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Background

An epitope can be defined as a group of amino acids derived from a protein antigen that
interacts with antibodies or T-cell receptors, thereby activating an immune response. Epitopes
can be classified as either continuous or discontinuous. Continuous epitopes, also known as
linear or sequential epitopes, are composed of amino acid residues that are contiguous in their
primary protein sequence. Conversely, discontinuous epitopes, also known as assembled or
conformational epitopes, are composed of amino acid residues that are typically present in
different protein regions, but which are brought together by protein folding. Recognition of T
cell epitopes typically depends upon processing of antigenic proteins, and as a result T cell
epitopes are usually continuous. B cell epitopes, often recognized in the native protein context,
may be either continuous or discontinuous.

Pathogenic proteins, in general, and epitopes in particular, are often variable. The degree
of variability or similarity of specific proteins or protein regions can provide important
information regarding evolutionary, structural, functional, and immunological correlates. Given
a set of homologous proteins, phylogenetic relationships can be constructed and used to calculate
the evolutionary rate at each amino acid site. Regions that evolve slowly are considered
“conserved” while those that evolve rapidly are considered “variable”. This approach is widely
used in sequence conservation identification and mapping programs such as ConSeq [1] and
ConSurf [2, 3]. However, to fully describe and characterize protein and/or epitope variability,
measures of identity and conservancy are typically utilized. Identity refers to the extent to which
two amino acid sequences are invariant, and is measured as the percentage of identical amino
acids in the alignment of two sequences. Conservancy is defined as the fraction of protein

sequences that contain the epitope considered at or above a specified level of identity.



Conversely, the fraction of protein sequences that contain the epitope considered below a
specified level of identity reflects the degree of variability or uniqueness of the epitope.

Amino acid residues that are crucial for retention of protein function are believed to be
associated with intrinsically lower variability, even under immune pressure. As such, these
regions often represent good targets for the development of epitope-based vaccines, as the
epitopes targeted can be expected to be present irrespective of disease stage, or particular strain
of the pathogen. Furthermore, these same residues are often highly conserved across different
related species, such as, for example, has been found in several instances in the context of the
poxviridae [4]. As a result, a vaccine containing such conserved epitopes might be effective in
providing broad-spectrum protection. Conversely, in a diagnostic and disease monitoring
setting, epitopes that are specific to a given pathogen can be used to monitor responses to that
particular infectious strain, removing the confounding influence of immune responses derived
from previous exposures to partially cross-reactive strains or organisms.

Herein, to assist in the selection of epitopes having a desired level of conservation or,
conversely, variability, we have developed an epitope conservancy analysis tool. The tool has
been specifically designed to determine the degree of conservation or variability associated with
a specific epitope within a given set of protein sequences. Despite our emphasis on epitope
identification contexts, it is also apparent that the tool can be utilized for other purposes, such as
tracking mutation of epitopes during disease progression. This tool was implemented as a
component of the Immune Epitope Database and Analysis Resources (IEDB) [5-7] and was used

in predicting the cross-reactivity of influenza A epitopes [8].









capacity to simultaneously align and assess the degree of conservation/variability of each
epitope, and can perform these functions for both linear and discontinuous peptide epitope
sequences.

For the purpose of developing cross-reactive vaccines that aim toward highly variable
pathogens, the use of conserved epitopes across different species is desired. Nevertheless, care
should be taken to avoid selecting epitopes that are conserved between the pathogen and the host
as this could lead to undesirable induction of auto-immunity. Moreover, extremely conserved
epitopes between species are sometimes less immunogenic because they may be derived from
proteins that resemble similar proteins in the host. As a result, they are less likely to be
recognized by T cells due to self-tolerance. It should also be emphasized that conservation at the
sequence level does not assure that the epitope will be equally recognized and cross-reactive.
This is due to the differences in the antigen sequences from which the epitope is derived. For T
cell epitopes, whether they will be processed in the first place is determined by flanking residues
that are different for different antigens. Therefore, the same epitope sequence from different
antigens may or may not be generated to subsequently presented and recognized by T cell
receptors.

In the case of B cell epitopes, their recognition by an antibody is dependent on the
antigen 3D structures. A sequence-wise conserved epitope may not be structurally conserved as
it can adopt different conformations in the context of the antigen structures. Exposed amino
acids as opposed to buried amino acids are more important in determining the immunogenic of a
given segment of peptide. It is because only exposed residues, as observed in antigen:antibody
co-crystals, can form contacts with the complementarity determining regions (CDRs) of the

corresponding antibody. Those residues that are recognized by a single antibody are often
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FIGURE LEGEND

Figure 1. An overview of the epitope conservancy analysis tool.
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Table 1. Example conservancy analysis of a continuous sequence

Reference sequence! Identity2

Source F L P S D F F P S V | No. (%)
Strain 1 Y L P S D F F P S 1 8 (80)
Strain 2 F L P S D F F P S V| 10 (100)
Strain 3 R L P S K Q F P S V 7 (70)
Straing | Y E P'T D F F P S V| 7 (70
Strain 5 F L P T D F F P S V (o] (90)
Strain 6 F L P T D F S F T V 6 (60)
Strain 7 F L P S D F F P S V| 10 (100)
Strain 8 Y E P S E F S F S 1 4 (40)
Strain 9 F L P S E F F P S V 9 (90)
Strain 10 F L P S D F F P S V|10 (100)
Total: conservancy at identity threshold >80% 6 (60)
Total: variability at identity threshold <80% 4 (40)

1. Residues that are different from that of the corresponding residue in the reference sequence are
highlighted with red shading.
2. Identity indicates the number (%) of residues in the homologous sequence that are identical to
the corresponding residue in the reference sequence.

3. Totals indicate the number (%) of strains in which the reference sequence is found with an
identity above or below the indicated threshold.
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Table 2. Example conservancy analysis of a discontinuous sequence

Reference sequence! Identity2

Source X X X X X No. (%)
Strain 1 Y L P S D F F P S 1 3 (60)
Strain 2 F L P S D F F P S V 5 (100)
Strain 3 R L P S K Q F P S V 2 (40)
Strain 4 Y E P T D F F P S V 4 (80)
Strain 5 F L P T D F F P S V 5 (100)
Strain 6 F L P T D F S F T V 4 (80)
Strain 7 F L P S D F F P S V 5 (100)
Strain 8 Y E P S E F S F S 1 1 (20)
Strain 9 F L P S E F F P S V 4 (80)
Strain 10 F L P S D F F P S V 5 (100)
Total: conservancy at identity threshold >80% 7 (70)
Total: variability at identity threshold <80% 3 (30)

1. Residues that are not defined in the reference sequence are highlighted with gray shading.
Residues that are different from that of the corresponding residue in the reference sequence are
highlighted with red shading.

2. Identity indicates the number (%) of residues in the homologous sequence that are identical to
the corresponding residue in the reference sequence. Residues highlighted with gray shading are
not considered in calculating the identity because they are not defined in the reference sequence.
3. Totals indicate the number (%) of strains in which the reference sequence is found with an
identity above or below the indicated threshold.
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