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DESCRIPTION

Field of the Iinvention

[0001] The present invention relates to the field of allergy. More specifically, the invention relates to
the identification of novel allergens from mammals and to diagnosis and treatment of allergy
towards mammals.

Background

[0002] Approximately 20% of the populations of the industrialized world become hypersensitive
(allergic) upon exposure to antigens from a variety of environmental sources. Those antigens that
Induce immediate and/or delayed types of hypersensitivity are known as allergens (Breiteneder,
Hoffmann-Sommergruber et al. 1997). These include products of grasses, trees, weeds, animal
dander, insects, food, drugs and chemicals. The antibodies involved In atopic allergy belong
primarily to the immunoglobulin E isotype (IgE). IgE binds to basophils mast cells and dendritic cells
via a specific high affinity receptor FceRIl. Upon exposure to an allergen, allergen-specific IgE
antibodies on the cell surface become cross linked leading to the release of inflammatory mediators
such as histamine and leukotrienes resulting in physiological manifestations of allergy (Akdis 2006).

[0003] Diagnostic tests for allergy involve the detection of IgE antibodies from patients with a
specificity to proteins from an allergen source. However, a positive IgE test, 1.e. IgE sensitisation, do
not always lead to clinical manifestations of allergy and this discrepancy is one of the main reasons
for trying to develop new and better diagnostic procedures. In typical tests, an agqueous extract from
the allergen source, containing a mixture of proteins, is used In these tests. For most allergen
sources, the allergenic proteins present in crude extract have only partly been identified and
characterised. Diagnostic test procedures for detection of specific IgE antibodies Iin patients can
either utilize an in vitro iImmunoassay using serum from the patient, or be a skin prick test (SPT),
performed by topical application of the specific extract on the skin of the patient (\Wainstein, Yee et
al. 2007). In clinical practice, a doctor's diagnosis of allergy is usually based on both a positive test
of IgE sensitisation for the relevant allergen source and a convincing clinical history of allergic
reactions to this allergen. In recent years, many important allergenic proteins in the allergenic
extracts have been identified and characterized. This has enabled the quantitation of specific IgE
antibodies to each of these individual allergenic components, often referred to as component
resolved diagnostics (CRD) (Hiller, Laffer et al. 2002) (Valenta, Lidholm et al. 1999) or molecular-
based allergy (MA) diagnostics (Canonica, Ansotegui et al. 2013).

It IS now widely recognised that Molecular-based allergy (MA) diagnostics has several distinct
advantages as compared to conventional IgE analysis using allergen extracts (Canonica, Ansotegui
et al. 2013). Analysis of all relevant allergen components from an allergen source has been shown
to significantly increase the clinical utility of IgE testing as exemplified by wheat, peanut and
hazelnut. (Nicolaou, Poorafshar et al. 2010; Codreanu, Collignon et al. 2011; Ebisawa, Moverare et
al. 2012) (Masthoff, Mattsson et al. 2013). A necessary requirement if MA can be applied is that the
majority of the individual allergen components from an allergen source has been identified and
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characterised.

One of the most important implications of MA diagnostics is to distinguish a genuine IgE
sensitisation from sensitisation due to cross reactivity which may help the clinician to determine
whether a single, a few closely related or several widely different allergen sources are responsible
for the allergic symptoms. This can lead to an improved diagnosis of hypersensitivity of pollen
(Stumvoll, Westritschnig et al. 2003), venoms (Muller, Schmid-Grendelmeier et al. 2012) and food
allergy (Matsuo, Dahlstrom et al. 2008; Ebisawa, Shibata et al. 2012) In particular for peanut and
hazelnut allergy, the use of allergen component IgE tests are better at predicting a clinical outcome
of allergy than the use of a classical extract IgE test (Nicolaou, Poorafshar et al. 2010; Codreanu,
Collignon et al. 2011; Masthoff, Mattsson et al. 2013). One reason for this is that some components
may be low abundant and therefore only demonstrate IgE reactivity due to cross reactivity with
homologous components from other species. Individuals having only IgE reactivity to such cross
reactive components may therefore be less likely to have clinical symptoms to this allergen
(Asarnoj, Moverare et al. 2010; Asarnoj, Nilsson et al. 2012). Despite their low clinical association, it
IS very important to identify all those low abundant cross reactive components in an allergen extract
because In the clinical work up of a patient it is important that the sum of IgE reactivities to all
components add up to that of the whole extract in order to rule out IgE reactivity to other minor or
unknown components In the extract. The outcome of MA diagnostics can thus lead to improved
selection of optimal immunotherapy treatment and better risk assessment of different food allergies.

[0004] Another use of allergen components is to use these to enhance the diagnostic sensitivity of
an extract by spiking the extract with a component. This may be particularly important iIn
miniaturized or non-laboratory immunoassay, such as an allergen microarray or a doctor's office
test where the combination of less favourable assay conditions, lower capacity for antibody-binding
allergen reagent and natural allergen extract of limited potency, may cause insufficient diagnostic
sensitivity.

In conclusion, it Is thus of great importance to identify and characterise all important allergenic
proteins in each allergen source.

[0005] The treatment of allergy is most often reducing symptoms of allergy by e. g. anti-histamines
but more long-term and curative treatment of allergy can be performed with specific
Immunotherapy. Application of the disease causing allergenic extract, most commonly either
subcutaneously or sublingually, that causes a specific activation of a protective immune response to
the allergenic proteins. Although the exact mechanisms are not fully known, such a specific
activation of the iImmune system alleviates the symptoms of allergy upon subsequent environmental
exposure of the same allergen (Akdis and Akdis 2007). A further development of regular
Immunotherapy has been to use one or several purified allergenic proteins instead of a crude
natural extract. Such immunotherapy has been successfully performed for grass pollen allergic
patients (Jutel, Jaeger et al. 2005) (Cromwell, Fiebig et al. 2006) (Saarne, Kaiser et al. 2005) and it
has also been suggested for treating allergy against animal dander (Valenta, Lidholm et al. 1999;
Gronlund, Saarne et al. 2009).

[0006] In recent years there has been Iincreasing attention on allergen-specific IgG antibodies.
These may modulate the effect of IgE antibodies, either directly by acting as blocking antibodies on
the allergen or indirectly by acting via Fc receptors (Akdis and Akdis 2007; Uermosi, Beerli et al.
2010; Uermosi, Zabel et al. 2014).
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Thus, by assessing both the specific IgE and the specific IgG response to an allergen may be more
clinically relevant than measuring the IgE response alone (Custovic, Soderstrom et al. 2011,
Caubet, Bencharitiwong et al. 2012; Du Toit, Roberts et al. 2015). It iIs well known that
Immunotherapy induces a specific IgG response which mainly consists of the IgG4 subclass. Since
this antibody response is part of the mechanism for successful iImmunotherapy

[0007] (Uermosi, Beerli et al. 2010; Uermosi, Zabel et al. 2014), the analysis-of allergen specific
IgG antibodies may be a way to monitor the efficacy of the treatment.

In conclusion, the measurement of allergen-specific IgG levels may reflect natural or induced
tolerance to the allergen through environmental exposure or immunotherapy treatment and may in
combination with IgE levels increase the clinical relevance of a diagnostic test.

[0008] Horse dander is an increasingly common cause of respiratory allergy (Liccardi, D'Amato et
al. 2011), with symptoms including rhinitis, conjunctivitis, bronchial inflammation and asthma.
Occupational exposure to horse allergens is a significant risk factor for allergic sensitisation
(Tutluoglu, Atis et al. 2002) but considerable concentrations of allergens can be detected also In
other places such as schools (Kim, Elfman et al. 2005). IgE sensitisation to horse dander was in
one study shown to be associated with a high risk of developing asthma (Ronmark, Perzanowski et
al. 2003).

[0009] Extracts of horse hair and dander contain a complexity of allergenic proteins and four horse
allergens have so far been identified: Equ ¢ 1, Equ ¢ 2, Equ ¢ 3 and Equ c 4. The first two are both
members of the lipocalin protein family and have been purified from their natural source (Dandeu,
Rabillon et al. 1993; Goubran Botros, Rabillon et al. 1998) while only Equ ¢ 1 has been expressed
as a recombinant protein (Gregoire, Rosinski-Chupin et al. 1996). The amino acid sequence of Equ
c1i1s 67% similar to that of the cat allergen Feld 4 (Smith, Butler et al. 2004). Equ ¢ 3, horse serum
albumin, i1s a relatively conserved protein showing extensive cross-reactivity to other mammalian
albumins (Goubran Botros, Gregoire et al. 1996). Equ ¢ 4, was first purified (Goubran Botros,
Rabillon et al. 1998; Goubran Botros, Poncet et al. 2001) and only later identified as horse sweat
latherin (McDonald, Fleming et al. 2009). Recently, a novel horse allergen from the C-D subfamily
of the secretoglobin protein family has been characterised (Equ ¢ 15k, WO2011/133105).

Equ c 1 is claimed to be the most important one of the known horse allergens (Dandeu, Rabillon et
al. 1993) and IgE antibody recognition of the recombinant protein was present in /6% of a
population of horse allergic subjects studied (Saarelainen, Rytkonen-Nissinen et al. 2008). In
another study using purified native allergens, only 33% of horse allergic patients were sensitized to
Equ ¢ 2 and 23% to Equ ¢ 4 (Goubran Botros, Rabillon et al. 1998). The frequency of IgE binding to
horse serum albumin has been addressed in several studies demonstrating reactivity in up to 40%
of horse allergic subjects (Spitzauer et al. 1993; Cabanas et al. 2000). However, as sensitization to
serum albumins is often accompanied by higher concentrations of IgE antibodies to other allergen
components, its specific clinical relevance is uncertain (Spitzauer, Schweiger et al. 1993; Cabanas,
Lopez-Serrano et al. 2000). A recent study confirmed the relative prevalence of these horse

allergen components and demonstrated a prevalence of 48% of the horse allergic patients having
IgE reactivity to Equ ¢ 15k. (WO2011/133105).

Summary of the invention
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[0010] By using sera that were not reactive to any of the known horse allergen components, a
novel horse allergen was purified and identified as a secretoglobin. The sequence was partly
identified using N-terminal sequencing and MALDI ToF MS. The complete amino acid sequence
was verified by 3'RACE and a recombinant single chain protein was produced in E. Coli, having
similar IgE reactivity as the natural purified protein. The use of the allergen in diagnosis and therapy
IS also disclosed as well as a diagnostic kit and a pharmaceutical composition containing the
allergen.

[0011] In a first aspect, the invention relates to an isolated heterodimeric protein having a first
peptide chain and a second peptide chain together having an overall sequence identity of at least

70 %, such as 75%, 80%, 85%, 90%, 95%, or 98%, with the combined sequences of SEQ ID NO: 3
and SEQ ID NO: 4.

[0012] In a further aspect, the invention relates to a single chain protein having an overall
sequence identity of at least /0%, such as 75%, 80%, 85%, 90%, 95%, or 98%, with the combined
amino acid sequences according to SEQ ID NO: 3 and SEQ ID NO: 4.

[0013] In a further aspect, the invention relates to a fragment of a protein according to any one of
the above aspects comprising at least one IgE antibody epitope of a heterodimeric protein having a
first peptide chain having the sequence according to SEQ ID NO: 3 and a second peptide chain
having the sequence according to SEQ ID NO: 4.

[0014] In a further aspect, the invention relates to a protein or protein fragment according to the
above aspects, which has been immobilized to a solid or soluble support. Supports suitable for the
Immobilization of proteins and peptides are well known in the art, and the present invention
encompasses in this aspect any support which does not negatively impact the immunogenic
properties of the protein or protein fragment to any substantial extent. In this context, it Is
understood that the term "Immobilized” may be any kind of attachment suitable for a specific
support. In one embodiment, the protein or protein fragment according to the invention has been
Immobilized to a solid support suitable for use in a diagnostic method, such as ImmunoCAP, ElIA or
VarelisA. In an alternative embodiment, the protein or protein fragment according to the invention
has been immobilized to a natural or synthetic polymeric structure in solution, such as one or more
dendromeric structures in solution.

[0015] In a further aspect, the invention relates to a protein or protein fragment according to the
above aspects, which has been provided with a label or a labelling element. Thus, In one
embodiment, the invention iIs a protein or protein fragment according to the invention which has
been provided with a luminescent label, such as a photoluminiscent such as a fluorescent or
phosphorescent label, a chemiluminescent label or a radioluminescent label. In an alternative
embodiment, the protein or protein fragment according to the invention has been derivatized with
an element which may be identified, such as an affinity function. Affinity functions for the labelling of
proteins and peptides are well known In the art, and the skilled person will be able to choose any
suitable function, such as biotin.

[0016] In a further aspect, the invention relates to a nucleic acid molecule coding for a protein or
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protein fragment according to the above aspects, as well as a vector comprising the nucleic acid
molecule, a host cell comprising the vector, and a method for recombinant production of a protein
or protein fragment according to the above aspects, comprising cultivating the host cell under
conditions suitable for expression of the protein.

[0017] In a further aspect, the invention relates to a method for in vifro assessment of type 1 allergy
comprising the steps of

e« contacting an immunoglobulin-containing body fluid sample from a patient suspected of
having Type 1 allergy with a protein, peptide chain or protein fragment according to the
above aspects; and

e detecting the presence, in the sample, of antibodies, such as IgE antibodies specifically
binding to said protein, peptide chain or protein fragment;

wherein the presence of antibodies such as IgkE antibodies is informative of a Type 1 allergy in said
patient.

