. Peroxidase-conjugated rabbit anti-human IgE antibod- turer’s directions:Galanthus nivalisagglutinin,Sambucus nigra

agglutinin,Maackia amurensisagglutinin, peanut agglutinin andies specific forε-chains were purchased from Dakopatts A/S.
Recombinant peptide N-glycosidase F (PNGase F) cloned fromDatura stramoniumagglutinin. The lectins bound to the glyco-

sylated proteins were detected using an alkaline phosphatase-Flavobacterium meningosepticumand expressed inEscherichia
coli was from Boehringer Mannheim. All other chemicals were conjugated anti-digoxigenin antibody and the 4-nitroblue tetra-

zolium chloride/5-bromo-4-chloro-3-indolyl-phosphate sub-from Sigma Chemical Co.
Biological material. Horse dander was obtained from Aller- strates following the manufacturer’s instructions.

Deglycosylation of glycoproteins with PNGase F.Forgon AB. The raw material was extracted (5%, mass/vol.) with
125 mM ammonium bicarbonate pH 8.0 at 4°C for 20 h. Insolu- treatment with PNGase F,1 vol. horse dander extract dissolved

in water (10 mg/ml) was mixed with1 vol. 40 mM sodium phos-ble material was removed by centrifugation (130003g, 10 min)
and the supernatant was filtered through two layers of Miracloth phate pH 7.2 containing 20 mM EDTA, 4% Nonidet P-40, 0.4%

SDS and 2% 2-mercaptoethanol. PNGase F was added to the(Behring Diagnostics). The extracts were freeze-dried and stored
at 220°C. Sera from 23 patients were provided by Nycomed mixture at a final concentration of 40 U/ml. A control was pre-

pared the same way by replacing the enzyme solution with phos-Pharma A/S. All patients had a history of allergy to horse only,
and their sera were of the radioallergosorbent test (RAST) class phate buffer. The mixtures were then incubated for 24 h at 37°C

and analysed by two-dimensional PAGE, immunoblotting, and3 and higher.
Two-dimensional polyacrylamide gel electrophoresis. blotting with lectins as described above.

N-terminal sequencing and determination of amino acidTwo-dimensional PAGE was performed using either the Protean
Minicell system from Bio-Rad, or both the Desaphor gel tubecomposition of horse dander proteins.Proteins from horse

dander were separated by two-dimensional PAGE and transfer-electrophoresis apparatus (Desaga) for IEF and the Protean II xi
cell (Bio-Rad) for SDS/PAGE. The technique described by Dun- red to polyvinylidene difluoride membranes using either10 mM

Caps/NaOH pH11 containing10% methanol for N-terminal se-bar [13] was modified as follows. IEF gels contained 8 M urea,
6% acrylamide/bisacrylamide (30:1.8), 7.5% carrier ampholytes quencing, or 7.5 mM Tris buffer containing1.2 mM boric acid

for determination of amino acid composition. Proteins were(Pharmalyte, pH 2.525.0) and 3% Nonidet P-40. The protein
content of the horse dander extract was determined by the Brad- stained with Coomassie brilliant blue R-250 solution (0.025%

in 40% methanol) and spots from10 membranes were excisedford dye-binding assay [14]. Samples were prepared by mixing
one part of the extract dissolved in distilled water (10 mg/ml) and pooled for sequencing or amino acid analysis. Acetic acid

was avoided in both the staining and the destaining (50% metha-with one part of sample buffer containing 8 M urea, 40 mM Tris,
3% Nonidet P-40 and 2.5% 2-mercaptoethanol. After a1-h in- nol) solutions as it might cause blockage of the amino terminus.

Proteins were sequenced by the Protein Sequencing Facilitycubation at room temperature, 50µg protein was loaded on each
minigel and 7210 times more material was loaded on the large (Biotechnology Centre of Oslo, University of Oslo), using an

Applied Biosystems model 477A protein sequencer with an on-gels. The cathode and anode buffers consisted of100 mM NaOH
and 15 mM phosphoric acid respectively. Mini and large IEF line analytical Applied Biosystems120 PTH analyser.

