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Bioinformatics can play an important role in
developing improved technology for the detection
and characterization of food allergens. However,
the full realization of this potential will depend on
the development of allergen-specific databases as
well as improved methods for data mining within
these databases. Examples of existing allergen
databases and analysis tools are described, as are
the most important issues that need to be
addressed in the next stage of database
development.

detection, measurement, and control of food

allergens will depend on improving our ability to
identify and characterize allergenic proteins within foods
and food processing environments. In addition, we will
need more information on how allergens are affected by
processing, cleaning, and sanitation. Bioinformatics will
play an important role in organizing, disseminating, and
analyzing the data necessary for this technology
development.

Bioinformatics can be broadly defined as the application of
computers to the collection, characterization, and analysis of
biological data (1). Thus, bioinformatics encompasses both
the construction of databases and analysis of the data they
contain. Because information about allergy and allergens is
spread among many databases, one of the most important
roles for bioinformatics in food allergen research will be to
develop methods for relating and analyzing data from multiple
sources. The effective use of data from multiple sources
requires an understanding of how each database is designed,
how data integrity is maintained, and the semantic
relationships among databases (e.g., does the term "allergen"
mean the same thing in different databases). Accurate data
analysis requires an understanding of the inner workings of
the tools that can be used to extract knowledge from these
data, particularly when these tools are adapted from other
areas of research.

The development of improved technology for the
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Archival Databases

A great deal of information about food allergens is
contained within large archival databases such as
GenBank (2), the European Molecular Biology Laboratory
(EMBL) database (3), the Protein Information Resource (PIR)
database (4), and PubMed (5). On the one hand, this
information is difficult to locate. For example, many allergen
protein sequences are not identified as such in GenBank (6).
On the other hand, searching GenBank using the keyword
“allergen” results in a large number of immune system
proteins involved in the allergic response (6). Thus, there is no
straightforward way to conduct an allergen-specific (much
less food allergen-specific) data analysis using GenBank or
the other large sequence databases. Similar problems exist
with PubMed. For example, a search using the keyword “Ara
h2” (a peanut allergen) returned 76 hits, of which more than
65 were unrelated to allergy (most of these involved unrelated
genes or chemicals with “ara” as an acronym or abbreviation).
In addition, the archival databases are inconsistent in the
treatment of some data, such as whether the sequences for
alternate alleles are identified as independent sequences.
Therefore, bioinformatic analysis of food allergens requires
the use of specialized databases. Several examples of
allergen-related databases are described below.

Food Allergen Databases

Although a small number of foods account for most cases
of food allergy, many foods have been shown to be allergenic.
Interestingly, only one published work attempts to identify the
less commonly allergenic foods, and this list is not available
on-line (7). Therefore, no comprehensive database of
allergenic foods exists. However, several databases list known
food and non-food allergen proteins. Because all of these
databases were designed to address different problems, they
include different information and illustrate the difficulty of
using multiple data resources in a single analysis. Four
examples of food allergen-specific databases are the
Biotechnology Information for Food Safety (BIFS)
database (6), the Food Allergy Research and Resource
Program (FARRP) database, the Allergome database, the
Protall database, and the Structural Database of Allergenic
Proteins (SDAP; 8). The URLSs for each are listed in Table 1.

The BIFS database is the most straightforward of the
allergen protein sequence resources (6). It contains a list of
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Table 1. URLs of on-line allergen resources

URL

Resource Archival databases
GenBank (Protein sequences via ENTREZ) http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Protein
EMBL (SwissProt/TrEMBL) http://us.expasy.org/sprot/sprot-retrieve-list.html
PIR http://pir.georgetown.edu/
PDB http://www.rcsb.org/pdb/
PubMed http://www.ncbi.nlm.nih.gov/PubMed/

Allergen databases
BIFS http://www.iit.edu/~sgendel/fa.htm
FARRP http://www.allergenonline.com/default.asp
Allergome http://www.allergome.org/index.php
Protall http://www.ifrn.bbsrc.ac.uk/protall/
SDAP http://fermi.utmb.edu/SDAP/index.html