[0018] In one embodiment, the method according to the invention comprises detecting the
presence, of IgkE and/or IgG antibodies specifically binding to said protein, peptide chain or protein
fragment. In other embodiment(s), the present invention uses other or additional isotypes of
antibodies such as IgA; IgD; and/or IgM. In this embodiment, the presence of specific IgE
antibodies iIs indicative of a Type 1 allergy to horse In said patient and the level of specific IgG
antibodies is informative in regard to natural or induced tolerance to horse through environmental
exposure or immunotherapy treatment.

[0019] In one embodiment, this method according to this aspect further comprises the steps of

e contacting the immunoglobulin-containing body fluid sample from the patient suspected of
having Type 1 allergy with at least one further purified allergen component from horse; and

o detecting the presence, in the sample, of IgE antibodies specifically binding to said purified
allergen component from horse;

wherein the combination of presence of IgE antibodies specifically binding to said protein, peptide
chain or protein fragment, and absence of IgE antibodies specifically binding to said allergen

component from horse, is indicative of a Type 1 allergy to cat in said patient.

[0020] In this embodiment, the further purified allergen component from horse is preferably

selected from the group consisting of native and recombinant Equ ¢ 1, Equ ¢ 2, Equ ¢ 3, Equ ¢ 4/5,
and Equ ¢ 15k.

[0021] In a further aspect, the present invention relates to an assay using labelled and/or
Immobilized proteins and/or protein fragments as described Iin the present application. In one
embodiment, the invention Is an assay comprising the steps of (i) capturing of an antibody isotype
of Iinterest on a solid or soluble support as discussed above; (i) adding a protein or protein
fragment according to the invention; and (iii) direct or indirect detection of the binding of protein or
protein fragment to the antibody. In one embodiment, the protein or protein fragment has been
labelled with a fluorophore, In which case the detection is a direct detection. In another
embodiment, the protein or protein fragment has been derivatized as discussed above, e.g. by an
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enzyme-conjugated element such as avidin or streptavidin.

[0022] Thus, the present invention Is useful in a number of different types of IgE and IgG assays,
such as In a reverse assay where for example IgE antibodies obtained from an IgE sensitised
subject are captured on a support and detected by binding to a labelled allergen, as discussed
above.

[0023] In a further aspect, the invention relates to a kit for performing the methods according to the
above aspects, said kit comprising a protein, peptide chain, or protein fragment according to the
Invention immobilised on a solid support.

[0024] In one embodiment of this aspect the solid support is selected from the group of
nitrocellulose, glass, silicon, and plastic and/or is a microarray chip.

[0025] In one embodiment of this aspect the kit further comprises a detecting agent capable of
binding to antibodies, such as IgE antibodies and/or IgG antibodies bound to the immobilised
protein, peptide chain, or protein fragment. Such detecting agents may e.g. be anti-IgE antibodies
labelled with detectable labels, such as dyes, fluorophores or enzymes, as is known in the art of
ImMmunoassays.

[0026] Aspects of the Iinvention further include proteins or protein fragments according to the
aspects above for use in methods for therapy or diagnosis practised on the human or animal body,
such as therapy or diagnosis of Type 1 allergy practised on the human or animal body, and
methods for treatment of Type 1 allergy, comprising administering, to an individual susceptible to
such treatment, a protein, peptide chain, or protein fragment according to the above aspects.

Definitions

[0027] The terms "protein” and "peptide” should be construed to have their usual meaning in the
art. The terms are used interchangeably herein, if not otherwise stated.

[0028] The "length” of a protein is the number of amino acid residues in the protein.

[0029] A "fragment” of a protein should be construed as meaning a protein fragment consisting of
at least 10 amino acids, or having a length of at least 10% of the length of original protein.
Fragments include protein fragments with a length of at least 20%, 30%, 40%, 50%, 60%, 70%,
80%, and 90% of the full length of the original protein.

[0030] A "variant” of a protein relates to a variant of an original protein having a sequence identity
to said original protein of at least 70 %, preferably over 75 %, 80 %, 85%, 90 %, 95%, or 98 %,
calculated over the entire length of the variant protein. A number of software tools for aligning an
original and a variant protein and calculating sequence identity are commercially available, such as
Clustal Omega provided by the European Bioinformatics Institute (Cambridge, United Kingdom).
Protein variants may have a length of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,
98%, 100%, 105%, or 110% of the original protein. Protein variants may thus comprise additional
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amino acids as a result of their production, such as a hexahistidine tag, linker sequences, or vector
derived amino acids. In order to be a "variant” of an original allergenic protein, the variant protein
should preferably also comprise at least one IgE antibody epitope of the original allergenic protein,
l.e. bind IgE antibodies from a serum sample from a representative patient sensitized to the original
allergenic protein. WWhether a variant of an original allergenic protein comprises an IgE antibody
epitope of the original allergenic protein can be assayed by using the inhibition assay described In
Example 10. Variants comprising an IgE binding epitope of the original IgE binding epitope are
those molecules that causes a "significant inhibition” of the binding to the original protein which
should be construed as those molecules that can inhibit the binding by at least 10%, 20%, 30% 40%
or 50% compared to inhibition by buffer alone (IgE diluent, Thermo Fisher Scientific). Preferably,
the variant binds IgE antibodies at substantially the same level as the original allergenic protein.
Binding levels can be measured by immobilising the variant or fragment on a solid phase and
measuring the IgE reactivity of individual sera as is described in Example 8. For the purposes of
this definition, "substantially the same level" should be construed as meaning that the binding level

of the variant differs from the binding level of the original protein by at most 25%, 20%, 15%, 10%,
or 5%.

[0031] A "heterodimeric protein” relates to a protein that in its native form comprise two protein
chains with different amino acid sequences, bound together by covalent or non-covalent bonds.

The monomer units, I.e. the protein chains, may be encoded by one gene or separate genes in the
organism of origin.

[0032] "Sequence identity” relates to the extent to which two (nucleotide or amino acid) sequences
have the same residues at the same positions in an alignment, expressed as a percentage.
"Alignment” In this regard relates to the process or result of matching up the nucleotide or amino
acid residues of two or more biological sequences to achieve maximal levels of identity and, in the
case of amino acid sequences, conservation, for the purpose of assessing the degree of similarity
and the possibility of homology. In case of a heterodimeric protein, the amino acid sequences of the
respective chains, or the nucleic acid sequences encoding them, may be concatenated and used In
the alignment in order to determine an "overall" sequence identity. See also Fassler and Cooper,
"BLAST Glossary", in BLAST® Help, Bethesda (MD): National Center for Biotechnology Information
(US); 2008-.

The term "vector” relates to a DNA molecule used as a vehicle to artificially carry foreign genetic
material into another cell, where it can be replicated and/or expressed.

Brief description of drawings

[0033]

Figure 1 shows the fractionation of horse dander proteins by size exclusion chromatography (SEC)
where Aogg absorbance is indicated by solid line and conductivity Is indicated by a hatched line.

Arrows Indicate the position of the fractions that were tested for IgE reactivity. Vertical bars indicate
the pool containing the active fraction that was subjected to further purification.

Figure 2 shows the second purification step of the unknown horse dander component by
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hydrophobic interaction chromatography where Asgg absorbance is indicated by solid line and the

percentage of Tris pH 8.0 buffer in pump B (%B) is indicated by a hatched line. Arrows indicate the
position of the fractions that were tested for IgE reactivity. Vertical bars indicate the pool containing
the active fraction that was subjected to further purification.

Figure 3 shows the third purification step of the unknown horse dander component by anion
exchange chromatography where Asgg absorbance is indicated by solid line and conductivity Is

Indicated by a hatched line. Arrows indicate the position of the fractions that were tested for IgE
reactivity. Horizontal bars indicate the pools that were further tested of which one contained the
active fraction that was subjected to further purification.

Figure 4 shows the fourth purification step of the unknown horse dander component by reversed
phase chromatography where Aogg absorbance is indicated by solid line and the percentage of

0.05% TFA 90% acetonitril buffer in pump B (%B) Is indicated by a hatched line. Vertical bars

Indicate the pooling of the three peaks (labelled 1,2 and 3) that each was subjected to SDS PAGE
analysis and tested for IgE reactivity.

Figure 5 shows SDS-PAGE analysis of reduced and non-reduced samples of the three peaks from
the RPC purification step. Lane M contains molecular weight marker proteins with the molecular
weights indicated to the left.

Figure 6 shows the postulated nucleotide (a) and amino acid (b) sequence of the full length protein

Equ c s chain 1. In (¢) the amino acid alignment with the homologous molecule Feld 1 chain 1 from
cat is shown.

Figure 7 shows the postulated nucleotide (a) and amino acid (b) sequence of the full length protein
Equ ¢ s chain 2. In (¢) the amino acid alignment with the homologous molecule Fel d 1 chain 2 from
cat is shown.

Figure 8 shows the RPC purification step of an anion exchange chromatography pool, performed
using a steeper gradient in order to increase the concentration of protein in the fractions. Vertical
bars indicate the fractions D4 and D5 that were subjected to MS/MS in-solution digestion analysis.

Figure 9 shows the purification of recombinant Equ ¢ s by IMAC (a) where Aogg absorbance Is

iIndicated by solid line and conductivity Is indicated by a hatched line. The imidazol elution gradient
ranges from 800-1200 mL. Arrows indicate the peak that was pooled and subjected to anion
exchange chromatography (b). Arrrows indicate the peak 1 and 2 and vertical bars indicate the
limits of these pools.

Figure 10 shows analytical gel filtration analysis of recombinant Equ ¢ s ab where Asgg absorbance

IS Indicated by solid line and conductivity Is indicated by a hatched line. In (a) analysis of rEqu ¢ s

ab, peak 1 from AIEC, and in (b) rEqu ¢ s ab, peak 2 from AIEC, i1s shown. In (¢) SDS PAGE
analysis of recombinant Equ ¢ s ab of peak 1 and peak 2 from AIEC under both reducing and non-
reducing conditions is shown.

Figure 11 shows the correlation between the IgE reactivity of native and recombinant Equ ¢ s in 35
horse dander sensitised subjects. The 0.35 kUA/L and 0.1 kUA/L levels are indicated by dotted

lines.
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Figure 12 shows levels of IgE antibodies to horse dander extract (HDE), Equ ¢ 1, nEqu ¢ 2, nEqu c
3. nEqu c 4, rEqu ¢ 15k and rEqu ¢ s in a cohort of 25 horse dander allergic subjects. The number
of observations below 0.1 kUA/L is indicated in brackets for each component. Dotted line indicates

the 0.35 kUA/L level and solid line indicates the 0.1 kUA/L level. Horizontal bars indicate median

levels of IgE.

Figure 13 compares IgE antibody binding to rEqu ¢ s and rFel d 1 in a cohort of horse dander
sensitised subjects. The 0.35 kUa/L and 0.1 kUA/L levels are indicated by dotted lines.

Sequence listing

[0034] The following sequences are listed in the sequence listing.

SEQ ID NO: {Description

amino acld sequence of the 5 kDa chain of Equ ¢ s Including signal
peptide

predicted amino acid sequence of the 10 kDa chain of Equ ¢ s Including
signal peptide

.....................................................................................................................................................................................................

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

ab

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

amino acid sequence for the alternative recombinant protein requ ¢ s ba

nucleic acid sequence encoding the alternative recombinant protein requ
C S ba

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Codon optimized nucleic acid molecule encoding chain 2

Forward primer for chain 1, PCR 1
Forward primer for chain 2, PCR 1

.........................................................................................................................................................................................................................................

Forward primer for chain 2, PCR 2

Reverse primer for chain 1, PCR 2

Reverse primer for chain 2, PCR 2

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

17-33 Peptide fragments disclosed in Table 7

34-43 | Peptide fragments disclosed in Table 8
44 Double sequence given by N-terminal sequencing analysis by Edman
degradation of the RPC peak 2

The complete DNA sequence of the postulated sequence denoted Equ c
S ., chain 1

A .
A .
I
A .
A .
I
I
I
A .
A AL L L AT L LA L LLL LA L LLL L LT LL L L LT L L L LA AL L L L AL L L LT L L L LA AL L L LA T L LA T L LL LS LA LL LA L LL LA LT L L L LT L L L L LT LL L L L L L L LT LL LS LT LLL LA LLL LT L LLL LA L L LA L LLL L LT L LL LA L LL LT LT LLL L LT LL L LTS LL LA AL L L L LA TLL LA L LLL LT LL LS LT LLL LA AL L LS AL L L L LT LL L LT L L LSS L LS
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'SEQ ID NO: Description

B e e e i e S o o e e e e e e e e o el i i i e e e e o e e S S S e S 5 B i e i e e i e e e e e e e o e e e e e i i T e i e e e e e e o o o e e e e il i i i e e e e i o e i i S i i i i e e o e o e i i i S i e e e e Tl Sl e i e e i e i o e o e e e i i i o i e e i T o i e i i i e e e i e i i e e el Tl T i i o e e e e e e e i T e e o il T S B e i e e e i i e i e e e e e e el i S i o e i e e i il Sl S i S o e e e e o i The S i S S, S )
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Detailed description of the invention

(PTG
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[0035] In one aspect the present invention relates to an isolated horse allergen, herein denoted
Equ ¢ s, belonging to the secretoglobin family, showing an electrophoretic mobility (apparent
molecular weight) corresponding to approximately 18 kDa under non-reducing conditions, and
comprising a first peptide chain having a molecular weight in the order of 5 kDa and a second
peptide chain having a molecular weight in the order of 10 kDa, linked together by one or more
disulphide bonds. This aspect of the invention also comprises variants and fragments of Equ ¢ s
with certain sequence identity to native Equ ¢ s, as defined above, and preferably comprising at
least one IgE antibody epitope of native Equ ¢ s. Such variants and fragments preferably have IgE
reactivity to Equ ¢ s reactive sera and at least 10% of the IgE binding to the original rEqu ¢ s
molecule can be inhibited by such a variant or fragment, as determined by the assay described in
Example 10. Also in the other aspects of the invention described below, the term "Equ ¢ s" Is, for
simplicity, used to also include such variants and fragments thereof.