Amino acid composition was also determined by the Proteingels were run until pH equilibrium was reached, at a constant
voltage of 750 V and1000 V, respectively. These gels were then Sequencing Facility at the Biotechnology Centre of Oslo. Pro-

teins were hydrolysed under vacuum in 6 M HCl at110°C andequilibrated for10 min in 125 mM Tris/HCl pH 6.8 containing
2% SDS,10% glycerol and 0.8% 2-mercaptoethanol. For sec- their amino acid compositions determined using a Biotronic LC

5000 automatic amino acid analyser.ond-dimension electrophoresis, SDS/PAGE was performed as
described by Laemmli [15], using15% acrylamide gels. Proteins Analyses of N-terminal sequences and amino acid compo-

sitions. Sequence data were analysed and compared with thewere stained with either Coomassie brilliant blue R-250 or silver
[13], and glycosylated proteins were identified by staining with National Centre for Biotechnology Information (Bethesda MD,

USA) protein and DNA databases using Blast (Basic local align-Schiff’s reagent [16].
Immunoblotting with patient sera. Proteins separated by ment search tool) programs (BLASTP and TBLASTN) [17].

Amino acid compositions of horse dander proteins were com-two-dimensional PAGE were transferred to nitrocellulose mem-
branes using a Bio-Rad Trans-blot apparatus at 250 mA (con- pared with amino acid compositions of the proteins from the

Swiss-Prot database using the AACompIdent program from thestant current) for16 h at 4°C, and10 mM Tris buffer containing
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Table 1. Reactivity of IgE from individual patient sera on immu-
noblots with horse dander allergens.Horse dander proteins were sepa-
rated by two-dimensional PAGE, transferred to nitrocellulose mem-
branes and probed with allergic patients IgE. Proteins are numbered as
described in Fig.1A; minor components are indicated by arrows in
Fig. 1A.

Patient serum number Protein recognised Signal intensity

1 1212 11
2 13215 11
3 1212 1
4 16 1/2

1212 1
5 14, 15 11
6 14, 15 1/2
7 1212 1
8 14, 15 1
9 14, 15 11
10 14, 15 1
11 14, 15 11
12 14, 15 11

minor components 1/2
13 16 1/2

13215 111
14 none
15 none
16 16 1

13215 111
17 1212 1
18 1212 1
19 1212 1

minor components 11
20 14, 15 111Fig. 1. Two-dimensional PAGE and western blot of horse dander

minor components 1proteins. (A) Proteins from the horse dander extract were separated by
21 1212 1two-dimensional PAGE and stained with silver. The arrows indicate the
22 noneposition of minor components giving strong signals on immunoblots
23 nonewith IgE from several patient sera as illustrated in Fig. 2 B. (B) Western

blot of horse dander proteins separated by two-dimensional PAGE and
probed with a pool of allergic patient sera.

gens are clustered into two main groups having apparent molec-
ExPASy Molecular Biology Server (University of Geneva). Hy-ular masses of 20 and 30 kDa, respectively, and acidic pI values
drophobic cluster analysis (HCA) plots were made using thein the range 325. However, this pH gradient did not allow iden-
PCHCA program [18] and compared manually. HCA scorestification of individual allergens because the components were
were calculated as described by Lemesle-Varloot et al. [19]. not well separated. This was achieved by using two-dimensional