Figure 1. An example of part of the BIFS database showing how accessions are cross-correlated within and
between the archival databases.
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Figure 3. An example of part of the Allergome database showing the links to SwissProt accessions.
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Figure 4. An example of part of the Protall database showing sequences of the epitopes for Ara h1.

accessions for, and links to, food and non-food allergen
protein sequences in the GenBank, SwissProt/TrEMB, and
PIR databases. To insure that the BIFS database contains as
complete a set of allergen sequences as possible, all sequences
containing the keyword “allergen” in the annotation in any of
the source databases and all allergen sequences identified
through literature searches are included. The major strengths
of this database lie in the fact that it includes all accessions for
each allergen protein, including all variants and isoforms, in
each of the source databases and that related sequences are
cross-correlated both within each source database and
between databases. Figure 1 shows an example of part of the
BIFS database. Accessions appearing on a single line are
identical, while accessions for the same protein that appear on
different lines have different sequences. This is the only
database that provides complete correlation among multiple
primary sources.

The FARRP database is also a straightforward allergen
sequence database, providing a single link to a GenBank
accession for each food and non-food allergen or isoform
(Figure 2). The criteria for inclusion in this database are
similar to those in the BIFS database. The greatest strength of
the FARRP database lies in its ability to perform a FASTA
search of a query sequence against the entire database,
including the ability to control some of the FASTA input

parameters. It is not possible to restrict the search to a subset
of sequences (such as only the food allergens).

The Allergome database contains a more limited set of
sequences but adds biochemical and immunological
information. Only molecules that have been shown to cause
an IgE-mediated reaction are included. This database provides
links to EMBL accessions for each molecule (Figure 3). In
addition, the Allergome database provides links to PubMed
literature resources for each allergen. These include papers
related to both the biochemistry of each allergen molecule and
medically oriented publications. Interestingly, the database
contains information on allergenic sources without identified
allergen molecules, but there is no way to access this
information directly. For example, a keyword search for
“maple” returns links to information on exposure and the
notation “No Allergenic Molecules Identified.” However,
there is no way to recover a complete list of such entries. The
major strengths of this database are the ability to perform
Boolean keyword searches and links to sources of
immunochemical reagents.

The databases described above provide links to complete
sequences for each allergen protein. The Protall database
(Figure 4) extends these data by providing epitope sequences,
when these are known. Protall, like the Allergome database,
contains additional information about each allergen, including
links to accessions in both the GenBank and EMBL databases,
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as well as biochemical and clinical information. Although
literature citations are listed, the citations are not linked to a
source database. It is not clear whether this database is
currently being updated.

The SDAP database is similar to Protall in that it provides
links to GenBank and EMBL databases as well as epitope
sequences when known (8). Although there is no structural
information at the site, there are links to several structural
analysis programs and to the Protein Data Bank (PDB) and the

pin
CUPIN

g

Results Proje Views Databanks e
Query '([Inmi_’_réSe_a_:H_'qumi_al:l_] & [InterngScag—I_obNa@;;::tem?_]?“_ found 1 _e_nh'__ieg_ 2
5 10— — = —

o
o)
(o)
Lo
‘ %‘
2 @
L2
Tu sl (=71
2 1)
4 5| §
g 2| E
<o <o
A Ba

Reset

[ InterProScenP43237| pRO0EO4S .

Figure 5. An example of an InterPro query for Ara h1
showing the locations of cupin domains within the
protein.

National Center for Biotechnology Information (NCBI)
Molecular Modeling Data Base (9).

In the future, structural analysis will become as important
(or more important) as sequence analysis for understanding
the physiology and biochemistry of food allergens. Allergen
proteins exist as 3-dimensional structures in foods, they
interact with the immune system as 3-dimensional structures,
and food processing and cleaning treatments may affect this
structure. A search of the PDB in May 2003 using the
keyword “allergen” resulted in 55 entries, including 14 food
allergens, of which 10 were hen egg white lysozyme and 4
were bovine beta-lactoglobulin. Similarly, a search using the
keyword “peanut” found 12 entries, of which 6 were for
peanut lectin. Clearly, there is a great deal of room for growth
in the field of allergen structural databases and analysis.