[0036] In another aspect, the invention relates to an isolated nucleic acid molecule encoding the
allergen according to the first-mentioned aspect, as well as to a vector containing the nucleic acid
molecule, and to a host cell containing the vector. Recombinant proteins or peptides produced by
such a vector-containing host cell may be glycosylated or not depending on the host cell used.

[0037] In a further aspect, the invention relates to an in vifro method for assessment of a Type |
allergy in a patient, wherein a body fluid sample, such as a blood or serum sample from the patient,
IS brought into contact with Equ ¢ s or a composition according to the previous aspect, whereby it
can be determined whether or not the patient sample contains IgE antibodies that bind specifically
to the Equ ¢ s. Such a method may be carried out in any manner known in the art. The Equ ¢ s may
e.g. be immobilized on a solid support, such as in a conventional laboratory immunoassay, in a
microarray or in a lateral flow assay, or used as a fluid-phase reagent.

[0038] In yet a further aspect, the invention relates to an in vitro method for assessment of a Type |
allergy in a patient, wherein a body fluid sample, such as a blood or serum sample from the patient,
IS brought into contact with Equ ¢ s, whereby it can be determined whether or not the patient
sample contains IgE antibodies that bind specifically to the Equ ¢ s but not to other horse allergen
components, such as Equ ¢ 1, Equ ¢ 2, Equ ¢ 3, Equ ¢ 4/5 or Equ ¢ 15k. A patient showing IgE
reactivity against Equ ¢ s, but not against other horse allergen components, is likely to be primarily
sensitised to cats and not to horses.

[0039] In the above mentioned aspects, the wildtype Equ ¢ s molecule may, as mentioned above,
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be replaced with fragments or variants of Equ ¢ s, natural or man-made, comprising IgE antibody
epitopes from the wildtype protein.

[0040] The Invention further relates to a method of treatment of Type | allergy comprising
administering to a patient in need of such treatment Equ ¢ s or a modified Equ ¢ s, as explained
below. This aspect of the invention also relates to the use of the Equ ¢ s in such immunotherapy,
iIncluding e.g. component-resolved immunotherapy (Valenta and Niederberger 2007). In one
embodiment of this aspect, the Equ ¢ s may be used in its natural form or in a recombinant form
displaying biochemical and immunological properties similar to those of the natural molecule. In
another embodiment, the Equ ¢ s may be used Iin a modified form, generated chemically or
genetically, in order to abrogate or attenuate its IgE antibody binding capacity, while preferably
being capable of eliciting an IgG response in a treated individual. Examples of modifications
Include, but are not limited to, fragmentation, truncation, tandemerization or aggregation of the
molecule, deletion of Internal segment(s), substitution of amino acid residue(s), domain
rearrangement, or disruption at least in part of the tertiary structure by disruption of disulfide
bridges or its binding to another macromolecular structure, or other low molecular weight
compounds. In yet another embodiment of this aspect, the individual 10 kDa and/or 5 kDa subunits
of Equ ¢ s are used as modified Equ c s.

[0041] In all of the above mentioned aspects of the invention, the Equ ¢ s protein may be purified
from its natural source, such as from urine, saliva or other body fluids, or from tissue, such as hair
or dander, from horse. It may also, as mentioned above, be produced by recombinant DNA
technology or chemically synthesized by methods known to a person skilled in the art or described
In the present application.

[0042] The allergenic horse protein described here, Equ ¢ s, belongs to the secretoglobin protein
family, specifically one subfamily which comprises tetrameric proteins formed by two heterodimeric
subunits. The heterodimer consists of two chains derived from different genes linked together by
disulfide bridges (Klug et al. 2000). The horse secretoglobin described here is a 18+2 kDa
heterodimer, herein referred to as Equ ¢ s, consisting of a 52 kDa and a 10 2 kDa subunit,
respectively, which for the purposes of this invention are referred to as the 5 and 10 kDa subunits,
respectively. The molecular weight assignments are according to their apparent molecular weight
as observed in SDS-PAGE, as described in Example 3 below. It is understood that the apparent
molecular weights will vary depending on the separation conditions, Iincluding electrophoretic
separation medium and concentration thereof, linear or gradient buffer used, etc. Also, the 10 kDa
subunit contains an N-glycosylation site, the occupation of which by a glycan structure may affect
the apparent molecular weight.

[0043] The amino acid sequence of the 5 kDa chain has the predicted amino acid sequence

DICPAVKEDY NIFLTGTPDD YVKKVSQYQOR NPVILANAEK LKNCIDKKLT AEDKENALSV 60
LEKIYSSDEC 70
(SEQ ID NO: 3) and a theoretical molecular weight of 7.9 kDa.

[0044] The amino acid sequence of the 10 kDa chain has the predicted amino acid sequence
CPSFYAVLCYV LSLGSKTLLD TSLNLVNATE PEKVAMGKIQ DCYNEAGVIT KISDLIIMGT 60
ITTSPECISH ALSTLTTDVQ EGISKLNPLG R g1

(SEQ ID NO: 4) and a theoretical molecular weight of 9.6 kDa.
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[0045] It is to be noted that structurally related proteins have been described in a wide range of
mammalian species but only two proteins have been defined as allergens, the major cat allergen
Feld 1 (Acc no P30438 and P30440) and Equ ¢ 15k (WO2011/133105).

[0046] Although the horse dander allergens Equ ¢ 1, Equ ¢ 2, Equ ¢ 3, Equ ¢ 4/5 and Equ ¢ 15k
cover most of the IgE reactivity to horse dander extract observed in horse allergic patients, we have
encountered several cases of cat allergic individuals demonstrating IgE reactivity to horse dander

extract without concomitant reactivity to any of the five known horse allergen components. This
Invention describes the identification and characterisation of the horse allergen responsible for this

unknown IgE reactivity to horse dander extract leading to the discovery of a protein homologue to

the cat allergen Fel d 1.
In a collection of sera from cat sensitised subjects a number of sera could be characterised having

reactivity to horse dander extract while no reactivity to any of the known horse dander allergens
could be detected. Using the sera described above, the IgE binding to horse dander extract could
be inhibited by recombinant Fel d 1, indicating that the IgE reactivity Is directed to a horse protein
that iIs iImmunologically similar to Fel d 1.

[0047] With the aid of these sera, a new major allergen could be purified from horse dander and
identified as a member of the secretoglobin protein family. The novel horse protein, herein referred
to as Equ c s, consists of one 5 kDa amino acid chain and one 10/11 kDa amino acid chain joined
together by disulfide bridges. Considering the fact that the two polypeptide chains are encoded by
separate genes, this study demonstrates the presence of a heterodimeric protein that has not
previously been anticipated by bioinformatic studies of the horse genome. It Is distinct from
previously known horse allergens. This allergen represents an important addition to the panel of
known horse allergens and will be useful in the diagnosis of horse allergy. Since this is an allergen
that Is cross reactive to the main cat allergen Fel d 1, IgE reactivity to this molecule may reflect
cross reactive sensitisation to horse dander that may or may not be associated to clinical
symptoms.

[0048] The examples below illustrate the present invention with the isolation and use of the

secretoglobin denoted Equ ¢ s from horse. The examples are only illustrative and should not be
considered as limiting the invention, which is defined by the scope of the appended claims.

EXAMPLE 1: ldentification of sera detecting an unknown allergen component In horse
dander extract that i1s similar to Fel d 1

[0049] Horse dander extract, cat dander extract and Fel d 1 regular ImmunoCAP tests were used.
Experimental ImmunoCAP tests using recombinant Equ ¢ 1 and Equ ¢ 15k as well as Equ ¢ 2 and
Equ ¢ 4 purified from horse dander and Equ c¢ 3 purifiled from horse serum were produced
essentially as described in Patent WO2011/1331095).

A collection of sera having high level of sensitisation to cat dander extract were tested for IgE
reactivity to cat and horse dander components. The five sera identified here were characterised by
high IgE reactivity to cat dander extract, Fel d 1 and horse dander extract without concomitant
reactivity to any of the five known horse allergen components (table 1). These sera thus detected
an unknown allergen component in horse dander extract.
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The selected sera were utilised In inhibition tests using both horse dander extract and cat dander
extract as solid phase (table 2). As inhibitors recombinant Equ ¢ 15k, Fel d 1 and Fel d 7
respectively were used at a final concentration of 100 yg/ml. As an inhibition control buffer, 0.1 M
sodium phosphate buffer, pH 7.4, containing 0.3% human serum albumin was used. Means of
duplicate determinations of each inhibition were calculated and the fraction of inhibition was
calculated as the fraction of the binding using inhibition control buffer that could be quenched with
each inhibitor. In these selected sera, binding to cat dander extract could be almost completely
Inhibited by Fel d 1 (table 2a). None of the other inhibitors tested showed any inhibition. This
demonstrates that the IgE binding to cat dander extract is dominated by reactivity to Fel d 1.
Likewise, the binding to horse dander extract solid phase (table 2b) could be fully inhibited by rFel d
1 but none of the other inhibitors. This demonstrated that the binding to horse dander extract by
these sera iIs directed to a horse dander component that is immunologically similar to the cat
allergen Fel d 1. Although Equ ¢ 15k belongs to the secretoglobin family this protein did not
demonstrate any inhibition of the binding to horse dander extract, indicating that the horse
component searched for is not Equ ¢ 15k. This can be explained by the fact that the two proteins
belong to different sectretoglobin subfamilies, Fel d 1 belongs to the B-E subfamily and Equ ¢ 15k
belongs to the C-D subfamily (Laukaitis and Karn 2005), WO2011/133105

EXAMPLE 2: Purification of a horse dander allergen component, homoloqous to the cat
allergen Fel d 1

[0060] By use of the sera described in example 1, an unknown allergen component, similar to Fel d
1, could be detected In horse dander extract and Dby fractioning horse dander extract by
chromatographic procedures and immobilising these fractions on an ImmunoCAP solid phase, the
unknown component could be followed during several chromatographic steps.

Size exclusion chromatoqraphy

[0061] Horse dander (Allergon, Valinge, Sweden) was extracted in 20 mM MOPS, pH 7.6, 0.15 M
NaCl (MBS = MOPS-buffered saline), clarified by centrifugation and filtered through a 0.45 uym

mixed cellulose ester filter (Millipore, Billerica, MA, USA). As a first purification step, the clarified
extract was applied to a Superdex™ 75 column (XK26/100, V= 505 mL, GE Healthcare Bio-

Sciences AB, Uppsala, Sweden) for size exclusion chromatography (SEC) and elution was
performed with MBS at a flow rate of 2 mL/min.

The chromatogram is shown In Figure 1 In which six fractions, Iindicated by arrows, were
Immobilised on solid phase as described previously (Marknell DeWitt, Niederberger et al. 2002).
The IgE binding using the sera described above to the immobilised fractions are shown in table 3
which indicates that the tested fractions 18, 22 and 26 contain the highest amounts of the unknown
allergen component. Fractions 16-27 (indicated with vertical bars in Figure 1) were pooled and
subjected to hydrophobic interaction chromatography.

Hydrophobic interaction chromatoqgraphy
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[0052] The pool from SEC was adjusted to 1 M NH;50,4 and applied to a Phenyl Sepharose ™ HP
column (HR10/10, V= 8.0 mL, GE Healthcare Life Sciences) equilibrated with 1 M NH;S0,4 In 20
mM tris pH 8.0. Elution was performed in a linear NHs;SO4 gradient from 1 M to 0 M NH4SO,4

(Indicated as 50%-100%B Iin the chromatogram in figure 2 between elution volumes 140 to 260
mL). In order to elute strongly bound proteins, the pump A was washed and the buffer was
changed to 30% isopropanol in 20mM Tris pH 8.0. An isopropanol gradient from 0-30% isopropanol
was then used to elute remaining protein on the column (indicated as a gradient from 100%-0%B
on the chromatogram between elution volumes 285 and 325 mlL). Seven peaks, indicated in the
chromatogram, were diluted 1:2 in coupling buffer (0.1M NaHCO3, pH8.0), immobilised on

ImMmunoCAP solid phase and tested for IgE reactivity using the previously described detector sera
(table 4). The highest IgE reactivity was obtained in the isopropanol wash gradient in fraction 60.
Fractions 58-66 were pooled and subjected to anion exchange chromatography.

Anion exchange chromatoqgraphy

[0063] The HIC pool was conditioned by adding half the volume of the pool of Tris pH 8.5 to the
HIC pool. The pool was subsequently applied to an anion exchange column Source™ 15Q
(PE4.6/100, Vi= 1.66 mL, GE Healthcare Life Sciences) equilibrated with 20 mM Tris, pH 8.5. Upon

elution in a linear 0-0.50 M NaCl gradient in the same buffer the protein was resolved into several
peaks (Figure 3) of which seven were immobilised after dilution 1:4 in coupling buffer. Since IgE
reactivity to the unknown component was detected in most of the fractions at this dilution (table 5a),
three pools, B4-B1, C1 -C4 and C1-C11, were pooled based on protein band pattern on SDS PAGE
and immobilised after dilution 1:20 in coupling buffer. IgE analysis of the more diluted pooled
fractions revealed that the highest activity (table 5b) was found in the first pool, B4-B1 which was
subjected to a final chromatographic RPC purification step.