Sugar composition of horse dander glycoproteins.Sugar PAGE with a pH gradient of 2.525.0 in the first dimension
composition analysis was performed on individual components(Fig.1A). Fig. 1A shows that the horse dander extract could
separated by two-dimensional PAGE, transferred to polyvinyli-be separated into up to 50 components as detected by silver
dene difluoride membranes (Caps buffer) and stained with Coo-staining.
massie brilliant blue R-250 as described above. Individual spots IgE-binding components were identified after immunoblot-
from 10 membranes were excised and pooled. The glycoproteinsting two-dimensional gels with a pool of sera from allergic pa-
were separately incubated for 4 h at100°C in 2 M trifluoroacetic tients (Fig.1B). Protein spots1215 gave a relatively strong sig-
acid for the release of neutral and amino-monosaccharides. Re-nal and several of these are major components of the prepara-
lease of sialic acid was performed under milder hydrolysis con-tion. Their IgE-binding activity was not due to a non-specific
ditions, i.e. 0.1 M HCl at 80°C for 1 h. Polyvinylidene difluoride binding of IgE antibodies since sera from non-allergic patients
membranes were discarded and the supernatant evaporated todid not give any signal after immunoblotting (not shown). Also,
dryness. Released monosaccharides were dissolved in a mini-some major components such as protein spot16 and proteins
mum volume of de-ionised water and analysed on a Dionex Biodetected in the same area (Fig.1A) did not give any positive
LC system fitted with a CarboPac PA1 analytical anion-ex- signal with the pool of sera from allergic patients. These results
change column (43250 mm) and a pulsed amperometric detec-suggest that the IgE-binding activity of horse dander proteins is
tor (Dionex). Neutral and amino-sugars were eluted isocraticallynot correlated with their relative abundance in the preparation.
using 16 mM NaOH at a flow rate of1ml/min. The samples Horse dander allergen reactivity with IgE in 23 patient sera
containing sialic acid were eluted with a 502180 mM sodium was tested on immunoblots and results are presented in Table1.
acetate gradient in100 mM NaOH at1 ml/min. About 50% of the patient sera contain IgE specifically recognis-

ing the 18.5-kDa components (proteins14 and 15, pI of 3.4
RESULTS and 3.5 respectively), as illustrated in Fig. 2A. 35% of them

recognised the 27229-kDa and 31-kDa proteins (1212), andTwo-dimensional electrophoresis. Two-dimensional PAGE
using a pH gradient of 3210 [8] showed that horse dander aller- IgE in these sera did not cross-react with the18.5-kDa allergens
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Fig. 2. Western blot analysis of horse dander proteins separated by
two-dimensional PAGE and probed with sera from patients.(A) De-
tection of allergens14 and15 (see Fig.1A) with specific IgE from one
patient. (B) Detection of minor components (Fig.1A, arrows) in the
horse dander extract with specific IgE from another patient.

Fig.3. Protein and glycoprotein staining of horse dander compo-
nents separated by two-dimensional PAGE.(A) Carbohydrates were
stained with Schiff’s reagent. (B) Double staining of horse dander com-(Table 1). Reciprocally, the IgE from the sera recognising the
ponents with Schiff’s reagent and Coomassie blue.18.5-kDa allergens did not bind the 27229-kDa and 31-kDa

components. These results show that the allergens recognised by
the largest number of patient sera have an apparent molecular
mass of18.5, 27229 and 31 kDa, and that patient sera can be

tient sera, whereas the first group of sera is specific for the non-divided into two groups: the first one is composed of sera con-
glycosylated allergens (14 and15 of 18.5 kDa).taining IgE specific for the18.5-kDa allergens, the second group

Western blot immunoreactivity of patient sera from the sec-of sera specific for the 27229-kDa and 31-kDa allergens. Inter-
ond group was strongly reduced after periodate oxidation of theestingly, a few sera exhibited a strong reactivity on immunoblots
carbohydrate part of allergens1212 (data not shown). This indi-with minor components (Fig.1A, arrows), as shown in Fig. 2B.
cates that the carbohydrate moiety of the glycosylated allergensAgain, this shows that the IgE-binding activity of horse dander
might play a role in the binding of IgE from the second groupallergens is not correlated with their relative abundance in the
of patient sera.preparation.

Proteins from the horse dander extract separated by two-di-
mensional PAGE were stained with either Schiff’s reagent andCarbohydrate analyses. After two-dimensional PAGE and

blotting to polyvinylidene difluoride membranes, the sugar com-Coomassie brilliant blue, or Schiff ’s reagent alone to detect the
presence of glycan chains on IgE-binding components. Fig. 3A position of the glycosylated allergens was determined by high-

performance anion-exchange chromatography pulsed ampero-shows that proteins1212 and16 are glycosylated since they are
clearly detected with Schiff ’s reagent. Their carbohydrate/pro- metric detector (HPAEC-PAD). The carbohydrate moiety of gly-

coproteins125, 8212 and 16 is composed of about 50%N-tein ratios are relatively high compared with protein13 which
gives a very weak signal with Schiff ’s reagent but is strongly acetylglucosamine,15220% galactose and15230% mannose

