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In silico identification of epitopes from house cat and dog
proteins as peptide immunotherapy candidates based on
human leukocyte antigen binding affinity
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Summary

The objective of this descriptive study was to determine Felis domesticus (cat) and Canis familiaris (dog) protein epitopes that
bind strongly to selected HLA class Il alleles to identify synthetic vaccine candidate epitopes and to identify individuals/populations
who are likely to respond to vaccines. FASTA amino acid sequences of experimentally validated allergenic proteins of house cat and
dog were identified using International Union of Immunological Societies (IUIS) allergen nomenclature database. NetMHCII 2.2
server was used to determine binding affinities in the form of 1-log 50 k and in nM with commonly found HLA 11 alleles. Screening
of house cat and dog allergenic proteins identified 4 (with 2 isoforms for chain 1 and 3 isoforms for chain 2 for fel d 1) and 6
proteins, respectively. Number of strong binders from each protein against each HLA type was determined as potential candidate for
allergen immunotherapy. HLA-DRB1°0101 bound maximum number of epitopes (207 and 275 from house cat and dog, respectively)
while HLA-DRB1°0802 bound none. We conclude that HLA specific epitope prediction can help identify synthetic peptide vaccine

candidates and predict response as well.
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Introduction

Allergic diseases are increasing worldwide and an
allergic family history is one of the strongest risk factors
for childhood allergy (Lowe et al., 2004). Some studies
(Asher et al., 2006) strongly suggest that environmental
factors also play an important role. Although pets are
known to aggravate asthma, allergic rhinitis, and eczema
in sensitized individuals (TePas et al., 2006), controversy
remains about whether early life pet exposure is a risk
factor or a protective factor in their development. Current
guidelines issued in Australia (Prescott and Tang, 2005),
the United States (Expert Panel Report, 2007), and the
United Kingdom (Douglas et al., 2008) and by the
Global Initiative for Asthma (Bateman et al., 2008) all
agree there is currently insufficient evidence to provide
any recommendations in relation to pet. Sensitization to
animal allergens is one of the most important risk factors
for developing allergic diseases such as asthma, rhinitis
and atopic dermatitis, particularly in occupationally
exposed workers. The sensitization phase involves
processing and presentation of inhaled aeroallergens to T
lymphocytes with activation of Th2 cells. The release of
Th2-mediatedcytokines (IL-4, IL-5 and IL-13) leads to
IgE synthesis, mast cell degranulation and eosinophilic
response (Agarwal, 2009). T cells recognize this antigen
when presented with human leukocyte antigen (HLA)
complex on the surface of antigen presenting cells. HLA
alleles show differential binding affinities for various
epitopes in antigens, and this determines the basis of
protective response against foreign antigens by the
individual. This differential binding is due to allele
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specific amino acid composition and thus distinct
polarity and stereochemistry of antigen binding pockets
on HLA molecule (Tipu and Ahmed, 2014; Tipu et al.,
2014). As of Jan 2016, 3356 HLA-A, 4179 HLA-B, 2902
HLA-C and 1976 HLA-DR alleles (besides other HLA
class | and 1l loci) have been identified (HLA
Nomenclature, 2016).

Short synthetic peptides are being evaluated for use
as vaccines for autoimmune and allergic disorders. Their
use allows delivery of epitopes of allergens to T
lymphocytes for generation of immune response. These
also carry the advantages of low cost, easy purification
and good stability, characteristics that are difficult to
reproduce in allergen extracts (Moldaver and Larche,
2011). This “vaccinomics” approach is already being
employed in designing bacterial and viral vaccines
(Whelan et al., 2013). Until recently the use of peptides
has been restricted to cat allergy, ragweed allergy and
bee venom, with varying success (Sirskyj et al., 2011).
For a peptide to be a successful vaccine candidate, it
must first bind to HLA molecules in order to be
presented to T Ilymphocytes for immune response
generation (Sirskyj et al., 2011).

In this study we aimed to first identify experimentally
validated allergenic proteins from online databases for
two species of pets, house cat and dog. Peptides from
these allergenic proteins were analyzed for their binding
with representative HLA-DRBL1 alleles using artificial
neural networks method. Since helper T cells response
and B cells stimulation for antibody generation require
presentation with HLA class Il alleles. However, it must
be emphasized that ultimately such predictive in silico
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work needs to be confirmed through in vivo experiments
(Sirskyj et al., 2011).