Reversed-phase chromatoqraphy

[0064] The anion exchange pool was conditioned by adding TFA to a final concentration of 0.065%
and subjected to a final RPC purification step by applying the sample to a Source™ 15 RPC column
(Resource, Vi= 3.2 mL; GE Healthcare Life Sciences) equilibrated with 0.065% TFA in water. Elution

was performed in a linear 0-60% gradient of buffer B, consisting of 0.05% TFA in 90% acetonitrile. A
Three peaks were eluted near the end of the gradient (Figure 4) that were immobilised on solid
phase and tested. According to table 6 the two first peaks contained high levels of the unknown
component of which peak no 2 contained slightly more than the first peak.

EXAMPLE 3: Analysis of the purified fraction by SDS PAGE. N-terminal sequencing and
MALDI TOF MS

[0065] SDS PAGE analysis of the RPC fractions revealed a similar pattern for the first two RPC
peaks, one 5 kDa band and a double band at 10/11 kDa under reducing conditions that came



DK/EP 3171890 T3

together at a broad band at 18 kDa under non-reducing conditions. This band pattern is consistent
with proteins from the secretoglobin family that typically contain two bands at 5 and 10 kDa under
reducing conditions and one band at 15-20 kDa under non-reducing conditions. The largest of the
two bands band is glycosylated and therefore may appear diffuse or as in this case appear as a
double band.

N-terminal sequencing analysis by Edman degradation of the RPC peak 2, performed essentiallly
as described in (Mattsson, Lundgren et al. 2009), revealed a double sequence that became less
clear after seven residues:

Amino acid residue no:

‘Q 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Frotatemae o [P Js Jr [V |

A AL LA LA L L LA LL LA AL L LS

[0056] Since the relative amounts of the amino acids in each cycle were similar it was not possible
to establish a primary and a secondary sequence from these data. The double sequence Is also
shown in the sequence listing as in SEQ ID NO: 44.

In gel digestion with trypsin on spots from one dimensional SDS PAGE gel electrophoretic bands 5,
10 and 11 kDa followed by analysis by matrix assisted laser desorption ionization time of flight
mass-spectrometry (MALDI TOF MS) using a Bruker Daltonics Autoflex 2 instrument (Bruker
Daltonics, Bremen, Germany) followed by peptide mass fingerprint (PMF) analysis did not result in
significant matches with any known proteins in the NCBI-NR database except for the 5 kDa band
that matched a predicted sequence of an uncharacterised horse protein (XP 005596696).
However, although a part of the sequence of this record was homologous to secretoglobins, the
molecular weight was too high for this family of molecules and did not match the band that it was
picked out from. It was assumed that this predicted record was faulty.

EXAMPLE 4: Bioinformatic analysis of horse genomic sequences identifving amino acid
seguences homologqous to chain 1 and chain 2 of Fel d 1

Chain 1

[0067] The cat allergen protein Fel d 1, which was immunologically similar to the unknown horse
dander protein as demonstrated in example 1, consists of two amino acid chains, chain 1 and chain
2 (acc no: NP 001041618 and NP 001041619 respectively) joined together by disulfide bridges.

A TBLASTN search of a horse genome database (wsg) with the sequence of Fel d 1, chain 1
(NP _001041618) resulted in a match of aa 17-79 to the translation of nucleotide positions 7/633-
7453 (of the reverse strand) of Acc No. AAWRO02030062, a 105199 bp segment of the horse
genome seqguence.

A larger segment surrounding this sequence, 90000-70021 of Acc No. AAWR02030062 was fed
Into the gene finding program FGENESH+ together with the precursor sequence of Fel d 1 chain 1.
The program searches for homologous genes within a genomic sequence.

The result was a postulated sequence consisting of three exons Acc No. AAWR02030062:
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77850 -> 77790
{7632 -> 77445

76428 -> 76399

[0068] The complete DNA sequence of this postulated sequence, denoted Equ ¢ s, chain 1, Is
shown In Figure 6a (SEQ ID NO: 45) encoding 92 amino acid residues (SEQ ID NO: 1, Figure 6b),
of which the first 22 residues were predicted by SignalP to form a signal peptide. The mature
protein deduced from the cloned cDNA consisted of 70 amino acid residues, including three
cysteins, and had a predicted molecular mass of 7.9 kDa and an isoelectric point of 4.96. A protein
BLAST homology search using this predicted sequence reveals an amino acid sequence with
homology to secretoglobins. The predicted sequence has 6/% amino acid identity to Fel d 1 chain
1 (SEQ ID NO: 47) (Figure 60).

Chain 2

[0059] Similarly to above A TBLASTN search of a horse genome database (wsg) with the sequence
of Feld 1, chain 2 (NP _001041619) resulted in a match of aa 21-85 to the translation of nucleotide
positions 82588-82/7/82 (of the forward strand) of Acc No. AAVWR02030062, a 105199 bp segment
of the horse genome sequence.

A larger segment surrounding this sequence, 7/0021-94020 of Acc No. AAWRO02030062 was fed
Into the gene finding program FGENESH+ together with the precursor sequence of Fel d 1 chain 2.
The program searches for homologous genes within a genomic sequence.

The result was an Iincomplete postulated sequence consisting of two exons from Acc No.
AAWR02030062:

82004 -> 82064
82589 -> 82770

Based on homology with the sequence for Fel d 1 chain 2, the last exon is missing In this postulated
sequence. A protein BLAST search comparing exon 3 of Fel d 1 chain 2 with the translated
genomic sequence following nukleotide 82770 identified a genomic sequence having homology to
exon 3 of Feld 1 chain 2. This postulated exon 3 of Equ ¢ s could be joined In frame with the
previous exons and contained a stop codon at an homologous position to exon 3 of Fel d 1 chain 2.
The sequence of this final exon was found at: 90025-90127 of the genomic sequence Acc No.
AAWR02030062.

The complete DNA sequence of this postulated sequence, denoted Equ ¢ s, chain 2, is shown In
Figure 7a (SEQ ID NO: 46) encoding 114 amino acid residues (SEQ ID NO: 2, figure 7b), of which
the first 23 residues were predicted by SignalP to form a signal peptide. The mature protein protein
deduced from the cloned cDNA consisted of 91 amino acid residues, including three cysteins, and
had a predicted molecular mass of 9.6 kDa and an isoelectric point of 4.84. A protein BLAST
homology search using this predicted sequence reveals an amino acid sequence with homology to
secretoglobins. The predicted sequence has 47% amino acid identity to Fel d 1 chain 2 (SEQ ID
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NO: 48) (Figure 7c).

EXAMPLE 5: PCR amplification and sequencing of Eqgu ¢ s chain 1 and chain 2 mRNA from
horse skin

[0060] Total RNA was prepared from horse skin using the RNAqueous kit (Ambion, Austin, TX,
USA). Polyadenylated RNA was isolated from total RNA using the mRNA Purification kit and first
strand cDNA was prepared using the First-Strand cDNA Synthesis kit (both from Thermo Fisher
Scientific).3' RACE was performed according to Frohman (Frohman 1993), using a gene-specific
forward oligonucleotide primer from the untranslated sequence before the starting codon,

S'-ATAAAAGGGCTGCAGAATTG-3'(SEQ ID NO: 11, chain 1) and

5'-GCAGCAGAAACCCTGCCCTG-3' (SEQ ID NO: 12, chain 2).

A second PCR was performed using a second gene-specific forward oligonucleotide primer from
the untranslated sequence before the starting codon,

5'-GTGAGCACCTGCCACCTG-3' (SEQ ID NO: 13, chain 1) and
5'-GAAGAGCATTCTAGCAGTTG-3' (SEQ ID NO: 14, chain 2)

carrying a terminal Ndel restriction site for cloning and specific reverse oligonucleotide primers,,
5'-GAATCTTCTAATCAGACAC-3' (SEQ ID NO: 15, chain 1) and
5'-GGTAGAGGAGACAGGTGTC-3' (SEQ ID NO: 16, chain 2).

Four independent 3' RACE clones for chain 1 and three independent 3' RACE clones for chain 2
were i1solated and sequenced In their entirety whereby the coding sequence of the postulated
chains of Equ ¢ s could be verified. DNA sequencing was performed using an Applied Biosystems
3130 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). DNA and amino acid sequence
analyses and calculations were performed using programs of the GCG Wisconsin Package
(Accelrys, San Diego, CA, USA).

EXAMPLE 6: N-terminal sequencing and MALDI TOF analysis using the postulated
sequences of Equ ¢ s chain 1 and chain 2

[0061] Re-evaluation of the double amino acid sequence described in example 3 was performed
using the postulated sequences of Equ ¢ s. The double sequence can now be Interpreted as
DICPAV (residues 1-6 of SEQ ID NO: 3) and CPSFYAV (residues 1-7 of SEQ ID NO: 4) which are
identical to the postulated N-terminal sequences of the mature chain 1 and chain 2 of the Equ ¢ s
protein.

In gel digestion of the 5, 10 and 11 kDa bands of the reduced sample of peak 2 in figure 5 and the
18 kDa band of the non-reduced sample of the same peak was subjected to MALDI ToF peptide
mass fingerprint (PMF) analysis, essentially as described in (Mattsson, Lundgren et al. 2009). In
the 5 kDa band eight different peptides were detected having a mass that matched hypothetical
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trypsin cleaved peptides In the postulated Equ ¢ s chain 1 sequence (table 7a). these peptides
covered 89% of the postulated mature sequence including the N-terminal and C-terminal ends of
the amino acid chain.

In the 11 kDa band two different peptides were detected that matched the mass of hypothetical
trypsin cleaved peptides In the postulated Equ ¢ s chain 2 sequence (table 7b). These peptides
covered 32% of the postulated mature sequence including the N-terminal end of the amino acid
chain. The reason that only a small part of the chain 2 sequence could be identified is that it
contains an N-glycosylation and the fact that the trypsin cleavage sites are distributed so that either
too large or too small peptides are produced. In the 18 kDa band, peptides from both chain 1 and
chain 2 could be found.

In order to increase the signal strength of these peptides to enable MS/MS analysis, two fractions
from an RPC chromatography purification similar to that as described in example 2 but using a
steeper gradient (Figure 8) whereby the first two peaks do not become fully resolved were used.
The fractions from these first two peaks (fraction D5 and D4) were reduced, alkylated with
lodoacetamid and subjected to Iin solution digestion by trypsin. Using these samples, the whole
amino acid sequence covered by the PMF analysis ¢ from the 5 and 10 kDa band could be verified
by MS/MS analysis to have sequences identical to the postulated fragments (table 8). A further
analysis from this sample assumed semitrypsin cleavage sites (i.e. allowing that only one of the
ends of each peptide was cleaved by trypsin) identified a large peptide fragment near the C
terminal end of chain 2 (table 8).

[0062] The SDS-PAGE analysis (Fig. 5) and the mass spectrometric analysis above provides
evidence that the 5 and 10 kDa amino acid chains can be identified as Equ ¢ s, chain 1 and 2,
respectively. In native non-reduced state, these amino acid chains are joined together by one or
more disulfide bridges, thereby forming a heterodimeric protein. Thus, the analysis links together
the sequence SEQ ID No 3, encoded by one gene, with SEQ ID No 4, encoded by a different gene,
that together make up a previously unknown heterodimeric secretoglobin protein.

EXAMPLE 7: Production and immunological characterization recombinant Equ c s

Cloninq and purification of recombinant EQu c s

[0063] A synthetic EqQu ¢ s single chain gene was designed by combining nucleotide sequences
encoding the amino acid sequences of the 5 kDa and the 10 kDa subunits with a sequence
encoding a linker peptide comprising 3x (Gly-Gly-Gly-Gly-Ser, residues 72-86 of SEQ ID NO: 5).
The full-length synthetic gene was cloned into the Ndel and Xhol sites of vector pET23a(+)
(Novagen, Madison, W, USA), adding a C-terminal hexahistidine tag to enable protein purification
by immobilised metal ion affinity chromatography (IMAC).

The amino acid sequence for the whole recombinant protein (denominated rEqu ¢ s ab) Is

MDICPAVKED VYNIFLTGZTPD DYVKKVIQYQ RNPVILANAFE KLKNCIDKK. TAELDKENALS a0

VLERKIYSSDE CGGGGSGEGEEEG SGLEESCPSE YAVLGVLSLG SKTLLDTSLN LVNATEPEKRKY 120
AMGRKIQDCYN EAGVITKISD LIIMGTITTS PECLISHALST LTTDVQEGILS KLNPLGRLEH 180
HHHHH 185

(SEQ ID NO: 5).



DK/EP 3171890 T3

[0064] The nucleotide sequence was designed for optimal codon usage in E. cofi (DNA2.0, Menlo
Park, CA, USA).
The nucleic acid sequence encoding the whole recombinant protein is

(SEQ ID NO: 10)

atggacattt gccctgcecggt taaagadggac gtcaacattt CTtctgaccgg taccceccagat cO
gattacgtca aaaaagtgag ccagtaccag cgtaacdccgg ttattetgge aaatgedgag 120
aaactgaaga attgtatcga caaaaagctyg acggctgagg ataaggaaaa cgccctgtcet 180
gtcttggaga agatttacag cagcgactte tgtggtggeg gtggcagecgyg tggtggtggt 240
tcgggecggtg gocggcagcetg ceccgtccectte tatgecggtge tgggtgtbttcect gagcecttaggt 300
agcaagacce tgttggacac gagcctgaat ttggtgaatg cgactgaacc ggagaaagtc 360
gcaatgggca agatccaaga ttgctataac gaagcgggeg Ctatcaccaa gatcagcgat 420
ctgatcatta tgggtacgat cacgaccagce coggaatgta tetcectcacgoe getgtcoccacc 400
ctgaccaccg acgtgcaaga gggdattagc aaaCtgaacc cgctgggtcyg cctcgagcac 540
caccaggoace accac 5505
(SEQ ID NO: 6).

