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Information Management for the Study of Allergies
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Absirace: Microarrays ond other large-scale seéreening techraloghes produce quantities of inéieasingly complex
ablergy data. These data link molecular and clinscal measurements and obscrvations snd provide fenmile ground for
improving our understanding of the processes involved im allergic reactions. Information technology is cmployed in
gathering, storage, retricval and analysis of these data, The increasing proportion of allergy dala are penerated from
genomics and proteomics approsches. The major acivity locuses on charscteriztion of alflergens including Igk
reactivity, sruchural properties, and rn.lppml of IgE and Twcefl cpitopes. Because of e complexity of allergy data,
their utilizstion reg hioinda 168 approaches. Albergen data are stared in the gemeral and specialist dalabases.
Al leass a dosen of impaonant allergen dmabases and data repositories have been developed to date. These data are
amalywed wiing general and specialist bivinformaics wools, The major applicatbons of bioknformatics inchade suppon
lar allergen characterization. assessment of allergenicity, and identification of allergic cross-reactivity. These
applacations im furn suppon the development ol vaccines and therapics for l|l-n"h: disease. In this anticle we neview
adlergen databases and tools for the amalysis of allergens, and discuss the new directions in the Ticld supporied by

large scale screeming involving genomics, prolsomics, amd bloinfommatics suppont.
Kevwords: Allerpen datshases, allergenicity predsction, allergic crodd-reictivity.

INTRODUCTION

Allergies represent & major health problem in the
deveboped world and affect, in some Torm, up 10 one thisd of
the general population [1]. The majority of enviranmental
antigens are well-iolerated, but in some individuals these
antigens can induce aberrant activation of immune pathways
resulting in allergic responses. Allergy is a type of
hypersensitive reaction of an ofganism 1o antigens which are
normally harmless in other people who expenience similar
quantily and exposure. Although our understanding of the
immune regulation is rapidly increasing, the fine details of
the processes leading to allergic reactions are still unknown.
The most impertant faclors affecting allergic disease ane
genethe predisposition and environmenial elfects such as
exposure 10 allergens, wir pollution, infections, and diet
Improved understanding of immune pathways, molecular
components, and cellular effects of allergic responses is
essential for the development of new allergy drugs and
treatments. These developments wall increasingly depend on
the access 0 accurale and comprehensive data on molecular
processes involved in allergic reaction and related elinical
ohservalionm.

Allergy-related data [2] and the overall body of allergy
knowledge arc incteasing rapidly, The advances in
infocomm technologies enable instand access to these data as
well as sophisticated analyses, Technological advances in
genomics [, 4], and proteomics 3] enable large-scale
sereening of allergy relsted genes and their products. These
new dma, large in numbers but not well explained, keep
stimullating the developments in both information
management (beinformatics) and traditional allergy research
aimed ot more detniled charsctenzation of the allergic
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of allergy-related data and improving the efMiciency of
allergy research. They provide essential support for
generation and interpretation of daia generated by large scale
screening [rom genomics and profeomics projects [6],
allergen characterzation [7]. and T-cell epitope screening
[E], among others. Allergy-related data are growing in both
quantity ard complexity.

Allergens originate from the natural environment or from
chemical comaminations. The most frequeent nasural allergen
sources e from pollen, mould, fungi, bacteria, house dust
mites, epidermis of house pets, food products, amd insect
venom. The allergens originating from the natural
environment are usually proteins of molocular weight greater
than 10 KD, Many allergens are very stable and are resistant
o pH changes and high temperature, although there are
exceptions. Protein allergens belong to sirectural families
that share sequence similarity, which forms a basis for the
study of allergenicity and and allergic efoss-reactivity.
Modern allergy research lasgely depends on the rapid mecess
10 daa sources and advanced tools for the analysas of data,
Allergen-related data are seattered across vanous molecular
datsbases, bui their annotations typically lack =zllergy-
specific annolations. A number of specialized databases have
appeared in the allergy febd over the last few vears (1]
Hivinformatic tools are wsed t0 probe daiabases for analysis
and comparison of sequences, struclure, and fumcthonal
prapeeties [9]). The sequence analysis and comparison fools
are used for classification and analysis of confirmed and
potential allergens. Predictive wols are used 1o support
structural and functional characterisation of genes and
proteins, targeting those with allergenie patential.