(Table 2). Amongst these allergens, some were found to be notstained with Coomassie brilliant blue (Fig. 3). Components14
and15 were not or very poorly glycosylated since they could be (4, 5, 8) or only poorly (3) sialylated, whereas the carbohydrate

moieties of others (1, 2, 9212 and16) contained up to 9.5%detected with Coomassie brilliant blue only (Fig. 3). It is note-
worthy that components1212 (27229 and 31 kDa) are glyco- sialic acid. Components 6 and 7 have a much lowerN-acetylglu-

cosamine content and a much higher mannose content, by com-sylated and specifically recognised by the second group of pa-
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Table 2. Sugar composition of horse dander glycoproteins.Sugar
composition analysis was performed on individual components separated
by two-dimensional PAGE and transferred to polyvinylidene difluoride
membranes. Glycoproteins were stained with Coomassie blue and incu-
bated at100°C for 4 h in 2 M trifluoroacetic acid for release of neutral
and amino-monosaccharides. Release of sialic acid was performed under
milder hydrolysis conditions : 0.1M HCl at 80°C for 1 h. Sugar compo-
sition of each glycoprotein was determined by HPAEC-PAD. SA, sialic
acid.

Glycoprotein Content of

GlcNAc Gal Man SA

%

1 48 21 25 6.0
2 48 22 22 6.5
3 56 16 26 1.7
4 52 19 28 0 Fig.4. Coomassie blue staining of horse dander components treated
5 50 17 32 0 with PNGase F and separated by two-dimensional PAGE.
6 25 5 70 0
7 26 14 57 2.8
8 54 15 30 0
9 45 20 24 9.5 cosylated allergens then became completely deglycosylated as
10 49 16 29 6.0 judged by the Schiff’s reagent staining (not shown). Moreover,
11 50 18 23 7.5 there was no positive signal when the PNGase-F-treated aller-
12 54 14 23 7.5

gens were probed on blots with the lectins fromS. nigra, D.16 54 20 16 9.0
stramoniumand M. amurensis(not shown). These results indi-
cate that the glycosylated components in the preparation all be-
long to the family of N-glycoproteins. The immunoreactivity of
patient sera was strongly reduced when the allergens were
treated with PNGase F (data not shown), confirming the role ofparison with the previous group of allergens (Table 2). Protein

6 was not found to be sialylated in contrast to allergen 7, and it the carbohydrate part in the interaction with IgE. Coomassie
blue staining of PNGase-F-treated allergens showed shifts in thecontains three times less galactose.

Specific binding of several lectins was tested on blots ob- molecular mass and the pI of the glycosylated proteins (Fig. 4).
Components1212 were clearly shifted to a less acidic pH rangetained from two-dimensional PAGE of the horse dander extract.

The lectins fromGalanthus nivalisand peanut did not bind to and to a lower molecular mass area (23225 kDa instead of 272
29 and 31 kDa). These results show that the apparent acidic pIany of the glycosylated allergens, whereas the lectins fromSam-

bucus nigraandDatura stramoniumgave a clear positive signal of these allergens is, at least partially, due to sialic acid in their
carbohydrate moieties, and that the size of their N-glycan chainswith some proteins (Table 3). This indicates the presence of ter-

minal sialic acid linkedA-(2→6) to galactose on allergens12 varies from 325 kDa (proteins 3212) to 6 kDa (proteins1 and
2). Surprisingly, the mobility of proteins14 and15 in two-di-12 and16, and the presence of galactose linkedβ-(1→4) to N-

acetylglucosamine on allergens1212. A much weaker signal mensional gels was slightly modified after treatment with
PNGase F, as illustrated in Fig. 4. The shift observed for thesewas observed for glycoproteins1212 and 16 with the lectin

from Maackia amurensis, indicating possible presence of termi- proteins in the less acidic pH range might be due to a low carbo-
hydrate content, not detectable with Schiff’s reagent. Their ap-nal sialic acid linkedA-(2→3) to galactose (Table 3).

The horse dander extract was treated with PNGase F and parent molecular mass after treatment with PNGase F was not
modified confirming that, if these proteins are glycosylated, theiranalysed by two-dimensional PAGE (Fig. 4). The originally gly-

Table 3. Lectin-binding activity of horse dander glycoproteins.The proteins were separated by two-dimensional PAGE, transferred to nitro-
cellulose membranes and probed with digoxigenin-labeled lectins, using the glycan differentiation kit from Boehringer Mannheim. Proteins are
numbered as described in Fig.1A.