[0065] The nucleic acid sequence encoding chain 1 is

gacatttgcc ctgcggttaa agaggacgtc aacatttttc tgaccggtac cccagatgat cO
tacgtcaaaa aagtgageca gtaccadgegt aacccggtta ttetggcaaa tgccocgagdaa 120
ctgaagaatt gtatcgacaa aaagectdacyg gctgaggata aggaaaacgc cctgtctgtce 180
ttggagaaga tttacagcag cgacttctgt | 210
(SEQ ID NO: 9)

[0066] The nucleic acid encoding chain 2 Is

tgcccecgtegt Tttatgcagt cctgggtgtt ctgtcetttgg gttctaaaac tttgctggac ¢ 0
acgagcctga atctggtgaa tgcaacggag cctgaaaadg tcgcecgatgog caagattbag 120
gactgttaca acgaagcggg cgttattacc aagatcagcg acctgatéat tatgggcacqyg 180
atcaccacga gcoccagagtg catcagecac getttgtoca cectgaccac cgatgtcecaa 240
gagggcatta gcaagctgaa cccgctgggt cgc 273

[0067] An alternative construct was designed having the 10 kDa subunit at the N-terminal end
followed by the linker and the 5 kDa subunit, thereby connecting the two subunits in the other end
of each amino acid chain. The amino acid sequence for the alternative recombinant protein

(denominated rEqu ¢ s ba) Is
MCPSFYAVLG VLSLGSKTLL DTSLNLVNAT EPEKVAMGKI QDCYNEAGVI TKISDLIIMG 60

(SEQ ID NO: 8).

[0068] The plasmid DNA constructs was transformed into E.coli strain BL21-Al (Invitrogen) and
recombinant Equ ¢ s single chain protein was produced using a 3-litre bioreactor (Belach Bioteknik,

TITTSPECILS HALSTLTTDV QEGISKLNPL GRGGGGSGGE GSGGGGSDIC PAVEEDVNIE 120
LTGTPDDYVK KVSQYQRNPV TILANAEKLKN CIDKKLTAED KENALSVLEK TIYSSDFCLEH 180
HHHHH 185
(SEQ ID NO: 7)

and the nucleic acid sequence encoding the same protein Is

atgtgcccegt cgttttatgce agtectgggt gttctgtcectt tgggttctaa aactttgcectg ©.0
gacacgagcc tgaatctggt gaatgcaacqg gagcctgaaa aggtcgcgat gggcaagatt 120
caggactgtt acaacgaagc gggcgttatt accaagatca gcecgacctgat cattatggge 180
acgatcacca cgagcccaga gtgcatcagce cacgctttgt ccaccctgac caccgatgtc 240
caagagggca ttagcaagct gaacccgcetg ggtcecgcggtyg gtggoeggtayg cggtggtggt 300
ggctccggtyg gocggtggcag cgatatttgt ccggcggtga aagaagatgt caacatcttc 36U
ctgaccggta ccccocggatga ttatgtgaaa aaagttagcc aataccagcecg taatccggtt 420
atcctggcca atgccgagaa actgaagaac tgcatcgaca aaaagctgac cgcagaggac 480
aaagaaaacg cgctgagcgt gctggagaag atttacagca gcgacttcectg tectcgagcac 240
caccaccace accac 555
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Skogas, Sweden).

[0069] The method of purification of recombinant Equ ¢ s were almost identical for the two variants
of the protein. Harvested cells was resuspended in 20 mM Tris-HCI pH 8.0 and lysed by passing
the suspension through an Emulsiflex C5 homogenizor (Avestin, Ottawa, Ontario, Canada) at 10
000-15 000 kPa. Atfter clarification by centrifugation and filtration, the supernatant was applied to a
Chelating Sepharose FF column (GE Healthcare Life Sciences), charged with NIiSO4. Column

washing was performed with 20 mM imidazole in 20 mM Tris-HC| pH 8.0, 0.15 M NaCl and the
recombinant protein eluted in a linear 20-500 mM gradient of imidazole in the same buffer (Figure
9a). Further purification of the recombinant protein was performed by AIEC in 20 mM Tris-HCI| pH
8.0 using a Q Sepharose ™ FF column (GE Healthcare Life Sciences). The protein was eluted using
a linear 0-0.6 M NaCl gradient resulting in a double peak where the two peaks were pooled
separately (figure 9b). The protein concentration of the preparations was determined from
absorbance at 280 nm, using a calculated extinction coefficient of 0.34 per mg/mL.

Biochemical characterisation of recombinant Equ c s

[0070] Analytical gel filtration of peak 1 and peak 2 of rEqu ¢ s ab demonstrated that peak 1
contained a mixture of dimeric and monomeric form of rEqu ¢ s (Fig 10 a) whereas peak 2
contained mostly aggregated material (Fig 10 b). This result was also the case for the other
recombinant form, rEqu ¢ s ba (data not shown).

SDS PAGE analysis of single chain recombinant Equ ¢ s demonstrated a single band at 19 kDa for
reducing conditions and a slightly lower apparent molecular weight band at 16 kDa for nonreducing
conditions (Figure 10c). During non-reducing conditions higher molecular weight band
predominantly at 39 kDa were also present, supposedly representing a dimeric form of the protein.

N-terminal sequence analysis of the first variant of rEqu ¢ s (rEqu ¢ s ab) resulted in a clear and
unambiguous sequence readout with no deviation from expected sequence and where the initiator
methionine was fully retained. In the preparation of the second variant, rEqu ¢ s ba, the initiator
methionine was retained in approximately half of the sample but the remainder of the preparation
started at the second amino acid chain. In conclusion, both of the recombinant preparations
contained intact rEqu ¢ s.

Assessment of IgE binding to recombinant Equ c s

[0071] Each of peak 1 and 2 of the two forms of recombinant Equ ¢ s was immobilised to
experimental ImmunoCAP™ as described (Marknell DeWitt, Niederberger et al. 2002) and the IgE
reactivity to the sera described in example 1 were used to assess the IgE reactivity of each of these
preparations. According to table 9, all preparations had similar IgE reactivity to these sera which
was also in accordance with the IgE reactivity of the purified fraction containing native protein (table
6, fraction 2).

[0072] Further analysis of IgE reactivity using sera from 35 horse dander sensitized subjects was
performed comparing recombinant Equ ¢ s ab with the native purified protein fraction 2 from RPC
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(Fig 4).

There was a good agreement (r=0.99) between IgE binding to purified native Equ ¢ s and
recombinant Equ ¢ s (Fig. 11), demonstrating that the recombinant protein was immunologically
active and structurally similar to the native protein. These data provide strong evidence that the
amino acid sequence of the 5 kDa (SEQ ID NO: 3) and 10 kDa (SEQ ID NO: 4) subunits of Equ c s,
as predicted from the genomic sequence information identified, are correct and represents the
amino acid sequence of the purified horse dander allergen Equ c s.

EXAMPLE 8: Assessment of IQE binding activity of nEqu ¢ 1, nEqu ¢ 2, nEqu ¢ 3, nEqu ¢ 4
Equ c 15k and Equ ¢ s in a cohort of horse allergic patients

[0073] Sera from 25 horse allergic subjects from Spain (n=20) and Sweden (n=5) were used In the
study. All patients had a doctors' diagnosis of horse allergy with symptoms such as asthma,
rhinoconjunctivitis and urticaria, and a positive skin prick test to horse dander extract. All samples
and clinical data were collected under the approval of the local ethics committee at each center
contributing to the biobank in which the samples and data had been deposited.

[0074] The levels of specific IgE antibodies to horse dander extract, nEqu ¢ 1, nEqu ¢ 2, nEqu ¢ 3
and nEqu c 4, rEqu ¢ 15k and rEqu ¢ s ab among the 25 horse allergic subjects were determined
using ImmunoCAP™ (Fig. 12, Table 10). In Table 10, all ImmunoCAP™ levels are displayed as
kUa/L and the origin of each patient is indicated by ES (Spain) or SE (Sweden). Recorded allergic

symptoms on exposure to horse are rhinitis (rhin), asthma (astm), urticaria (urt) or anaphylaxis
(anaph).

Of the 25 sera tested, 13 (52%) showed an IgE response 20.35 kUA/L to rEqu ¢ s whereas 12
(48%) had IgE reactivity to rEqu ¢ 15k, 16 (64%) to nEqu ¢ 2 and 19 (76%) to nEqu ¢ 1. Both nEqu
c 3 and nkEqu c 4/5 appeared as minor allergens among the subjects studied, binding IgE ab from
only 5 (20%) and 7 (28%) of the tested sera, respectively. In this study cohort none of the patients
reacted exclusively to rEqu ¢ s whereas four (16%) and two of the 25 sera reacted exclusively to

Equ ¢ 15k and Equ ¢ 1, respectively. On average among all Equ ¢ 15k-reactive sera, the
concentration of IgE antibody to Equ ¢ s amounted to 30% of that to horse dander.

[0075] The corresponding relative concentration of IgE antibody to nEqu ¢ 1 was 52%, whereas for
nEqu ¢ 2, nEqu ¢ 3, nEqu ¢ 4/5 and Equ ¢ 15k the relative concentrations were 35%, 69%, 9% and
37%, respectively, among sera specifically reactive to those allergens. Twenty-four of the 25 sera
showed IgE antibody binding to horse dander extract. All of those sera showed binding to at least
one of the five individual horse allergens tested. The sum of the IgE binding levels to the individual
component matched or exceeded that to horse dander extracit.

EXAMPLE 9: Cross reactivity between Equ ¢ s and secretoqglobin from cat. the major cat
allergen Fel d 1

[0076] Since the unknown IgE reactivity that was the starting point of this study was inhibited by Fel
d 1, the relationship between recombinant Equ ¢ s and Fel d 1 was investigated. The levels of IgE
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binding to Fel d 1 was evaluated in sera of 35 horse dander sensitized subjects, including those 25
horse allergic patients described in Example 8. There was significant correlation (r=0.92) between
the IgE levels to recombinant Equ ¢ s and rFel d 1 (Fig. 13) and for almost all of the subjects the
IgE reactivity to Fel d 1 was higher than that of Equ ¢ s.

In order to further investigate the relationship between Equ ¢ s and Fel d 1, the five sera used In
example 1 were tested for cross-inhibition, using both horse dander extract, rFeld 1 and rEqu c s
on solid phase as well as rEqu ¢ 15k, rEqu ¢ s and rFel d 1 as inhibitors at a final concentration of
100 yg/mL. As an inhibition control buffer, 0.1 M sodium phosphate buffer, pH 7.4, containing 0.3%
human serum albumin, was used. Means of duplicate determinations of each inhibition were
calculated and the fraction of inhibition was calculated as the fraction of the binding using inhibition
control buffer that could be quenched with each inhibitor.

In these selected sera, inhibition of binding to horse dander extract could only be achieved by Fel d
1 and Equ ¢ s indicating that Equ ¢ s indeed Is the unknown protein in horse dander extract that Is
accountable for the binding of these sera (Table 11A). Binding to Fel d 1 immunoCAP can be
iInhibited by Fel d 1 itself but not by Equ ¢ s (Table 11B) whereas binding to Equ ¢ s could be
iInhibited by both Feld 1 and Equ ¢ s (Table 11C). This demonstrates that the IgE binding between
Fel d 1 and Equ ¢ s IS indeed cross reactive as both the high extent of sequence homology
between the two proteins (Figure 6C and 7C) and the high correlation of IgE binding to a population
of horse dander sensitised sera suggests. Furthermore, the fact that Fel d 1 could inhibit binding to
Equ ¢ s solid phase but Equ ¢ s could not inhibit binding to Fel d 1, as well as the fact that the IgE
binding to Fel d 1 was always higher than to Equ ¢ s in the population of horse dander sensitised
sera suggested that these sera were originally sensitised to Fel d 1 and the binding to Equ ¢ s was
a result of cross reactivity.

EXAMPLE 10: Assessment of IgE-binding properties of a variant or fragment (analyte) of an
allergenic protein

[0077] The original allergenic protein, in this case Equ ¢ s, Is immobilized to a solid support. Serum
samples from at least three representative human patients sensitized to the relevant species and
showing IgE reactivity to the original allergenic protein from that species are incubated for 2 h at
room temperature with the analyte at a final concentration of 100 uyg/mL and, in parallel as negative
controls, with buffer alone and the non-allergenic maltose binding protein (MBP) of E. coll. The
samples are then analysed for IgE binding to solid supports carrying immobilized Equ ¢ s to study
whether preincubation with the variant or fragment of Equ ¢ s specifically inhibits or significantly
lowers IgE binding.

Table 1 IgE binding characteristics of sera utilised for detection of an unknown horse dander
component.