Materials and Methods

This descriptive study was carried out in Januray
2016 at Armed Forces Institute of Pathology (AFIP),
Rawalpindi, using specific databases and tools. Felis
domesticus (cat) and Canis familiaris (dog) were
screened for identified allergenic proteins using
International Union of Immunological Societies (IUIS)
allergen nomenclature database (Allergen Nomenclature,
2016). FASTA format of all these revealed proteins (and
their nucleotides) were saved for further analysis. The
FASTA sequences for each individual protein were fed
into NetMHCII 2.2 server from Technical University of
Denmark. This server breaks the amino acid sequence of
tested protein into 15 amino acid peptide sequences and
predicts binding of each peptide sequence to most
commonly found HLA alleles, using artificial neural
networks. This server has been reported to provide very
good binding results in predicting HLA-DRB1 locus
(Wand et al., 2010). For our study we analyzed only
HLA-DRBL1 locus. It gives affinity of peptides with HLA
alleles in the form of 1-log 50 k and in nM, with higher
and lower values indicating stronger binding,
respectively (Nielsen et al., 2007; Nielsen and Lund,
2009). The affinity of each allergenic protein was tested
for binding with HLA-DRB1°01, 03, 04, 07, 08, 09, 11,
13 and 15 with HLA DRB1°0101, 0301, 0401, 0701,
0802, 0901, 1101, 1302, 1501 as representative alleles.
From the results, strong binders (peptide sequences
binding strongly with respective HLA alleles) were
determined with affinity threshold value of less than 50
nM.

Results

Both the F. domesticus and C. familiaris belong to
Animalia chordate of Carnivore order. Screening F.
domesticus in IUIS database revealed 4 allergenic
proteins (with 2 and 3 isoforms of chain 1 and chain 2,
respectively for fel d 1 protein) belonging to different
families, for which both nucleotide and peptide sequence
is available. Similar screening for C. familiaris revealed
6 allergenic proteins. These proteins along with their

Table 1: Allergenic proteins identified in IUIS database

biochemical names, GenBank nucleotide 1D and Uniprot
ID are shown in Table 1. Table 2 summarizes
individually, the number of high affinity epitopes of each
allergenic protein (mentioned above) against re-
presentative HLA alleles and represents results of steps 3
and 4 in “Materials and Methods” section. Figure 1
shows total number of epitopes in all proteins to which
our representative HLA alleles show high binding. It is
evident that HLA-DRB1°0101 binds maximum number
of epitopes from allergenic proteins of both species while
HLA-DRB1°0801 binds none. Exact amino acid
sequence of allergenic epitopes and their corresponding
binding HLA alleles are available upon request. For
example, C. familiaris Can f 2 protein has an epitope
starting at 80th position, GQCEKVSLTAFKTAT. It
binds strongly with HLA-DRB1°0101 with affinity 31.3
nM. Figure 2 shows 3-D structure of protein with this
epitope highlighted.

Discussion

Antigen presentation to T cells by HLA molecules is
the key step towards the development of an antigen
specific immune response. Specific HLA alleles
influence specific IgE responses to airborne allergens
(Park et al., 2012). Determining this genetic association
can help identify individuals at risk of developing
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Fig. 1: Number of high affinity epitopes of Felis domesticus
and Canis familiaris binding to representative HLA alleles

S No. Allergenic protein Biochemical name

GenBank ID Uniprot ID

Felis domesticus

1 Feld1 Uteroglobin M74952 (chain 1), M77341 (chain 2) P30438 (chain 1), P30440 (chain 2)
2 Fel d 2 Serum albumin X84842 P49064

3 Feld 3 Cystatin AF238996 Q8WNR9
4 Feld 4 Lipocalin AY497902 Q5VFH6
Canis familiaris

5 Canfl Lipocalin AF027177 018873

6 Canf2 Lipocalin AF027178 018874

7 Canf3 Serum albumin AB090854 P49822

8 Canf4 Lipocalin GU132996 D7PBH4
9 Canf5b Arginine esterase Y00751 P09582
10 Canf6 Lipocalin HE653774 H2B3G5
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Table 2: Number of strong binders in each allergenic protein against representative HLA allele