Lectin Specificity Glycoprotein recognised

number signal intensity

G. nivalisagglutinin mannose terminally linked 2

S. nigraagglutinin terminal sialic acid linkedA-(2→6) 16 1/2
to galactose orN-acetylgalactosamine 1212 11

M. amurensisagglutinin terminal sialic acid linked 16 1/2
A-(2→3) to galactose 3212 1/2

122 1

Peanut agglutinin galactose linkedβ-(1→3) to N-acetylgalactosamine 2

D. stramoniumagglutinin galactose linkedβ-(1→4) to N-acetylglucosamine 1212 11
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Fig. 5. Sequence analyses of allergens 14 and 15.(A) Amino acid sequence alignments of horse dander proteins14 (HDA 14) and15 (HDA 15)
and nine similar proteins. The amino acid residues of each protein are numbered. Abbreviations and sources of protein sequence data are BDA,
bovine dander allergen [20, 21]; OBPB, bovine odorant-binding protein [23]; APH [24] and APHP [25], hamster aphrodisin and aphrodisin precursor,
respectively, from black-bellied hamster ; OBPR, rat odorant-binding protein [26]; PBAS, rat probasin [27]; LACAP, porcineβ-lactoglobulin A
[29]; BBLG, bovine β-lactoglobulin [22]; MUP 6, mouse major urinary protein 6 precursor [28]. A consensus sequence of lipocalin proteins is
boxed. The highly conserved GXW motif is bold, and the amino acid residues are in italics where seven or more residues in a column are either
acidic (D or E), basic (R or K) or hydrophobic (A, I, L, M, F, W, Y, V). (B) HCA plots drawn from the N-terminal sequences of horse dander
protein14 and five similar proteins abbreviated as in (A). HCA scores were calculated manually as described by Lemesle-Varloot et al. [19]. The
amino acid color code of Lemesle-Varloot et al. [19] was used: hydrophilic residues are either red (D, E, N, Q) or blue (H, K, R), and hydrophobic
residues are either green (V, I, L, F, W, M, Y) or black (A, C).r, G; h, T; ), S; q (red), P.

carbohydrate/protein ratios are low. Allergen13 was hardly component dramatically affects its mobility, and confirming that
it has a relatively high carbohydrate/protein ratio.shifted after incubation with PNGase F, confirming the low car-

bohydrate content of this component. Conversely, the polypep-
tide corresponding to allergen16 cannot be located on the gelN-terminal sequencing and amino acid analysis.IgE-binding

components were separated by two-dimensional PAGE, transfer-shown in Fig. 4, indicating that treatment with PNGase F of this
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Table 4. Amino acid composition of glycoproteins 9 and 10.The pro- the highly conserved Gly-Xaa-Trp motif [30]. Results obtained
teins were separated by two-dimensional PAGE, transferred to polyvi-with Blast programs and amino acid alignments revealed that
nylidene difluoride membranes, hydrolysed with 6 M HCl and subjectedproteins14 and15 do not show any significant similarity to the
to amino acid analysis. The amino acid compositions of these proteinshorse major allergen called Equ c1 [10].
were compared with those in the Swiss-Prot database, using the AA-

Sequences were further compared by hydrophobic clusterCompIdent program (ExPASy Molecular Biology server). The composi-
analysis (HCA) [19, 31], a very efficient method that can handletions of two proteins giving high scores and belonging to the lipocalin
several sequences simultaneously and combines similarity detec-family is compared with the compositions of horse proteins 9 and10.
tion with secondary structure analysis. The results are shown inThese are the rat odorant-binding protein (OBP rat [26]) and the mouse

major urinary protein 5 (MUP5 mouse [32]). The amounts of aminoFig. 5B. HCA plots made from sequences of protein14 and the
acids in horse proteins correspond to the average values found for pro-proteins from the lipocalin family mentioned above revealed the
teins 9 and10; nd5 not determined. presence of a common hydrophobic cluster at the N-terminal.