00000000000000000000000000\0000000000000000000000000-‘000000000000000000000000‘000000000000000000000000\ 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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CDE {rFeld1{ HDE rEqu C 1} nEquc { nEquc { nEquc “ rEqu c
2 3 4 15K

Serum | KUa/L | KUp/L | KUAL | KUa/L | KUAL | KUA/L | KUp/L | KUAIL
_ | o ‘

69, 006

A A A A A A A A A A A A A B B A A A B B A A B A A A A A A A A A B A A A A A A A A A A B A A A A A A B A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A AR AR AR A AR AR ARG,

CDE- cat dander extract
HDE - horse dander extract

A LS LS LL LSS AL LA EL L LA T L LA LT LL L LT TL LS AL L L LSS L L LSS

able 2 Inhibition of IgE binding to a) cat dander extract and b) horse dander extract, using the
iInhibitors Equ ¢ 15k, Feld 1 and Feld 7.

a) binding to cat dander extract solid phase

Inhibitor Concentration (KUA/L) Inhibition (%)

buffer 0
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Feld 7
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buffer 53,6 0
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Feld 7 96,/ 5

b) binding to horse dander extract solid phase

|
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b) binding to horse dander extract solid phase

QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQ\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Inhibitor Concentration (KUA/L) Inhibition (%)
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Equ c 15K 6,57 -2
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o

Feld 7 i

Table J IgE binding of detector sera to |mmob|I|sed fractions from SEC chromatography of horse
dander extract

Nnm- T

I R N N R R R R R R R R R R R ) Q§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§.§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50Qﬁ‘§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘5\‘50§§0§§0§§0§§0§§0§50‘50‘50‘50‘5\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Table 4 IgE bmdrng of detector sera to |mmob|I|sed fractions from HIC chromatography of an
enriched fraction from horse dander extract

Frcion | 5 | 17 | 2 [ % [ % | @ | &

0CCOCCOCCOCCOCCOCCOCCOCCOCCO\COCCOCCOCCOCCOCCOCCOCCOCCOCCO-.COCCOCC.CC.CC.CC.CC.CC.CC.CC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

A LA AL L LA LT LL L LA AL L L L AL T LA L LLL LA LLL L LT LL L LT LL L LT L LS LS LSS LSS

A LA AL L L LA L LT AL L L LT LA L L LA L L L L LA LLL LA LL L LA LLL LS L LS LSS L L LA

Table 5 IgE b|nd|ng of detector sera to Immobilised fractions from anion exchange chromatography
of an enriched fraction from horse dander extract.
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a) Immobilised fractions at dilution 1:4

QCCQCCQCCQCCQCCQCCQCCQCC.CCQCCQCCQCCQCCQCCQCCQCCQCCQCC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Sera

0000000000000000000000000000000000000000000000000000000

QCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC*QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQ\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
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b) Immobilised pools at dilution 1:20
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Table 6 IgE binding of detector sera to immobilised fractions from RPC chromatography of an
enriched fraction from horse dander extract.
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Fractlon 3

4.41
......................................................................................................................................................................................................
2 97

1,92

Table { Peptide fragments matching the theoretlcal masses of trypsin cleaved Equ ¢ s from In gel

digestion of a) 5 kDa b and b) 10 kDa band of reduced sample and ¢) 18 kDa band of non-reduced
sample.

050‘50‘50‘50‘50§§0§§0§§0§§0§§0§50‘§0§§0§§0‘50‘50‘50‘50QQCQQCQQCQQCQ\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

m/z m/z SEQ
measured theoretical ID NO:

2609 29  12609.28 3 45 i- DICPAVKEDVNIFLTGTPDDYVK.Ki17
1825 85 1825.88 « K.EDVNIFLTGTPDDYVK K 118
1953.97 11953.98 - 30-46 IK EDVNIFLTGTPDDYVKK.V

0CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCC.CCOCCOCCOC>‘CCOCCOCCOCCOCCOCCOCCO.COCCOCCOCCOCCOCCOCCOCC.CCOCCOCCOCCOCCOCCOCCO0COCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOHOCCOCCOCCOCCOCCOCCOCC.CC.CC.CC.CC.CC.CC.CC\ CCCCCCCCCCCCCCCCCCCCCC

N
2

CCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCHCQCCQCCQCCQCCQCCQCCQCCQCCQACQCCQCCQCCQCCQCCQCCQCC.CCQCCQCCQCCQCCQCCQCCQ‘CQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCMCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCC\ 0000000000000000000000
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a)

R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R R R R ) CQCCHCQCCQCCQCCQCCQCC.CCQCCQCCQCCQCCQCCQC000CQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC000000000000000000>‘00\ CCCCCCCCCCCCCCCCCCCCCC

m/z m/z Equ Cc s§ range peptide SEQ
measured § theoretical §{ chain ID NO:
891.39 891.35 86-92 {K.IYSSDFC.- 24
b

R I R R R T R R R R R R R R R R R R R R R R R R R R R R R R R R R R R §§0§§0§§0§50‘50‘50‘50‘50‘\. §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

)
m/z m/z Equ cs § range peptide SEQ ID
measured § theoretical chain NO:
1697.84 1697.89 24-39 _CPSFYAVLGVLSLGSK.T

1510.67 1510.72 2
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C)

NG m/z peptide | SEQ |
measured i theoretical § chain ID NO:
260931 1260928 |1  123-45 |-DICPAVKEDVNIFLTGTPDDYVKK|27 |
182586 1182588 |1 ~ 130-45 \KEDVNIFLTGTPDDYVKK 28 |
‘. . .................... .. .. .............. 5
30 |
106856 110686  I1 15362 IRNPVILANAEKI 131 |
165084 1165088 |1 32 |
151069 {151072 {2~ {62-74 |KIQDCYNEAGVITKI {33 |

Table 8 Peptides identified b MS/MS from in-solution digested fraction from RPC.

KITAEDKENALSVLEKT |39
Kivssore- o
m K IQDCYNEAGVITK | 41
Teo750 [1e9780 1285 [» |25 GPSFVAVIGVLSLOSKT |42

@ K ISDLIIMGTITTSPECISHALSTL.T* 43

*Peptide identified by semitrypsin cleavage of protein.
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Table 9 IgE reactivity of rEqu s ¢ preparations

0CC.CCOCCOCCOCCOCCOCCO*COCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOC\0CCOCCOCCOCCOCCOCCOCCOCCOCCOCC.CC.CC.CC.CM‘& CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

- peak 1 rEqucs jpeak2rEqucsbajpeak 1 rEqucsabipeak 2rEqu cs ab
ba

KU o/ ’ KU o/ KU o/ ’ KU o/
24 87 “ 23 09 23 40 23 12
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- peak 1 rEqu CS peak 2requcs ba peak 1 rEqucsabipeak 2requcs ab

Ser kU A/| KU o/ KU o/ KU o/
“ 1570 1502 1561 15793
- 1515 15 34 1677 15 57

QCCQCCQCCQCCQCCQCCQCCQ*CQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC\\CCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC00000000000\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

s
>

Wl LA AL L LA T LL LA L LLL L LT TL L LA LL LT LL L LA LTL LS L L LSS LSS

Table 10 IgE reactivity of 25 horse allerglc patlents

19K
O 12

Rhln 1 55 O 21 O 30 1 31 1 0,14

Rhln SE 1 28 1 24 O 56 O 16 O 03 0,48
astm

0CQCCQCCQCCQCCQCCQCCQCCQClﬁl.ﬁl.ﬁl.ﬁlCQCCQCCQCCQCCQCCQC.QCCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Rhin, 179 0.15 0,04 1,12
astm
Rhin, ES 5,41 0,34 0,02 0,80
astm
Rhin, ES O 21 0,02 0.06
astm
Rhin, ES 455§ 1,41
astm

0COCCOCCOCCOCCOCCOCCOCCOC.0CCOCCOCCOCCOCCOCCOCCOCCOCCOC.QCCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

0CQCCQCCQCCQCCQCCQCCQCCQClﬁl.ﬁl.ﬁl.ﬁlCQCCQCCQCCQCCQCCQC‘QCCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Rhln 658 342 1 .08 001 048 1 16 223

CQQCQQC§§0§§0§§0§§0§§0§§\§§0§§0§§0‘50‘50‘50‘50§§0§§0§§00§0§§0§50‘50‘50‘50‘50‘50 §0§§0§§0§§0§§0§§0‘50‘50‘50‘50‘50§§0§§0§§j§§0§§0§§0§§0§§0§§0‘50‘\0‘50‘50§§0QQCQQCQQCQQC\;CQ50‘50‘50‘50‘50‘50‘\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

astm
Rhln ES m 002 0,97

0COCCOCCOCCOCCOCCOCCOCCOC.0CCOCCOCCOCCOCCOCCOCCOCCOCCOC.QCCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

19 Rhln ES 5,18 008 0,18 5,81 | 1,54
astm
Rhin, ES 0,78 0,76 0,01 0,02 0,02 0,06
astm
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Rhln ES {694 “
astm

QO

astm

Table 11 Inhibition of IgE bmdmg to a) horse dander extract, b) rFel d 1 and ¢) rEqu c s solid
phase, using the inhibitors Equ ¢ 15k, Equ ¢ s and Feld 1.

a) binding to horse dander extract solid phase

Inhibitor Concentrahon (kUA/L) Inhibition (%)
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b) binding to riel d 1 solid phase

Inhibitor - Concentration (KUA/L) Inhibition (%)
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b) binding to rFel d 1 solid phase

QCCQCCQCCQCCQCCQCCQC@CQCCQCCQCCQCCQCCQCCQCCQ\CQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC000CQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCC@QCCQCCQC I R R R R R R R R R R R R R R R R R R R R R

Serum Inhibitor Concentration (KUA/L) Inhibition (%)
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Feld 1 5,22 91
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Fel d 1 3,87 91
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C) binding to rEqu ¢ s solid phase
..................
buffer 13,39 0
Equ c 15k 11,73 12
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Fel d 1 0,99 96

CCQCCQCCQCCQCCQCCQCCQC@CQCCQCCQCCQCCQCCQCCQCCQC‘\QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCC\CCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCC@QCCQCCQCCQCCQCCQCCQCCQ

buffer 9,08 0
Equ c 15K 8,63 5

Fel d 1 0,45 95
0

I T T T e I R R R R R N R R R R R R R R R R R R R R R R R R R R R R R

Equ c 19K 9,37 14

C ,

Fel d 1

EqucCs 3,/6 959
Fel d 1 0,40 96

S LA L LSS LLL LS LSS LS LSS

AL LA AL LS LT LL L LT L L LT LL LA L LLLL LT L L LA LLL L LA LLL LA L LL LA L LLL L LT L L LT LL LA LT LLL LT L LL L LA LLL L LT L LL L LT L L L LT LL LA LA LL L L AL L LT LA LL LS LA LLL LA L L L LA L L L L LT LTL LA L L LSS LL L LT L LS AL LL L LA LLL LA L LA L LLL LA L LL L LA L LL LT L L L L LT L L L L L L L LT LA LL LA LL LT AL LL LA LS L L L LT LL L LA L LL L LT L T LA LL L LT LLL LT LL LA LT L LL LA TLL LA L LLL LA AL L L L LT LLL L LT LLL LS L L LSS

'

3

+
-



DK/EP 3171890 T3

C) binding to rEqu ¢ s solid phase

-
QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQ\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Inhibitor Concentrahon (kUA/L) Inhibition (%)
buffer 6,60 0

(4
S LA L LSS LLL LS LSS LS LSS

A AL L LA L LL L LA LL LS L LL LSS
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SEQUENCE LISTING
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<110> Phadia AB

<120> Novel horse allergen
<130> P10607SEQO

<160> 48

<170> Patentln version 3.5

<210> 1

<211> 92

<212> PRT

<213> Equus caballus

<220>
<221> SIGNAL
<222> (1)..(22)

<220>
<221> mat_peptide
<222> (23)..(92)

<400> 1

Met Lys Arg Ala Gly Ala Leu Val Leu Leu Trp Thr Thr Leu Leu Leu
—-20 -15 -10

Ile Pro Gly Arg Asn Cys Asp Ile Cys Pro Ala Val Lys Glu Asp Val
-5 -1 1 5 10

Asn Ile Phe Leu Thr Gly Thr Pro Asp Asp Tyr Val Lys Lys Val Ser
15 20 25

Gln Tvr Gln Arg Asn Pro Val Ile Leu Ala Asn Ala Glu Lyvs Leu Lvs



30

35

40

Asn Cys Ile Asp Lys Lys Leu Thr Ala Glu Asp Lys Glu Asn Ala Leu

45

50

Ser Val Leu Glu Lys Ile Tyr Ser Ser Asp Phe Cys

60

<210> 2
<211> 11

4

<212> PRT

<213> Equus caballus

<220>

<221> SIGNAL
<222> (1)..(23)

<220>

<221> mat_peptide

<222> (24)..(114)

<400> 2

Met Lys

Ile

Val
10

Leu

Val

Asn

Met

Thr

Gly
90

<210>3
<211> 70

Lys

Ser

Ala

Asn

Thr

60

Thr

<212> PRT

<213> Equus caballus

<400> 3

Ala
—-20

Met

Leu

Thr

Glu

45

Tle

Thr

Leu

Ala

Glu
30

Ala

Thr

Asp

Leu

Glu

Ser

15

Pro

Thr

Val

65

Val

Glu

Val

Ser

Gln
80

Leu

Cys

Thr

Tle

Pro

65

Glu

Ala

-15

Pro

Leu

Val

Thr

50

Glu

Gly

Leu

Ser

Leu

Ala
35

ITle

Leu

Phe

ASp

20

Met

TIle

Tle

Ser

70

Val

Tyr

Thr

Ser

Ser

Lys
85

33

Thr

Ala

Ser

Asp

His
70

Leu

Arg Glu

—10

Val

Leu

Leu Asn

Tle

Leu

55

Ala

Asn

Gln
40

Ile

Leu

Pro

Leu

Leu

25

Asp

Ile

Ser

Leu

Asp Ile Cys Pro Ala Val Lys Glu Asp Val Asn Ile Phe Leu Thr Gly

1

D

10

15

Thr Pro Asp Asp Tyr Val Lys Lys Val Ser Gln Tyr Gln Arg Asn Pro
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20

25

30

Val Ile Leu Ala Asn Ala Glu Lys Leu Lys Asn Cys Ile Asp Lys Lys

35

40

45

Leu Thr Ala Glu Asp Lys Glu Asn Ala Leu Ser Val Leu Glu ILys Ile

50

Tvr Ser Ser Asp Phe Cys

65

<210> 4

<211> 91

<212> PRT

<213> Equus caballus

<400> 4

Cys Pro
1

Thr Leu

- Val

Ile Thr

50

Pro Glu

65
Glu Gly

<210>5

Ser

Leu

Ala
35

Tle

<211> 185
<212> PRT
<213> Artificial Sequence

<220>

Phe

Asp

20

Met

Ile

Ile

Thr

Gly

Ser

Ser

Lys

85

70

Ala

sSer

Lys

His
70

Leu

55

Val

Leu

Tle

Leu

35

Ala

Asn

Leu (

Asn

Gln
40
Ile

Leu

Pro

Leu
25

AsSp

Ile

Ser

Leu

<223> Synthetic single chain protein

<220>

<221> INIT MET

<222>(1)..(1)

<220>

<221> MISC FEATURE
<222> (72)..(86)
<223> Linker peptide

<220>

<221> MISC_FEATURE

Val
10

Val

Met

Thr

Gly
S0

Leu

Asn

Leu
75

Arg

60

Ser

Ala

~ ASn

Thr
60

Thr

Leu Gly

Thr Glu
30

Glu Ala
45

Ile Thr

Thr Asp

Ser .