The informatics revolution is graduaily changing the
science amd practice of allergology, Allergy informatics
provides a basis for imtegration of the research and elinical
arms of the field and also provides support for risk
asessment, dizgnosis, and therapy for allergic discase, The
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accumulation of dota and iformanion contains clues for
understandung the roles of genes and peoteins in allerges.
This information i5 comples and includes simple and
network intersciions, and pathways involved in the
development and progression of allergic disease. Three
major aspects of allergy data menagement are developing
fast, They mclude dma gencralion, storage and retricval
{databases), and computational amalysis tools. This article
contains & review of the bisinformatics framework for
allergen rescarch and a discussion of future developments in
the e,

ALLERGY-RELATED IATA

Allergy-related data are generated from o varety of
sources. Bioinformatics are particularly important for data-
miemsive lechnobogies. Ths review locukes on four felds af
allergy redcarch that ane dependent on bioinformaties for
data  pgeneralion:  genomics, proteomics,  allergen
characterizalion, and T-cell epitope serecning,

Crommmics

Genomics refers to the simultancous study of the
structure and Tunction of large numbers of genes — their
structure, function, regulation, ond irteractions. Microarmays
(¢DMA or ohigonucheotide) are used for detection of gene
eapression (rom samples that represent specific tsawes and
specilic conditons, Cytokings, chemokines, ¢ytokine and
chemikine receptors. major histocompanbilily comples
molecules, ond various transeription factors play rokes in
allergic reactions, and thus represent moleculur targets for
ireagmeius (6], The familial aggregation of allergic discase
indigates the importance of genetic Factors in allergic discase
[4]. Genomics helps our understanding of the molecular
mechamsms of allergic disease, by helping decipher the
comples interplay of genetic and envirenmenizl fagtors
through careful selection of disese and control samples.
Distingl gene expression profiles have been identified in T
hetper cells of types | and 2 [10] and differeminl expression
of penes was observed in allergen-specific Th2 cells [11].
DA arrays kave been used for ienification off altered, as
compared 1o heahhy subjects, gene expression in peripheral
blood mononuelear cells frona asthma and allergy patients
12, Simitlar studies helped identify susceptibility genes for
allergic discase in expenmemtally nduced allergies [13].
More than twenly susceptibility loci for allergic discase have
beenn idennlficd |see 6] providing a Tertile geouind fos he
analysis of related genes and network-type interactions.
(Higomugieotide microarmays used in a study of the complete
teaiseripl of human mast eclls helped bdentily selective
expression of nearly 1 iranseripis that have potential role
in allergic milammaton [14]. The comparison of specific
cDMA with penommic sequences was used for the study of
gene families which helped characterization of a major
peani allergen Ara h 2 [15]

The huge quantity of data prodused by struciural,
funetional, and comparstive genomies require bioinformatic
analyses For their interpretation. Bioinformatics toolks ore
essentia] for wennfication of sansucally significan changes
in perne expression, poise Tlering, and co-variation. Several
methods for microammay analysis have been described in [16),
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Combined winth ether methods, microarrays provide a
platform for linking genetic variztion, phenotype factors,
environmental conditions, and various time poinis in the
study of allergie disease.

Proteamics

Prateomics 15 the study of proteins focusing on 3 large-
scale adentification of their saructures and functions |see 17].
PFroteomics is much more complicated than genomics
becaise praten expresson 1§ constantly changing and it will
vary depending on the localization, time, and physiologscal
conditions. Protomics approaches including separation
techdigiees, iass ngesprinting and bioiaformatics analysis
were used for rapd idemification of |gE-binding proteins
from complex mixtures of Japanese cedar pollen proteins
[18). This and similas studies have clearly shown that a)
allergen vananon 15 far greater than currenmtly capiured in
Iitgrature and databases, b) a significant praporion of protein
allergens from mixed allergen sources has vet to be
identified. and ¢} individuals show distinctive response
patterns v allergen mixtares, Mew allergens can be idemified
using sern of allergic individunls followed by protein
identificanon [e.g. 19]. Proweomic sechnisques are sull at early
stages, bul the potential for generation precise dala on
allergens, allergen wvaristion, snd individual allergic
responses i enommous [20]. The combination of genomics
and proteomics dala and sophisucated bipinformatics and
stmistical tools will enable concurrent analvsis of genetic,
phenotypie, 2nd environmental factors. This resulis will help
translate molecular level results 1o ¢linical applications in
bath diagnostic, monitoring, and therapeutic applications.