HCA scores of proteins similar to protein14 vary from 66% to
Amino acid Residues found Amount in 86%. This indicates a high percentage of topographically con-

(nearest integer) served hydrophobic residues in the sequences of these proteinshorse OBP MUP5
by comparison to the total number of hydrophobic residues infor horse proteins proteins rat mouse
the compared N-terminal segments.

Attempts to sequence the N-terminal of the glycosylated al-9 10
lergens of 30 kDa were unsuccessful both before and after de-

% glycosylation with PNGase F. The N-terminal of these proteins
might be blocked, making their direct sequencing impossible.

Asx 31 29 16.7 14.5 12.2 However, amino acid compositions of the glycosylated allergens
Thr 6 6 3.1 5.2 5.0 9 and10 could be determined as illustrated in Table 4. The com-
Ser 14 15 6.4 4.0 5.0 position of these proteins were almost identical, suggesting thatThr 1 Ser 20 21 9.5 9.2 10.0

they might correspond to isoforms of the same protein. WhenGlx 32 31 19.1 14.0 15.0
these compositions were compared to amino acid compositionsPro 4 4 1.8 1.7 0.6
of the mammalian proteins exhibiting acidic pI values in theGly 18 19 5.8 5.8 3.3

Ala 11 12 4.2 4.7 5.0 Swiss-Prot database (AACompIdent tool, ExPASy Molecular
Cys 1 1 0.2 3.5 2.8 Biology server), high scores were obtained with mouse urinary
Val 17 17 8.0 8.7 5.6 proteins (see for example MUP5, MUP1, MUP2 [32] and MUP6
Met 0 0 0 1.2 2.2 [28]) and rat [26] and bovine [33] odorant-binding proteins, all
Ile 12 12 6.6 4.7 7.2 belonging to the lipocalin family. Table 4 compares the composi-
Leu 12 12 6.7 8.7 11.7 tions of proteins 9 and10 with the mouse major urinary proteinIle 1 Leu 24 24 13.3 13.4 18.9

5 [32] and the rat odorant-binding protein [26]. It shows simi-Tyr 5 5 3.6 3.5 2.8
larities between these proteins but also major differences, espe-Phe 9 9 5.9 3.5 6.1
cially in the content of Cys, Met and His. The horse danderTyr 1 Phe 14 14 9.5 7.0 8.9

His 1 1 0.6 4.7 3.3 allergens also exhibit slightly higher content in Asx and Glx,
Lys 10 10 6.1 6.4 7.8 compared to the mouse and rat proteins. The bovine dander ma-
Arg 7 8 5.3 4.7 3.9 jor allergen [20, 21], another member of the lipocalin family,
Lys 1 Arg 17 18 11.4 11.1 11.7 was also amongst the proteins giving the highest scores. Al-
Trp nd nd nd 0.6 0.6 though results from such comparisons must be interpreted with

care, our data suggest that the glycosylated horse dander majorTotal residues 190 191
allergens, like the non-glycosylated ones, belong to the lipocalin
family. Results from amino acid analyses of the glycosylated
allergens give a total number of residues of less than 200 (Ta-
ble 4), which correspond to a molecular mass of about 212
23 kDa. This molecular mass is comparable to the apparent mo-red to polyvinylidene difluoride membranes, and ten spots

stained with Coomassie brilliant blue corresponding to the same lecular mass of the corresponding deglycosylated proteins ob-
served after two-dimensional PAGE analysis (Fig. 4).protein were pooled and used for N-terminal sequencing to iden-

tify the horse dander major allergens. Respectively 27 and18
amino acids of proteins14 and 15 were positively identified
(Fig. 5A). N-terminal sequences of these two allergens showedDISCUSSION
complete identity. This result strongly suggests that components
14 and 15 are two isoelectric variants of the same protein. Up to now several papers have described antigenic and aller-

genic composition of partially purified extracts from horse dan-Analysis of the longest N-terminal amino acid sequence (protein
14) showed in the first 29 amino acids a 44% identity and a der [228]. However, these reports do not contain any sequence

data, making impossible the clear identification of the horse dan-58% similarity to the Bos d 2 bovine major allergen [20, 21].
Searches in protein and DNA databases using BLASTP and der allergens. In1993, Dandeu et al. [9] reported that they had