15

Pro

Gly

Thr

val

Glu

Val

Ser

Gln
80
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<222> (180)..(185)
<223> Hexahistidine tag

<400> 5

Met
1

Gly

Pro

Ile

65

Ser

Leu

Asn

Gly
145

Leu

Arg

Asp

Thr

val

Leu

>0

Gly

Ser

Ala

Asn

130

Thr

Thr

Leu

<210>6
<211> 555

<212> DNA
<213> Artificial Sequence

<220>
<223> DNA encoding synthetic single chain peptide

<400> 6

atggacattt
gattacgtca
aaactgaaga
gtcttggaga

tcgggcggtg

agcaaqgqaccc

Ile

Pro

Ile
35

Thr
Ser
Gly
Leu
Thr
115
Glu
Tle

Thr

Glu

Asp
20

Leu

Ala

Ser

Gly

Gly
100

Glu

Ala

Thr

Asp

His

180

Pro

Asp

Ala

Glu

Asp

Gly
85

sSer .

Pro

Gly

Thr

Val

165

His

Ala

Asn

Asp

Phe
70

Ser

Glu

val

Ser

150

Gln

His

val

Val

Ala

Lys
55

- Thr

Tle
135

Pro

Glu

His

Lys

Lys

Glu
40

Glu

Gly

Pro

Leu

Val
120

Thr

Glu

His

Glu

Lys
25

Asn

Gly

Ser

Leu
105

Ala

Tle

His
185

ASpP
10

Val

Leu

Ala

Gly

Phe

90

Met

Ile

- ITle

Ser |

170

Val

Ser

Leu

Gly
75

 Thr

Gly

Ser

Ser
155

gcectgeggt
aaaaagtgag
attgtatcga
agatttacaqg
gcggcagetyg

tattagacac

taaagaggac
ccagtaccaqg
caaaaagctg
cagcgacttc
cecgtecotte

gagcctgaat

gtcaacattt
cgtaaccagg
acggctgagg
tgtggtggcyg
tatgcggtgce

ttaggtgaata

AsSn

Gln

Asn

Ser
60

Ser

Ala

Ser

Asp

140

His

Leu

ttctgaccgg
ttattctgge
ataaggaaaa
gtggcagcgg

tgggtgttet

cgactgaacc

Ile

Cys

45

Val

Gly

val

Leu

Tle

125

Leu

Ala

AsSn

Phe

Gln
30

Tle
Leu
Gly
Leu
AsSn
110
Gln
Tle

Leu

Pro

Leu
15

Arg

Asp

Glu

Gly

Gly

95

Leu

Asp

Ile

ser

Leu
175

Thr

Asn

Gly
80

Vval

Val

Met

Thr
160

taccccagat
aaatgccgag
cgcecctgtct
tggtggtggt
gagcttaggt

gaagaaagtc

DK/EP 3171890 T3
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gcaatgggca agatccaaga ttgctataac gaagcgggeg ttatcaccaa gatcagcgat 420
ctgatcatta tgggtacgat cacgaccagce ccocggaatgta tetcectcacge getgtcecace 4890
ctgaccaccg acgtgcaaga gggcattagc aaactgaacce cgectgggtceg cctcgagcac 540
caccaccacce accac 555
<210> 7

<211> 185

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic single chain peptide

<220>
<221> INIT_MET
<222>(1)..(1)

<220>

<221> MISC_FEATURE
<222> (93)..(107)
<223> Linker peptide

<220>

<221> MISC_FEATURE
<222> (180)..(185)
<223> Hexahistidine tag

<400> 7

Met
1
Lys
Glu
Val
Ser
65

Gln

Ser

val

Cvys

Thr

Tle
50

Pro

Glu [

Pro
Leu
Val
35

Thr

Glu

Glu

115

Ser
Leu
20

Ala
Lys
Cys
Ile
Gly
100

Asp

Phe "

Asp

Met

Tle

Tle

Ser .

85

Gly

Val

Thr

Ser

Ser

70

Ser

Asn

Ala

Ser

Asp

55

His

Leu

Gly

Ile

vVal

Leu

Ile

40

Leu

Ala

Asn

Gly

Phe

120

Leu

Asn
25

Gln

Tle

Leu

Pro

Gly
105

Leu

Gly
10

Leu

Ile

Ser

Leu
90

Val

val

Cys

Met

Thr
15

Gly Arg

Ser

Leu

Ser

Asn Ala

Tyr Asn

Gly
60

L.eu

ASP

Thr Gly Thr

45

Thr

Thr

Gly

Tle

Pro

125

Leu

Thr

30

Glu

Tle

Thr

Cys
110

Gly

15

Glu

Ala

Thr

Asp

Gly
95

Pro

Ser

Pro

Thr

Val
80

Ala
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Val Lys Lys Val Ser Gln Tyr Gln Arg Asn Pro Val Ile Leu Ala Asn
130 135 140
Ala Glu Lys Leu Lys Asn Cys Ile Asp Lys Lys Leu Thr Ala Glu Asp
145 150 155 160
Lys Glu Asn Ala Leu Ser Val Leu Glu Lys Ile Tyr Ser Ser Asp Phe
165 170 175
Cys Leu Glu His His His His His His
180 185
<210> 8
<211> 555
<212> DNA
<213> Artificial Sequence
<220>
<223> DNA encoding synthetic single chain peptide
<400> 8
atgtgccegt cgttttatge agtecctgggt gttetgtett tgggttcectaa aactttgetg 60
gacacgagcce tgaatctggt gaatgcaacg gagcctgaaa aggtcgcgat gggcaagatt 120
caggactgtt acaacgaagc gggcgttatt accaagatca gcgacctgat cattatgggce 180
acgatcacca cgagcccaga gtgcatcage cacgetttgt ccaccctgac caccgatgtce 240
caagagggca ttagcaagct gaacccgetg ggtcgeggtg gtggcggtag cggtggtggt 300
ggctcecggtg geggtggcag cgatatttgt ccggeggtga aagaagatgt caacatcettce 360
ctgaccggta cccecggatga ttatgtgaaa aaagttagec aataccagcg taatccecggtt 420
atcctggcca atgccgagaa actgaagaac tgcatcgaca aaaagctgac cgcagaggac 480
aaagaaaacqg cgctgagcgt gctggagaag atttacagca gcgacttctg tctcgagcac 540
caccaccacge accac 255
<210> 9
<211> 210
<212> DNA
<213> Artificial Sequence
<220>
<223> Codon optimized chain 1
<400> 9
gacatttgcc ctgcggttaa agaggacgtc aacatttttc tgaccggtac cccagatgat 60
tacgtcaaaa aagtgagcca gtaccagcgt aacccggtta ttcectggcaaa tgccgagaaa 120
ctgaagaatt gtatcgacaa aaagcoctgacg gctgaggata aggaaaacgc cctgtetgtce 180
ttggagaaga tttacagcag cgacttctgt 210

<210>10
<211> 273
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<212> DNA
<213> Artificial Sequence

<220>
<223> Codon optimized chain 2

<400> 10

tgcececgtegt tttatgcagt cctgggtgtt ctgtctttgg gttctaaaac tttgetggac 60
acgagccectga atctggtgaa tgcaacggag cctgaaaagg tcgcgatggg caagattcag 120
gactgttaca acgaagcggg cgttattacc aagatcagceg acctgatcat tatgggcacg 180
atcaccacga gcccagagtg catcagccac gcectttgtcecca ccctgaccac cgatgtccaa 240
gagggcatta gcaagctgaa cccgctgggt cgc 273
<210> 11

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Forward primer for chain 1, PCR 1

<400> 11
ataaaagggc tgcagaattg 20

<210>12

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Forward primer for chain 2, PCR 1

<400> 12
gcagcagaaa ccctgccctg 20

<210>13

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Forward primer for chain 1

<400> 13
gtgagcacct gccacctg 18

<210> 14

<211> 20

<212> DNA

<213> Artificial Sequence



<220>
<223> Forward primer for chain 2

<400> 14
gaagagcatt ctagcagttg 20

<210>15

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse primer for chain 1

<400> 15
gaatcttcta atcagacac 19

<210> 16

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse primer for chain 2

<400> 16
ggtagaggag acaggtgtc 19

<210> 17

<211> 23

<212> PRT

<213> Equus caballus

<400> 17

Asp Ile Cys Pro Ala Val Lys Glu Asp Val Asn Ile Phe Leu Thr Gly

1 2

Thr Pro Asp Asp Tyr Val Lys
20

<210> 18

<211> 16

<212> PRT

<213> Equus caballus

<400> 18

Glu Asp Val Asn Ile Phe Leu Thr Gly Thr Pro Asp Asp Tyr Val Lys

1 5

<210>19
<211> 17
<212> PRT

DK/EP 3171890 T3



DK/EP 3171890 T3

<213> Equus caballus

<400> 19
Glu Asp Val Asn Ile Phe Leu Thr Gly Thr Pro Asp Asp Tyr Val Lys
1 5 10 15

Lys

<210> 20

<211> 7

<212> PRT

<213> Equus caballus

<400> 20

Lys Val Ser Gln Tyr Gln Arg
1 5

<210> 21

<211> 6

<212> PRT

<213> Equus caballus

<400> 21

Val Ser Gln Tyr Gln Arg
1 5
<210> 22

<211> 10

<212> PRT

<213> Equus caballus

<400> 22

Asn Pro Val Ile Leu Ala Asn Ala Glu Lys
1 5 10
<210> 23

<211>15

<212> PRT

<213> Equus caballus

<400> 23
Leu Thr Ala Glu Asp Lys Glu Asn Ala Leu Ser Val Leu Glu Lys
1 5 10 15

<210> 24

<211> 7

<212> PRT

<213> Equus caballus

<400> 24
Ile Tyr Ser Ser Asp Phe Cys

1 5

<210> 25



<211> 16
<212> PRT
<213> Equus caballus

<400> 25

Cys Pro Ser Phe Tyr Ala Val Leu Gly Val Leu Ser Leu Gly Ser Lys
1 5 10 15
<210> 26

<211> 13

<212> PRT

<213> Equus caballus

<400> 26

Ile Gln Asp Cys Tyr Asn Glu Ala Gly val Ile Thr Lys
1 5 10

<210> 27

<211> 23

<212> PRT

<213> Equus caballus

<400> 27
Asp Ile Cys Pro Ala Val Lys Glu Asp Val Asn Ile Phe Leu Thr Gly
1 5 10 15

Thr Pro Asp Asp Tyr Val Lys
20

<210> 28

<211> 16

<212> PRT

<213> Equus caballus

<400> 28
Glu Asp Val Asn Ile Phe Leu Thr Gly Thr Pro Asp Asp Tyr Val Lys
1 5 10 15

<210> 29

<211> 17

<212> PRT

<213> Equus caballus

<400> 29
Glu Asp Val Asn Ile Phe Leu Thr Gly Thr Pro Asp Asp Tyr Val Lys
1 5 10 15

Lys

<210> 30

<211> 7

<212> PRT

<213> Equus caballus

DK/EP 3171890 T3
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<400> 30

Lys Val Ser Gln Tyr Gln Arg
1 3

<210> 31

<211> 10

<212> PRT

<213> Equus caballus

<400> 31

Asn Pro Val Ile Leu Ala Asn Ala Glu Lys
1 5 10
<210> 32

<211> 15

<212> PRT

<213> Equus caballus

<400> 32

Leu Thr Ala Glu Asp Lys Glu Asn Ala Leu Ser Val Leu Glu Lys
1 ") 10 15
<210> 33

<211>13

<212> PRT

<213> Equus caballus

<400> 33

Ile Gln Asp Cys Tyr Asn Glu Ala Gly Val Ile Thr Lys
1 5 10

<210> 34

221> 7

<212> PRT

<213> Equus caballus

<400> 34

Asp Ile Cys Pro Ala Val Lys
1 S

<210> 35

<211> 16

<212> PRT

<213> Equus caballus

<400> 35

Glu Asp Val Asn Ile Phe Leu Thr Gly Thr Pro Asp Asp Tyr Val Lys
1 5 10 15
<210> 36