Allergen Characterigation

Proteomic approaches enable the imitial identification of
allergens, their varnams, and individial response patterns.
Additional investigations ase required for funher assessment
of allergenic potential of proteins. The studies of protein
allergenic potential focus on thiee main aspects, the inherent
prolein allergenicity, allergic cross-reactivity. and clinical
symptoms. [21]. The inherent allergenicity is the likelihood
that a particulor allergen would mduce an lgE antibody or a
T-cell epitope. Mapping of boih B- and T-cell epitopes [22,
23, 24, 28] Focus on defining recognition sites on allergens
and can be done on a barge scale. Allesgic cross-reactivity is
the ahility of an IgE clonotype or o T-cell clone, which were
induced by one allergen, 1o react with a different allergen.
Studies of insect venom allergens indicate thal cross-
reactivity would typically ocurr between allergens that share
more than T0% sequence identity [26]. Allergic eross-
reactivity has been explored for definition of
immunotherapies in food allergy, but those studies are
complicated and results are often conteroversial [27]. These
studies require careful design including double-blind,
placebo-controlled trials 28] and the results should be used
with caution. Studies of inherent allergenicity and cross-
reactivity have applications in the development of allergy
immunotherapies and vaccines (29, 30, 31, 32, 33]
Extensive clinical and functbonal data for common allergens
have been reported and can be found m literalure and public
databases,
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Allesgen churscterization for a single individual can be
done directly, but comprehensive sercening  and
characterieation of allergens, their isoforms, and erosreactive
allerpens is expensive and limited by the availubility of sera.
Minttuarisation  of microarrrays and  recombinant
technologies [23) will help improve the efficiency of
sereening, but the number of isoforms and eross-reactive
targets wall also keep increasing complicating the analysis.
Although allergenicity 15 @ property of o protein only when i1
comes in contact with an ollergic individual, e mvolves
complex interactions between the allergen and the immune
system, some alicrgens have high prevalenge of responses in
allerpic individuals, According to the Intemational Union of
Immunological Socicties (IU1S) Allergen Nomenclature
Commattee: recommendations (www.allergenorg), allergens
with o prevalence of IgE reactivity above 346 are included in
the nomenclature. The generally accepted respective terms
“major and “minee” allergens describe those allergens that
indisce response in >50% or <30% of lested patients with the
allergen=specific 1gE in the given test-system [34].
Deermination of IgE prevalence is subjeci 1o some
uncertainty since il includes different test-system and criteria
far selection of patients, geographee reglon, environmental
hakits and conditions, among others and the recommendation
is the inclusion of a substantial number of paticnts in the
analysis [34], Some proteins are inherently more allergenic
than other proteins and the challenge is the identification of
struetural properties of allergens. that confer albergenicity amd
allesgic cross-reactivity. [dentification of allergeme
determinants is subject 1o vigorous research. Allergens must
contain © minimum Bgell cpitopes, the binding sites of [gE
can bind, and T-cell epitopes that induce T helper type 2
responses. Additional properies include stability, cenain
post-iransintional modifications, and possible enzymatic
mctvity [35].