Data Analysis Resources

Most of the common bioinformatic data analysis tools can
be adapted for use with food allergens. However, it is
important to understand the limitations of each tool and the
effects of any user-controlled parameters.

Protein sequence analysis is used to determine whether a
protein is evolutionarily related to a known allergen, whether
evolutionarily unrelated proteins share short sequence
similarities that might be cross-reactive epitopes, and to
examine sequence conservation within allergen families. The
first 2 forms of analysis are generally carried out by searching
a database with a single query sequence using either FASTA
or Basic Local Alignment Search Tool (BLAST; 1). The
NCBI, the EMBL, and the PIR all provide BLAST searches of
large archival protein databases. However, there is no way to
restrict these searches to allergen sequences or to easily parse
the results to identify allergen sequences in the output. The
FARRP database is the only on-line resource with the ability
to search an allergen sequence database.

In most cases, BLAST and FASTA are used to find regions
of sequence homology in evolutionarily related proteins. This
information is potentially useful in understanding patterns of
allergenic cross-reactivity and in predicting the effects of
processing and other treatments on allergens. Because these
programs were originally designed for this type of homology
analysis, the default parameters are usually appropriate.
However, the on-line versions of these programs are not
suitable for finding very short regions of sequence similarity
that might suggest the existence of cross-reactive epitopes in
evolutionarily unrelated proteins, which is essential for
assessing the potential allergenicity of novel proteins in
bioengineered foods. This type of analysis can only be
effectively carried out using allergen databases and analysis
programs that give full control of parameters such as the
scoring matrix and expectation values.

The third form of sequence analysis, the study of sequence
conservation, can be approached by using a multiple sequence
alignment tool such as ClustalW, a version of which is
available at the PIR (1). In this case, the sequences of a
number of related sequences are aligned to each other, and the
degree of sequence conservation at each site in the sequence is
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determined. It may be possible to correlate sequence
conservation with allergenic cross-reactivity to identify
immunologically important regions of the proteins.

Future Directions

Food allergen databases have the potential to become
important resources for understanding the properties and
behavior of known allergens and for predicting the allergenic
potential of novel food proteins. However, full realization of
this potential will require improved allergen-specific
databases and better methods for integrated analysis. For
example, each of the allergen sequence databases described
above uses different criteria for determining which sequences
to include. It should be possible to develop a common
vocabulary that can be used in all allergen databases to
indicate why each entry is present in each database, and the
degree of certainty associated with that determination.
Similarly, common vocabularies are needed for the various
clinical and epidemiological concepts that are included in
some allergen databases.

The two most important short-term improvements in
allergen databases will be the inclusion of information about
epitope sequences and establishing links between the allergen
sequence data and structural databases. The description of
allergenic epitopes is another example of an area where a
common vocabulary is needed to identify the method(s) used
to locate each epitope.

An increasing number of protein structural databases are
becoming available, and (as described above) linking the
allergen-specific databases to these resources will become
increasingly important. For example, in addition to sequence
homology, proteins can share similar structural domains and
therefore be considered members of the same protein family.
Because proteins interact with the immune system as
3-dimensional structures, the ability to place a protein within a
family is potentially useful for understanding allergenicity.
Although there are a number of different protein family
classification systems and databases available, integrated
access to many of these can be obtained through the interPro
database (10). Figure 5 is an example of a domain scan for the
peanut allergen Ara hl from EMBL.

Full realization of the potential for bioinformatic analysis
of data on food allergens will depend on encouraging
on-going coordination between different databases. Although
it is neither necessary nor desirable to construct a single

allergen database, it is desirable that each be designed and
constructed using a common vocabulary and that methods be
developed for coordinated analysis of these databases, and
perhaps for using these databases as focused points of entry
into the large archival databases.
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