221> 7

<212> PRT

<213> Equus caballus

<400> 36
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Lys Val Ser Gln Tyr Gln Arg
1 5

<210> 37

<211>6

<212> PRT

<213> Equus caballus

<400> 37

Val Ser Gln Tyr Gln Arg
1 5

<210> 38

<211> 10

<212> PRT

<213> Equus caballus

<400> 338
Agn Pr¢o Val Ile Leu Ala Asn Ala Glu Lys
1 5 10

<210> 39

<211> 15

<212> PRT

<213> Equus caballus

<400> 39
Leu Thr Ala Glu Asp Lys Glu Asn Ala Leu Ser Val Leu Glu Lys
1 5 10 15

<210> 40
<211> 7

<212> PRT
<213> Equus caballus

<400> 40
Ile Tyr Ser Ser Asp Phe Cys
1 5

<210> 41

<211>13

<212> PRT

<213> Equus caballus

<400> 41
Ile Gln Asp Cys Tyr Asn Glu Ala Gly Val Ile Thr Lys
1 5 10

<210> 42

<211> 16

<212> PRT

<213> Equus caballus

<400> 42
Cys Pro Ser Phe Tyr Ala Val Leu Gly Val Leu Ser Leu Gly Ser Lys
1 A 10 15
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i S m W il el

<210> 43

<211> 24

<212> PRT

<213> Equus caballus

<400> 43
Ile Ser Asp Leu Ile Ile Met Gly Thr Ile Thr Thr Ser Pro Glu Cys
1 S 10 15

Tle Ser His Ala Leu Ser Thr Leu
20

<210> 44

<211> 7

<212> PRT

<213> Equus caballus

<220>

<221> UNSURE
<222>(1)..(1)
<223> Asp or Cys

<220>

<221> UNSURE
<222> (2)..(2)

<223> Pro, lle or Cys

<220>

<221> UNSURE
<222> (3)..(3)

<223> Ser, Arg, or Cys

<220>

<221> UNSURE

<222> (4)..(4)

<223> Phe, Pro, or Cys

<220>

<221> UNSURE
<222> (5)..(5)

<223> Tyr, Ala, or Cys

<220>

<221> UNSURE
<222> (6)..(6)

<223> Ala, Val, or Cys

<220>
<221> UNSURE
<222> (7)..(7)



<223> Val, or Cys

<400> 44

Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1

<210> 45
<211> 279
<212> DNA

5

<213> Equus caballus

<400> 45
atgaagcggg

aattgtgaca
gatgactatg
gaaaagctaa

agtgtgctgg

<210> 46
<211> 345
<212> DNA

ctggtgctct
tttgcecage
ttaaaaaagt
agaactgcat

agaaaatata

<213> Equus caballus

<400> 46
atgaaggggyg

gcggaagett
ctgttggaca
aaaatccagg
atgggtacta
gatgttcaag
<210> 47

<211> 388
<212> PRT

cactgcttgt
geccgagttt

cctcoccotcaa

attgctacaa

tcaccaccag

aaggcatttce

<213> Felis catus

<220>

<221> SIGNAL
<222>(1)..(18)

<400> 47

Met Leu Asp Ala Ala Leu Pro

1

Asp Cys Glu Ile Cys Pro

Thr Gly Thr Pro Asp Glu

35

IL.eu Pro Val

5

20

Val Leu Glu Asn

cgtgectgete
cgtgaaggaa
ttcacagtac
tgataagaaa

ctcaagtgat

gctggccttg
ttatgcagtc
tctggtcaat
tgaggcggga
cccagaatgc

taagctgaac

Ala

Tyr
40

tggaccacct

gatgttaata

caacgcaatc

ttgacageccg

ttttgttaa

ctggtgacca
cttggtgtgt
gctactgaac
gtcataacca
atcagccacg

cctctgggga

Pro Cys Pro Thr

10

Val Lys Arg AsSp
25

val Glu Gln Val

"Ala Arg Ile lLeu

tgcttectgat
tattcctgac

ctgtaatatt

aggataagga

gagagctggg

tgtececcttgg
cggaaaaagt
agatctcgga
cactgagcac

gatga

cecaggecaga
aggaacccct
ggccaatgct

gaatgcectce

catcaagatg
aagcaagaca
agccatggga
tctgatcatc

attgacgacg

Val Ala Ala Thr Ala

15

Val Asp Leu Phe Leu

30

Ala Gln Tyr Lys Ala

45

Lys Asn Cys Val Asp
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120

180

240
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60
120
180
240
300
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50 55 60

Ala Lys Met Thr Glu Glu Asp Lys Glu Asn Ala Leu Ser Leu Leu Asp

65 70 75 80
Lys Ile Tyr Thr Ser Pro Leu Cys
85
<210> 48
<211> 109
<212> PRT
<213> Felis catus
<220>
<221> SIGNAL
<222> (1)..(23)
<400> 48
Met Arg Gly Ala Leu Leu Val Leu Ala Leu lLeu Val Thr Gln Ala Leu
1 5 10 15
Gly Val Lys Met Ala Glu Thr Cys Pro Ile Phe Tyr Asp Val Phe Phe
20 25 30
Ala Val Ala Asn Gly Asn Glu Leu Leu Leu Asp Leu Ser Leu Thr Lys
35 40 45
Val Asn Ala Thr Glu Pro Glu Arg Thr Ala Met Lys Lys Ile Gln Asp
50 55 60
Cys Tyr Val Glu Asn Gly lLeu Ile Ser Arg Val Leu Asp Gly Ieu Val
&5 70 75 80
Met Thr Thr Ile Ser Ser Ser Lys Asp Cys Met Gly Glu Ala Val Gln
85 90 35
Asn Thr Val Glu Asp Leu Lys Leu Asn Thr Leu Gly Arg
100 105
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PATENTKRAY

1. Protein, der er et 1soleret heterodimert protein eller et enkeltkaedet protein, hvor enten en
fgrste peptid- og en anden peptidkade af det heterodimere protein; eller det enkeltkaedede

protein; har en samlet sekvensidentitet pa mindst 70 % med de kombinerede sekvenser ifglge

SEQ ID NO: 3 og SEQ ID NO: 4.

2. Fragment af et protein ifglge krav 1, hvilket fragment omfatter mindst én IgE-antistofepitop
af et heterodimert protein, der har en fgrste peptidkede med sekvensen ifglge SEQ ID NO: 3
og en anden peptidkaede med sekvensen ifglge SEQ ID NO: 4, og hvilket fragment har en
lengde pa mindst 60 % af den kombinerede l&ngde af aminosyresekvenserne ifglge SEQ ID

NO: 3 og SEQ ID NO: 4.

3. Protein eller fragment af et protein i1fglge et hvilket som helst af kravene 1-2, der er blevet
immobiliseret til en fast eller oplgselig understgtning, og/eller som er blevet forsynet med et

detekterbart maerke.

4. Nukleinsyremolekyle, der koder for et protein ifglge krav 1 eller et proteinfragment ifglge
krav 2.

5. Vektor, der omfatter nukleinsyremolekylet ifglge krav 4.

6. Vartscelle, der omfatter vektoren 1fglge krav 3.

7. Fremgangsmade til in vitrro-bedgmmelse af type 1-allergi, hvilken fremgangsmade omfatter
de trin, at
—en immunglobulinholdig legemsvaskeprgve fra en patient, som antages at have type
1-allergi, bringes 1 kontakt med et protein eller proteinfragment ifglge et hvilket som
helst af kravene 1 til 2; og
— tilstedevarelsen, 1 prgven, at antistoffer, der specifikt binder til proteinet,
peptidkaeden eller proteinfragmentet detekteres;
hvor tilstedevarelsen af sadanne bundne antistoffer indikerer type 1-allergi hos

patienten.
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8. Fremgangsmade ifglge krav 7, der omfatter detektering af tilstedevarelsen, 1 prgven, af IgE-
og/eller IgG-antistoffer, som specifikt binder til proteinet, peptidkeden eller proteinfragmentet;
hvor tilstedevarelsen af specifikke IgE-antistoffer indikerer en Type 1-allergi over for hest hos
patienten, og niveauet af specifikke IgG-antistoffer er informative med hensyn til naturlig eller

induceret tolerance over for hest gennem miljgeksponering eller immunterapibehandling.

9. Fremgangsmade ifglge krav 7 eller 8, der endvidere omfatter de trin, at
— den immunglobulinholdige legemsvaskeprgve fra patienten, som antages at have type
1-allergi, bringes 1 kontakt med mindst €n yderligere oprenset allergenkomponent fra
hest; og
— tilstedevarelsen, 1 prgven, af IgE-antistotfer, som specifikt binder til den oprensede
allergenkomponent {ra hest, detekteres;
hvor kombinationen af tilstedevarelse at IgE-antistoffer, som specifikt binder til
proteinet, peptidkaeden eller proteinfragmentet, og fraver af IgE-antistotfer, som
specifikt binder til allergenkomponenten fra hest, indikerer en type 1-allergi over for

kat hos patienten.

10. Fremgangsmade ifglge krav 9, hvor den yderligere oprensede allergenkomponent fra hest

er valgt fra gruppen bestaende af nativ og rekombinant Equ ¢ 1, Equ ¢ 2, Equ ¢ 3, Equ ¢ 4/5 og
Equ ¢ 15k.

11. Kit til udfgrelse af fremgangsmaden ifglge et hvilket som helst af kravene 7-10, hvilket kit
omfatter et protein eller proteinfragment 1fglge et hvilket som helst af kravene 1 t1l 2, der er
immobiliseret pa en fast understgtning, og hvilket kit yderligere omfatter et reagens, som er i

stand til at detektere antistoffer, der er bundet til det immobiliserede protein eller

proteinfragment.

12. Protein eller proteinfragment 1f@glge et hvilket som helst af kravene 1 til 2 til anvendelse 1

fremgangsmader til diagnose af type 1-allergi, udgvet pa menneske- eller dyrekroppen.

13. Protein eller proteinfragment ifglge et hvilket som helst af kravene 1 til 2 til anvendelse 1

fremgangsmader til terapi af type 1-allergi, udgvet pa menneske- eller dyrekroppen.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 6

a) o ,
ATGAAGCGGGCTGGTGCTCTCGTGCTGCTCTGGACCACCTTGCTTCTGA

TCCCAGGCAGAAATTGTGACATTTGCCCAGCCGTGAAGGAAGATGTTAA
TATATTCCTGACAGGAACCCCTGATGACTATGTTAAAAAAGTTTCACAGT
ACCAACGCAATCCTGTAATATTGGCCAATGCTGAAAAGCTAAAGAACTG
CATTGATAAGAAATTGACAGCCGAGGATAAGGAGAATGCCCTCAGTGTG
CTGGAGAAAATATACTCAAGTGATTTTTGTTAA (SEQ ID NO: 45)

b)
MKRAGALVLLWTTLLLIPGRNCDICPAVKEDVNIFLTGTPDDYVKKVSQYQ
RNPVILANAEKLKNCIDKKLTAEDKENALSVLEKIYSSDFC (SEQ ID NO: 1)

By GO EA VR FLTTERNY Y CTRNTE B Sl 3 £
P AT R S SIS ATE B 3 R =L
1 FICPAY AR RS SN S YA hit RN LML
. EEIVERNE
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Figure 7

E\)fGAAGGGGGCACTGCTTGTG CTGGCCTTGCTGGTGACCAGAGAGC
TGGGCATCAAGATGGCGGAAGCTTGCCCGAGTTTTTATGCAGTCCTT
GGTGTGTTGTCCCTTGGAAGCAAGACACTGTTGGACACCTCCCTCAA
TCTGGTCAATGCTACTGAACCGGAAAAAGTAGCCATGGGAAAAATCC
AGGATTGCTACAATGAGGCGGGAGTCATAACCAAGATCTCGGATCTG
ATCATCATGGGTACTATCACCACCAGCCCAGAATGCATCAGCCACGCA
CTGAGCACATTGACGACGGATGTTCAAGAAGGCATTTCTAAGCTGAA
CCCTCTGGGGAGATGA (SEQ ID NO: 46)

b)
MKGALLVLALLVTRELGIKMAEACPSFYAVLGVLSLGSKTLLDTSLNLVN

ATEPEKVAMGKIQDCYNEAGVITKISDLIMGTITTSPECISHALSTLITD
VQEGISKLNPLGR (SEQ ID NO: 2)
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Figure 10

a) Peak 1
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Figure 11
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Figure 12
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Figure 13

100 -

10 -

o-o-.r.o.o.oao-r.r.r.r.o.l.ﬁrra-J-.l.f.ﬁ.ﬂrr)-.ro-.o.ofb)-o-o-.r.o.o:oaro-.r.r.r:o.l.ﬁrra-.r.l.f'.ﬁ it .o.fro-.ra-.r.o..o.-ao-r.r_.r..r.o.larr.r.o".l.f.ﬁ'r

requ ¢ s (kU,/L)

0,1 -

B e e e S al T I S T

\ . . ]

0,01 0,1 1 10 100

rFel d 1 (kU,/L



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - CLAIMS
	Page 54 - CLAIMS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - DRAWINGS
	Page 63 - DRAWINGS
	Page 64 - DRAWINGS
	Page 65 - DRAWINGS
	Page 66 - DRAWINGS
	Page 67 - DRAWINGS
	Page 68 - DRAWINGS