Hecause of the eritical involvement of B-cell ephiopes,
prosein allergenicity is determined by s three-dimensional
(30 structure. Understanding of allergen structure thus is
important  for deciphering the molecular basis of
allergenicity. A study of known protein folds of 40 allergens
suggested that a general structural feature responsible for
allergenicity did not exist [21]. However some common
structural features have been determined an allergens. For
cxample, 3 common structural mout comprising a groove
located inside sn alpha-beta molif has been dentified within
diverse allergens (dust mite allergen Der p I, cysieine
protease papan, hpocalin Mus m 1, and ragweed allergen
Amboa 8) [36]. In additien four major structural fameilics that
potentially conferred allergenicity have been wdentified [2h])
u) antiparallel beta-strands: the immuneglobulin-fold family
[grass group 2. mile group ), serine prodcases (mite group 3,
6, and 94, and soyhean-type inypsin inhibior (Cle e |, grass
group |15 by antiparallel beta-sheets intimately associated
with ¢ne o moee alpha-helices: (ree groep 1, lipocalin,
profilin, aspariate proicasé (cockroach group 2) e)
falpha=beta) structures, m which the alpha- and beo-
structural clements afe ol inlimately associated: mile group
1, lysozvme/lacialbumen, vespid group 5 and d) alpha-
helical; nonspecific lipid transfer protein, sced 25 protein,
inscet hemoglobin, fish parvalbumin, pellen catmoduling
melliin from bee venom, Fel & 1 chain |, and serem
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wlbumin, Larger mmmber of allergen wiructunes is currently
been assembled in the SDAP database [37].

The unknown 3D structure of allergens can be inodeled
from homology to proteins of known strictuse is known, For
example, the Der p | dust mite allergen, modelied upon the
known structure of cysteine peleingies |38), eat evstatin
wid madelled upon human cystatin structure [39). and the
Bloi 13 alkergen of the Blomia ropicalis mite was modelled
upin cylosolic Npid ranspon prosens |40

Sereening of Allergenic Epitopes

Bath Bcell and T-cell epitopes ane essertial determinants
of allergenic responses and are ampostant for understanding
allergenic potential of o protein. A number of studics
reported systematic identification of both lincar and
conformational B-cell IgE epitopes on allergen surfaces,
inclading Asp 4 (fungih [41]. Hev b 6 (rubber) [52], Jug 1 ¢
(walnut) [43], Chi 1 1 {midget [44). Cry | and Cey 2
{Japanese cedar) |15]. among sihers. Mutagenesis studies of
IgE epitopes are used for finding low-allergenic vartams and
minimization of allergic cross-reactivity [43]. 1gE epitopes
were shown 1o dilfer between patients and ore highly specific
for individuals [18, 22, 48], making engiseenng of
hypoallergens a difficult nask. The stwdy of overlapping
peptides from peanut allergens Ara hi, Ara b 2, and Ara k3
with sers of 77 patients and |5 eontrols shiwed that 97% of
patients had IgE specific for ot lexss one ol these allergens,
amd B7% showed detectable responses o linear epitopes
[22). Microarray technology using recombinant allergens is
cxpecied to replace fesis with crude natural extracts and
allow comprehensive analysis of individuzl IgE reactiviy
profiles [4). [gE epitope prediction s mainly based on
siruciure modeling [45] or sequence similarity [37].
Krowledge of the structural requirements for effecior cell
activation may also be used far conversion of allergens intoe
hypoallergenic immunotherapeutics by reofientation of IgE
gpitopes [47), Computational predictions of |gE epitopes are
still at very early stages. and microsmay-hased sdentafication
w5 currently the methiod of ehoiee for thewr mapping.

CId+ T helper | (Thi} cells produce cytokines that
activate macrophages and ore involved in delayed-type
hypersersativaty, while Th2 cells mediate antibody responses
[4%] and are important for lgE-medisted allergic
infammatory responses. Allergen-specific T-cell clones
have been studicd and T-cell epriopes have been identified
for a variety of allergens [49). However, this information s
often of limited use because the human leukocyte antigen
{HLA - human MHC) specificity of these T-cell episopes
has nat been identified. HLA molecules show huge diversity
with than 500 variants of HLA-DR, -DP, and <D0 molecudes
charscterized 1 date [50]. Human idividuals have different
combinations of HLA molecules and T-cell responses of
individuals will aften target different T-cell epitopes, even of
they share the same HLA allgles. The influence of HLA 10
albergic responses 18 even more complicated becouse certain
HLA alleles have been reported 10 confer suscepiibility or
prolection against specific allergies [31], Experimemtal T-cell
epitope mapping invalves binding or functional assays of
multiple overlapping peprides. Systemaie T-cell epitope
mapping of an allergen requires an extensive experimental
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effort even for a study of a single HLA molecule. The
systematic experimenial characterisation of T-cell epitopes
of a particular allergen for multiple HLA molecules is
impractical and these swudies are generally performed
through combination of computational predictions and
experimental validation [8]. However, highly promiscuctes
T-cell epitopes have been identified in allergens [51] and
some of them ase involved in allergic cross-reactivity [25],
Such promiscuous T-cell epilopes are promising targets in
the design of immunotherapies for allergy. Computational
prediction metheds significantly reduce the number of
experiments required for mapping of T-cell epitopes.
Binding of peptide to a HLA molecule is a prevequisite for
T-cell recognition and thus can be used for prediction of
candidate T-cell epitopes [53]