achieved a 99% purification of what was referred to as the horseTBLASTN programs [17] revealed a 31247% identity and 602
71% similarity between protein14 and a number of proteins dander major allergen using a straightforward procedure involv-

ing hydrophobic-interaction chromatography. The data presentedfrom cow (β-lactoglobulin [22], odorant-binding protein [23]),
hamster (aphrodisin [24], aphrodisin precursor [25]), rat (odor- in our paper show that the situation is actually complex and that

horse dander extracts contain a mixture of several major aller-ant-binding protein [26], probasin [27]), mouse (major urinary
protein 6 precursor [28]) and pig (β-lactoglobulin A [29]), all gens rather than a single one. Since1993, there have been no

more reports on the purification to homogeneity and characteri-belonging to the lipocalin family (Fig. 5A). One of the consen-
sus sequences of this family (boxed in Fig. 5A) begins at amino sation of other horse dander allergens. For the first time, we have

been able to separate by two-dimensional PAGE the differentacid residue 7 of the horse dander major allergens and includes



209Bulone et al. (Eur. J. Biochem. 253)

components of horse dander extracts. Up to 50 proteins exhibit- Equ c 2.0102). Searches in protein and DNA databases revealed
a significant sequence identity (up to 47%) and similarity (up toing acidic pI in the range 2.525.0 could be detected by silver

staining. Amongst these proteins,16 are allergens and belong to 71%) of Equ c 2.0101 and Equ c 2.0102 to a group of mamma-
lian proteins belonging to the lipocalin family. They did notone of the two families we have identified in this work. Of the

patient sera tested, 50% had IgE recognising allergens of the show any similarity between Equ c 2.0101/Equ c 2.0102 and the
allergen Equ c1, another member of the lipocalin family that isfirst family, i.e. allergens that were not found to be glycosylated.

The second family is composed of glycosylated allergens that found in horse hair and dander. Equ c1 is an N-glycosylated
allergen that exhibits an apparent molecular mass of aboutwere recognised by 35% of the patient sera tested. None of the

patient sera that bound antigens from the first family recognised 25 kDa after SDS/PAGE under reducing conditions [9,10]. It is
likely that it corresponds to one of the 27-kDa glycoproteins thatantigens from the second family, and reciprocally. On this basis,

IgE of patient sera can also be divided in two groups. we have grouped in the second family of horse dander allergens.
Equ c 2.0101 and Equ c 2.0102 N-terminal sequences are char-When vicinal hydroxyl groups of the carbohydrate moieties

of the glycosylated allergens were oxidized and destroyed by acterised by the presence of a motif (Gly-Xaa-Trp) that is highly
conserved at the N-terminal of the lipocalin proteins [30]. Inter-periodate oxidation, their immunoreactivity were strongly re-

duced on western blots (not shown). A comparable result was estingly, one of the similar proteins, the bovine dander major
allergen (Bos d 2 [20, 21]), has a similar origin as Equ c 2.0101obtained when the glycan chains of the allergens were removed

by treatment with PNGase F (not shown). Taken together, these and Equ c 2.0102. It is important to note that the other proteins
showing similarity with Equ c 2.0101 and Equ c 2.0102 are lowdata indicate that the carbohydrate moiety of allergens belonging

to the second family is likely to interact at least partially with molecular mass (18219 kDa) mammalian proteins found in na-
sal mucosa or epithelial cells and their secretions (Fig. 5). LikeIgE from patient sera. Reduced immunoreactivity after periodate

treatment has been previously found for other allergens such as the other members of the lipocalin family, they are extracellular
proteins responsible for the binding and transport of small hy-timothy pollen [34], yeast [35] and fungal allergens [36, 37].

However, other reports on the cat major allergen [38, 39] have drophobic molecules [11]. Lipocalins can also bind to specific
cellular receptors and, in a quite general way, a common roleshown that the protein moiety rather than the N-glycan chain of

the allergen is involved in the binding of IgE. To our knowledge, for these molecules in the mediation of cell regulation has been
proposed [11]. Equ c 2.0101 and Equ c 2.0102 have in commondata from our laboratory (this work and [8]) provide the first

indication that the glycosidic part of animal allergens might also with most members of the lipocalin protein family a number of
properties such as their molecular mass, their total number ofparticipate in the interaction with IgE from allergic patients.