Allergenic protein

HLA 1 allele

0101 0301 0401

0701 0802 0901 1101 1302 1501

Felis domesticus

Fel d 1 chain 1
Isoform 1 21 1 0 6 0 3 0 4 7
Isoform 2 14 1 0 6 0 3 0 4 7
Fel d 1 chain 2
Isoform 1 18 6 4 8 0 0 0 2 0
Isoform 2 19 6 4 8 0 0 0 2 0
Isoform 3 19 6 4 8 0 0 0 2 0
Feld2 74 4 12 38 0 16 43 0 22
Feld3 19 4 0 6 0 0 7 5 12
Feld 4 23 5 5 9 0 5 7 7 0
Total epitopes identified 207 33 29 89 0 27 57 26 48
Canis familiaris
Canfl 41 0 8 11 0 0 19 10 0
Canf2 41 0 20 14 0 8 7 2 16
Canf3 89 8 10 42 0 17 57 0 15
Canf4 43 8 12 22 0 1 16 20 12
Canf5b 41 0 0 25 0 5 19 8 0
Canf6 20 12 9 10 0 4 2 19 11
Total epitopes identified 275 28 59 124 0 35 120 59 54

Fig. 2: 3-D structure of can f 1 allergenic protein, showing
epitope  GQCEKVSLTAFKTAT highlighted in yellow
(adopted from PDB ID 3L4R, modified in NCBI Cn3-D
structures)

different disorders (Tipu et al., 2011). Determining the
binding of a peptide to HLA alleles aids designing
synthetic peptide vaccines. This bioinformatics approach
is known as “reverse vaccinology” and has arisen
because conventional experimental approaches are
extremely laborious, expensive and time consuming.
“reverse vaccinology” involves computational methods
to identify all potential candidate immunogens from
genome of a pathogen/allergen. Once appropriate
vaccine candidates have been identified, genes of interest
can be cloned to produce corresponding protein.
Subsequent in vivo and in vitro testing can further
validate potential use in specific population (Tomar and
De, 2010).

In total we were able to identify 516 (from 4
allergenic proteins) and 754 (from 6 allergenic proteins)
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15mer peptide sequences from F. domesticus and C.
familiaris, respectively, that showed strong binding to
HLA-DRBL1 alleles. These epitopes are candidates for
wet laboratory testing of synthetic peptides for allergen
immunotherapy. Reduction of nasal symptoms after
treatment with synthetic peptides from cat proteins has
recently been reported (Hafner et al., 2013). Worm et al.
(2011) have wused seven experimentally validated
peptides of varying lengths from fel d 1 protein for
designing peptide vaccine. All of the peptides (from fel d
1 only) they have tested have been found to be strong
binders by us, although length of peptide may vary by
few amino acid residues. Oseroff et al. (2012) have
validated in vitro 133 different allergens including those
from house cat and dogs. They found several of the
15mer peptide sequences from fel d 1, fel d 2, fel d 3 and
can f 3 that showed T lymphocyte stimulation in vitro.
All of these peptides have also been found as strong
HLA binders in our results.

We also found that HLA-DRB1°0101 could bind the
maximum number of epitopes and DRB1°0802 is not
able to bind any epitope in either species. All other
alleles showed variable binding affinity as depicted in
Table 2. Its implication lies in designing the
individualized immunotherapy as peptide vaccines
according to HLA types dominant in a population. In
fact, peptide vaccines restricted to HLA types for
different types of cancer are already in place (Berlin et
al., 2014; Sonpavde et al., 2014). HLA restricted
epitopes have also been found useful in peanut allergy
subjects (Prickett et al., 2013). Similarly Immonen et al.
(2005) have determined seven epitopes from can f 1
protein suitable for allergen immunotherapy according to
seven commonly found HLA types. Our study was
limited by the fact that we tested the peptides in silico
only. However, these results identified specific peptides
according to HLA types for individual allergenic proteins
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for in vitro and then in vivo experiments.

This article  highlights  the integration  of
“immunoinformatics” and “vaccinomics” for deter-
mining candidate peptide sequences from experimentally
validated allergenic proteins of two common pets. These
computationally determined epitopes will provide the
basis for in vitro and then in vivo experiments as
potential vaccine candidates. Our results also show that
individuals are likely to respond to these epitopes
according to their HLA types and provide a base for
tailored immunotherapy.
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