ALLERGEN DATABASES

The diversity and quantity of allergy-related dats s
increasing, mainly from the microarray and oiher large-scale
sereening studies. Climical end functional dats fod commman
allergens have been reported extensively in the literature
while public sequence databases contain entries of allergen
sequences. |54, 55), structures [56], or T-cell epitopes [57,
5H). However, these data sources are neither complete npor
up-lo-date with respect to allergens. The number of
chasacteneed prodein allergens is increasing steadily, The
Allergen Nomenclaure Sub-Committee of the Imermational
Union of Immunological Societies (IUIS) centifies allergens
and mamaing 3 list of official protein allergens
{woaw allergen.org). Some 430 protein allergens and 230 of
their soforms had been classified, as of June 2004, This may
represent only a small fraction of the 1otal as individual
allergens may have many isoforms [39, 60]. While this
certified list contains many characterized allergens il is nat
exhaustive - an increasing number of unlisted ailergens can
be found in the literature. Major public databases that
comain feeords of allergen sequences are listed in Table 1.
These databases generally do not contain detalled structural
and funcuional information for a particular allergen. A
number of specialized allergy-related databases and data

Table 2. Miajor Allcrgen-Specific Datn Sources
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Table 1. The List of General Database Soarces that Contain
Dats of Allergen Sequences. This Table Contains
Ageess Addresses for Sevem Major Databases,
Access Information 1o Yarkows Hiological Databases
Is Awvailable at the Nuclole Achdy Revearch Database
Collecting (wwwlonp.oo.uk/oar/database))
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repositories have appeared recently. Earlier allergen dana
repositories and databases (IULS, SWISS-PROT
Allergenindex, BIFS, CSL, FARRP, Prowmll, Allallergy,
Asthma & Allergy), sce Table 2, are in a tabular form
providing lists of allergen names, and, 1o various degrees,
descriptions of allergen structural or functional properties,
accession numbers and links to entries in major public
databases, and litersure references, and with an exception of
FARRP [61], do not include analysis tools.

The lists of allergens and isoallergens of clinical
relevance have been developed and mainmained by the
Allergen Momenelaure Sub-commitiee of the TLIS, SWISS-
PROT index of allergen sequences lists more than 250
SWISS-PROT entries of 235 IUIS-designated protein
allergen sequences. The list comains allergen names,
necession numbers, and links to SWISS-PROT entries. The
International Food Biotechnology Council (IFBC) and ihe
ILS1 Allergy and immunobogy Institute sponsored a study on
n decision-lree approach for assessment of potential
allergenicity of transgenic proteins in crop plants [77]. This

Datsheis I URL Yewvion ar Release Dals
s www alleTgen org Mlarch -
SWISS-PROT Allerpenindes ‘www. expagy. chvegi-bi ligrgerna Wy 2004
T s i W i eddw- sgendel fa bom Ot 2003
= - | ww 3 gov uiallergen Sep. 2004
| e ] e alkrgesoniie e Veddews
P | A T p— i 2001
Allatlengy ww AllalbeTgy met ol
Asthmad Allergy Cooke gsf. defasthmagen/main.cfm Dec. 20
::___ l_aEqu . T —— _____:_
— WYL |
s ] b o s SDAP T
= _.|ﬂ.|b:l'||'ﬂ | w-mm My 2003
Allergen | reacarch (e a-vine edu s Templan DA Aliergen Sep, 2004
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Table 3,  Protein Sequence Content far Four Data Seurces (a5 of October 2003, These Sources are Reprosentative of the Number
of Allergens Used for Studies of Allergenbciry
s i AP SWISS-PROT ALLFRGES
By profein SeqUEn i | 104 [ il i i
e r;n‘h probein wouense Na L2 =3 24
= T Tl | 564 T Y Een