It is important to determine the structures recognised by IgE residues and their acidic pI [11]. HCA [19, 31] was used to
further compare the N-terminal sequences of Equ c 2.0101 andto understand what differentiates an allergen from a classical

antigen. We have started to analyse the carbohydrate moiety of Equ c 2.0102 with the sequences from several lipocalins. HCA
plots revealed the presence of a common N-terminal hydropho-several horse dander allergens since it seems to play a role in

the binding of IgE. These analyses show that allergens from the bic cluster and a high percentage of topographically conserved
hydrophobic residues in the segments examined. The similaritysecond family are all N-glycosylated and that the size of the

glycan chains varies over 326 kDa. Some of these allergens found between Equ c 2.0101/Equ c 2.0102 and proteins from the
lipocalin family after HCA confirms at the two-dimensionalhave heterogeneous pI values, which might be due to different

degree of sialylation of their glycan chains. Sialic acid is at least level the significant scores obtained with the classical Blast
alignment method [17]. Although the sequences compared arepartially responsible for the apparent acidic pI of some allergens.

When these were treated with PNGase F, their pI values were relatively short, these data suggest a common secondary struc-
ture for the N-terminal of the proteins analysed.clearly shifted to a less acidic pH range. Amongst the N-glycans

analysed, those from allergens 6 and 7 are likely to be of the In summary, the results presented in this paper strongly sug-
gest that the allergens Equ c 2.0101 and Equ c 2.0102 are newhigh-mannose type, as judged by their mannose content. The

other allergens contain a lower proportion of mannose and a members of the lipocalin family. However, the biological func-
tion of Equ c 2.0101 and Equ c 2.0102, especially their role inmuch higher amount (50%) ofN-acetylglucosamine. Their car-

bohydrate parts are most likely complex or hybrid-type N-linked the transport of small hydrophobic molecules, has still to be
demonstrated. It is noteworthy that several other members of theoligosaccharides. Experiments conducted with lectins provided

information on the kind of linkages involved in the glycan lipocalin family have been included in the official list of aller-
gens published by the IUIS Allergen Nomenclature Subcommit-chains: terminal sialic acid linkedA-(2→6) and possiblyA-

(2→3) to galactose, and galactose linkedβ-(1→4) to N-acetyl- tee (Hørshom, Denmark). This is the case, for example, for the
recently described horse (Equ c1 [9, 10]) and bovine (Bos d 2glucosamine. The results presented in this paper provide impor-

tant information on the structure of the glycan chains. However, [20, 21]) dander major allergens, for the bovineA-lactalbumin
(Bos d 4) andβ-lactoglobulin (Bos d 5 [40]), and the mouse ma-the complete structural characterisation of the carbohydrate moi-

eties of each major allergen will need more powerful techniques, jor urinary protein (Mus m1 [41]).
We were unable to sequence the N-glycosylated major aller-such as mass spectrometry. This is underway and we expect to

have resolved the structure of the glycan chains of most glyco- gens belonging to the second family. Their N-terminal is proba-
bly blocked, making impossible their direct sequencing. Aminosylated allergens in the near future.

We sequenced non-glycosylated major allergens from the acid compositions of some of these proteins could be determined
and when they were compared to the compositions of knownfirst family, i.e. proteins14 and15. These proteins do not corre-

spond to Equ c1 [10], since they exhibit different sequences. acidic mammalian proteins in the Swiss-Prot database, high
scores were obtained with proteins belonging to the lipocalinTherefore, we propose to call them Equ c 2.0101 and

Equ c 2.0102 respectively, according to the International No- family. The glycosylated lipocalin Equ c1 might correspond to
one of the glycosylated allergens we have studied, although itmenclature System [12]. Equ c 2.0101 and Equ c 2.0102 are

most likely two variants of the same protein since their N-termi- was not amongst the proteins exhibiting high scores. The bio-
chemical properties of the glycosylated allergens from the sec-nal sequence is identical. They show the same apparent molecu-

lar mass after two-dimensional PAGE (18.5 kDa) and they have ond family (apparent molecular mass, size of the glycan chains,
number of residues) are similar to those of known glycosylatedslightly different acidic pI (3.4 for Equ c 2.0101 and 3.5 for
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