study included o list of protein allergen scquences which is
available in print only. and has not been updaied since
publication, The Biotechnology Information for Food Safety
{BIFS) web site [62] contains a non-redundant allergen
protein list aimed at facilitating sequence comparisens in
assessing polential allergenicity of proteins wsed in foods.
C5L allergen daabase contains food allergens compiled and
maintaingd at the Food Safety and Quality Direclorate of
The Central Science Labartory at Sand Hutton York, UK,
The FARRP Allergen Dutahase [61] is a searchable dutabase
containing more than 650 unigue sequences of known and
putative allergens, The FROTALL datsbase contains data on
ablergenic poteniial of plant food protess, their molecular
strugture and biological activines. The ALLALLERGY
datahase comprises more than £500 entries. [t can be queried
using the name of the allergen category fe.g. cencals, fish,
fruit, pollens) and retumns the background information, the
function of the substance and the adverse reactions. Asthma
ard allergy gene database [63] provides access to dwa on
linkage and mutation studies data for asthma and allergy
related trasts. A more detailed description of these databases
is available in [I].

SDAF Dutabase

SDAP (fermiutmb edwSDAP) [64] provides access 1o
the sequences, structures, and IgE epitopes of protin
allergens. 1t allows access 16 these data, extraction, and
analysis of allergen sequences. A SDAP entry contasms
allergen mame, soufce organism, protein sequence, IgE
epitopes, und lierufure references and easy links to the major
protein. The data in SDAP originate from SWiS5-
PROT/TrEMBL, PIR-ALN, NCBI Taxonomy Browser, PDB
SOIAP, and literatuse, These sources of data, if available, wre
accessible through hyperlinks in the SDAP interface. SDAP
teas @ rich set of tools for viewing and analysis of allergen
data, They inglude sequence amalysis tools FASTA [65], a
peptide matching iool, peptide similanty by propertics, and
entries listing tool, In oddition, SDAF has 3 number of
profein dncture analvsis 10als - for caloulation of accessibile
surface arca, low-energy conformations, homology
modeling, and structure-based sequence alignment. SDAF
can be used for prediction of allergenicity, but does ol
conform o the FAO/W IO guidelines for the assessment of
allergenicity [66] and alberghe cross-reactivity [67],

Allergome

Allergome « A Dalabase of Allergenic Molecules
{www aliergome.orgh contains information on allergens that
cause IgE-medisied discase (¢.g. anaphylaxis, asthma, alopsc
dermatitis, conjunetivitis, rhinitis, and uricarinh. The data

have been selected from maene than 4000 scientilfe artizles
including name, links 10 sequence daa, sources and Lissucs
of allergens, routes of exposure, prevalence data, and
references, tests and reagents, and basic bioghemacal dara
ALLERGOME allows keyward seasching and has four
divisions: allergenic sources without identified allergens,
IUIS official nomenclature allergens, allergens o vet
sunctioned by IUDS, and ssolorms. Molecules causing non-
IgE allergic diseases de.g. contact dermatitis, drg allergy,
celize disease), and other substances cawsing pseudo-allergic
reactions or intolerance (e.g. food imoleranced are excludead
from the Allergome datshase.

ALLERGEN DATABASE

The ALLERGEN daabase {(rescarch.ilr.a-storcdusg
TemplarDHAllergen) fucilitates retrieval of information on
official allergens and data analvsis in the assessment of
protein allergenicity. ALLERGEN records were complicd
from major public databases and levatire using the IUIS
Allergen List as reference refevence, This database focuscs
on prediction of allergenicity and allergic cross-reactivity. It
aims at collecting all allergen seguerices from the official
WIS list and currently consains approsimately 90% of the
total number. ALLERGEN database is quality contralled: it
is mon-redundant has high content of proicin sequences
(Table 35 Allergen database has mformation on allergen
proteins, source organisms; and allergic cross-reactivity.
More than one hundred ALLERGEN database records have
information on observed allergic cross-reaclivily, exiractsd
feomm the literature. Search toole in the Allergen dmabase
include keyword search, and sequence alignmeni ool
BLAST [68]. In sddition, two new analysis wols have been
developed for use with the allergen database: XR BLAST,
which combines standard BLAST output with allergen cross-
reactivity data, and ALLERPREDICT that performs
bioinformatics assessment of potential allergenicity and
allergic gross-reactivity of a protein, using FAO/WHO
guidelines [66, 67].

Commenis on Allergy Databases

Each allergen-related data spurce whas comatfucied foF
specific purpose and each has differemt criteria for the
inclusion of entries. The ILIS list of proteins with assigned
allergen nomenclaure, contains only proteins showing Igk
repctvily, whereas the BIFS tables contains also proteins
involved in celiac disease. Some of these dals sources (such
as the CSL allergen daabasel have a large degree of
redundancy, while others (such as ALLERGEN) ase non-
redundant. It has been estimated 1hat there are more than
2500 reported allergenic proteins (2], but only some 600
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have been added go the official list of allergens. The quality
control of allergen data in public databases, both general and
specialised 15 lacking. Some allergen sequences have been
published in the literatuee, but are pot available in sequence
dmahases,

A relerence allergen database was proposed in [2]. The
referenee allergen database should contain a comprelensave,
accurate and expert-annotated data and a set of specialist
tools for extracton of complex information and analysis of
allergens, The reference allergen dutahase should:

a ) Comprise comprehensive non-redundant entries of
albergens, with detniled description of allergen propertics,

by Comply with the official classification of allergens (TU1S,
nomgnclature),

¢} Have o set of tools for classification, characterization,
amd analysis of new and known allergens,

d

Enable detailed anplysis of existing allergens and
identification of common sequence and striectural
properiies and characterisation of those properties tha
ane likely to be reloted to alkergenicity,

Enable sdentification of B-ccll and T-cell epiiopes in
allergens, and

Nt Support ientification of cross-reactivity among known
and novel allergens,

A comprehendive reference database will support
research on maolecular basis of allergies, design of
immunatherapees, risk assessment in patients, and
assessment of the safety of novel fosds, Such uses will
regquire the development and implementation of sophisticated
aoinformatics bools,

¢

BICINFORMATIC ANALYSIS OF ALLERGENS

Bioinformatic tools are available for study of allergens
[9]. The marn applications inchede prediction of allergenicity
[69]. allergen cross-reactivity [69], and T-cell epitopes [%].
Characiensation of allergens is increasingly performed
through gemomics and proteomics approaches supponed by
brotnformatics analyses, The main approaches include
sequence comparison [T0], structural approaches emphoying
sccondary [T1], ond tertiary structure analysis [21, 36, T2),
and vanows speculist ools for analysis of allergens and their
propenics. Sequence and structure analysis are sometimes
usgsl iy combination for detsiled charucierization of allergens
and thewr properties |73]. The tools for T-cell epitope
prediciion have been reviewsd in [74] and their applications
e the study of allergens in 9], Tools for sequence
comparison and structural analysis and their use for study of
allergens have been described elsewhere [9) and in this
section we focus on she latest specalist allergen analysis
fols.

A number of allergen analysis tools have appeared in the
last pwir vears and we expect mereased activity in this area in
the coming years. Introduction of novel foods is surrounded
by controversy and among the main objecnons are safery
issues [ 78], dieluding patential introduciion of new allergens
o the food chain [Ta]. The world bodies are working on
defining the framework and standards [66, 67]. Criteria and
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rules for idemification of potential allergenicity based on
sequence identity o similanty have been proposed. The
carliest eriterion for significant similarity was the identity of
eight contiguous amino acids between a query protein and
any of the known allergens [77), The minimal length of 1gk
epilopes in the Ara b 2 peanut allergen [78] were shown 1o
be six amino acids. Such considermions were behind the
second criterion for esablishment of potential allergenicny
which requires idemtity of six contiguous amino acids |see
). The in vitro mutation studies showed that amino acids
of IgE epitopes of allergens are mot necessarily configuonas,
and that replacement of amine acids of IgE epitopes may
increase, decrease, or not affect the aflimty of IgE specific
for that site [79]. Additioral criterion requaring 35% identity
over gighty amino acids 10 g known allergen was introduced
asz a threshold for potential allergemcity based on high
probability of allergic cross-reactivity [67].

Analyses of allergen data have mdicated that these
criteria do noi provide pamicularly accurate assessment of
allergenicity, The analysis of schectied non-allergenic food
profeins and randomly selected marze proteins [61]
demonsirated that six contiguous amino acid identity mule
produsces a large number of imelevant matches. It was shown
|80] that two thirds of SwissProt prodeins would be ranked as
polentinl allergens by using the six amino acids idemity mle.
Dats on diversity of IgE responses 1o mutated B-cell
cpitopes [79] and the diversity of individual responses Lo
allergens [ 18] indicate that sequence comparison, being only
afi approximate approach, is pot sulficient for caplunng the
determinms of aliergenicity. A number of novel methods
have been repomed. The ALLALLERGY site enables
FASTA searches agsinit a list of some 800 allergens,
Prediction of allergenicny based on six or more contiguous
arning sckd idemtity, a3 well as minimum 35% identity over
eighly amino acids segment against some 600 aficul
allergens can be performed at the ALLERGEN daabase site.
A different sequence similarity scarch methodd, based on five
deescriptors (dimensional and of amine scid properiics), has
been implemented in the SDAP database. This method is
useful for sdentification of cross-reactive IgE epitopes, as
demonstrated by rapid identification of [gE sies on known
shellfish and insect allergens, similar to an [BE epitope from
shrimp tropomyosin, A leaming svstem [B1] that uses
FASTAZ algorithm [82] and the k-Mearest-Neighbour
classification was applied 10 leaming allcrgenic determinants
useful for prediction of allergenicity, This system was
further enhanced by introduction of additional learning
algorithms. [83], The two extracied features are the alignment
score and the alignment length which are wied 1o map a
sequence to the prevalent elass in the nearest set of known
allergens. For improvement of allergenicity prediction,
relative to the FAQIWHO guidelines, a method based on
matil identification has been developed by Stadler and
Stadier [80]. They used the MEME motif discovery tool [54)
for extraction of allergen-specific molfs, and praduced 52
statistically relevamt molifs that matched 644 of 779
allergens m their database. Finally, a method using clusiering
of allergens, combined with the wavelet analysin was used
for identification of comerved madifs, followed by building
Hidden Markov Profiles for prediction of potential allergens
|85]. Althowgh these lates: methods wse more sophisticated
algorithms (than the simple rules that are officially
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recommended], their utility is limited by the small number af
allergen sets that they wse. Futire developments will largely
depend on the availability of large and well characterized
sets ol llergens,

CONCLUSION ANID DISCUSSION

Allergen data are rapidly increasing in quantity.
complexiiy, and accessaibilily, licreasing amounts of allergen
data and accumulating knowledge in the allergy field provide
a nch resource in support of basic and applied allergy
research, Significant preliminasy work has already been done
in collection and classification of allergens. Wew
computational algorithms ore heralding an era where
comprehetsive computational analysis will complement
large-scale experimental research. The necessary
infrastructure in support biotechnology-driven allergy
research bclide the development of a comprehensive and
expansive database of allergens, and definition of high
guality test seis which must include allergens and carctully
seleeted pon-allergens. Non-allergens muest include both
proqcins that do not ook as allergens, but also hypoallergenic
seguences related to known allergens. We have previously
[2, 3] sdentified the need for o centeal reference allergen
database integrated with specialist search and analysis 1ools
that eould provide a core reseurce for the sudy of allergens,
This, i turm, would enhance the growth and development of
other allergy-related daabases that specialize in various
aspects of allergen-related studics. The computational
infrastructure and  high-throughput technolagies for
experimental measurement of allergens and allergic
responses will mark the developments in the allergy
research, Practical applications of these developments wall
enable new allergy trestments including allergen
madification and engineering [29, 86], vaccines [30], and
immunotherapics [87, B8], offering o great hope for the
mmporiand chnical Neld where eurrently the treatments are
predominantly  sympiematic  (allergen avoidance,
amihistamines, conicesterobds, or injectable epincphrine)
{89, 9], rather that targeted at the cause.
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