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ABSTRACT

Summary: Assessment of potential allergenicity and patterns of
cross-reactivity is necessary whenever novel proteins are introduced
into human food chain. Current bioinformatic methods in allergology
focus mainly on the prediction of allergenic proteins, with no infor-
mation on cross-reactivity patterns among known allergens. In this
study, we present AllerTool, a web server with essential tools for the
assessment of predicted as well as published cross-reactivity pat-
terns of allergens. The analysis tools include graphical representa-
tion of allergen cross-reactivity information; a local sequence com-
parison tool that displays information of known cross-reactive aller-
gens; a sequence similarity search tool for assessment of cross-
reactivity in accordance to FAO/WHO Codex alimentarius guide-
lines; and a method based on support vector machine (SVM). 10-
fold cross-validation results showed that the area under the receiver
operating curve (Aroc) of SVM models is 0.90 with 86.00% sensitiv-
ity at specificity of 86.00%.

Availability: AllerTool is freely available at http://research.i2r.a-
star.edu.sg/AllerTool/.

Contact: zhzhang@i2r.a-star.edu.sg

INTRODUCTION

Atopic allergy and other hypersensitivity reactioase major
causes of chronic ill health in affluent industnitions, affecting
up to 25% of the general population (Mekori, 1998euwen-
huizen and Lopata, 2005). Allergy is caused by exb/émmu-
nological reaction to causative agents known aygghs that are
otherwise innocuous in nature. The acute symptdnadlergy are
usually due to the release of inflammatory medstehen an al-
lergen cross-links immunoglobulin E (IgE) antibadien mast
cells or basophils (Sutton and Gould, 1993). Thés e followed
by a late-phase reaction characterized by the »néfi T-cells,
eosinophils and monocytes (Gowdtal, 2003). Atopic individu-
als may have one or more manifestations of theadeséncluding
asthma, conjunctivitis, dermatitis (eczema), risnhay fever) and
some experience life-threatening severe anaphylaxis

Methods for assessing potential allergenicity assential
whenever new proteins are brought into contact Wwitmans, ei-
ther through food, or other modes of exposure. dimeent joint
recommendation by the World Health Organization @yHand
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Food and Agriculture Organization (FAO) is a schdmseed on a
decision tree which compares local sequence sityilaf a query
protein against known allergenic proteins (FAO/WHO03). Two
decision criteria have been proposed for the assmdsof aller-
genic potential: identity of six or more contigucarsino acids, or
minimum 35% sequence similarity over a window of @@ino
acids. Several research groups, including Gemdedl (1998,
2002), Stadler and Stadler (2003), and Faral (2004) devel-
oped computational tools to scan sequences thalystitese crite-
ria. While these tools are useful for standardipeddiction of
potential allergenicity of proteins according te tburrent recom-
mendations of the FAO/WHO Expert Consultation, mooenplex
techniques are needed as the six amino acid rut@nsspecific
and the minimum of 35% sequence similarity is ttingent to
find most true allergens (Lét al, 2004; Hilemanet al, 2002;
Stadler and Stadler, 2003; Silvanovithal., 2006).

More sophisticated bioinformatic tools for detegtimotifs
among allergenic sequences have been recentlyiliesscZorzet
et al (2002) combined FASTA3 algorithm witlk-Nearest-
Neighbour (KNN) classifier to assess potential f@odtein aller-
genicity. Soeria-Atmadjat al (2004) extended the study on a
larger set of allergens using a combination of kilsssifier,
Bayesian linear Gaussian classifier and Bayesiaumtic Gaus-
sian classifier. Liet al (2004) demonstrated the use of wavelet
transform to predict potential allergens. Bjérkluadal (2005)
introduced the use of allergen-representative geptior detection
of potentially allergenic proteins. Cat al (2006) as well as Saha
and Raghava (2006) reported the use of supporbvecachine
(SVM) for the prediction of novel allergen proteins

In this paper, we present AllerTool, a web serwvevigling es-
sential tools for assessing predicted as well dslighed allergic
cross-reactivity patterns of clinically relevantommin allergens.
Three different programs are available for assgstie potential
allergenicity of protein sequences — (i) a sequesiodarity search
tool for assessment of allergenicity in accordatccé&AO/WHO
Codex alimentarius guidelines; (ii) a SVM-based hodt for pre-
diction of protein cross-reactivity with little ano similarity to
known allergens; and (iii) a modification of BLASHat displays
cross-reactive allergens. In addition, AllerTods@lprovides po-
tential cross-reactivity information of a query seqce through a
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graphical representation of the cross-reactivitywek of the simi-
lar proteins. The main purpose of AllerTool is theport of mo-
lecular studies of allergens, the assessment efgadl responses
and of allergic cross-reactivity.

SYSTEM DESCRIPTION

Data

Allergen data were extracted from the IUIS Allergewebsite
(http://www.ALLERGEN.org) and stored in the ALLERD@ata-
base (Zhangt al, manuscript in preparation; http://antigen.i2r.a-
star.edu.sg/Templar/DB/Allergen/). The dataset istmsof all
International Union of Immunological Societies (8)lallergens
and isoallergens that have protein sequences biailathe public
sequence databases or publication references. ataset consists
of 373 allergens, 260 isoallergens, and 128 inssrt reported
cross-reactivity collected from the literature aretified using a
text-mining tool ABK (Miottoet al., 2005).

Analysis Tools

AllerTool and web interface are written in C/C++daerl and run
on a SunOS 5.9 UNIX system with Apache web serlietom-
prises of four integrated tools for assessing titential allergenic-
ity of protein sequences — XR-BLAST, XR-Graph, AISTAN
and ALR-SVM.

XR-BLAST (Koh et al, 2004) is a local sequence comparison
tool based on BLAST2.2.3A{tschul et al., 1997 that outputs
information on allergens that have reported cresstivity with
the individual matches. A sample output of XR-BLABTgiven in
Figure 1.
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Fig 1. An example of XR-BLAST output.

XR-Graph (http://antigen.i2r.a-star.edu.sg/Templ&/Allerg-
en) is a visualization tool for graphical represgion of allergen
cross-reactivity information. Each graph displajergens (boxes)
that are related by reported cross-reactivity )R his visual tool
enables user to establish possible allergen cezsdivity relation-
ships not reported before. This tool has potentals in the devel-
opment of novel allergy diagnostics approachesape output
of XR-Graph is shown in Figure 2.

Fig 2. An example of XR-Graph output for Aln g 1. Reported
cross-reactivity patterns are represented by liflassible cross-
reactivity relationships may be inferred by missimgs.

ALR-SCAN (Kohet al, 2004) is a sequence similarity search
tool that reports sequence similarity in accordatcéhe current
FAO/WHO recommendation for the assessment of ateoity.
Both the six contiguous amino acids identity raed >35% iden-
tity over a stretch of 80 amino acids are implerednt Users can
submit the protein of interest to ALR-SCAN, whiclilweturn the
list of matches that satisfy either of the ruleamPle query and
output is shown in Figure 3.
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Fig 3. An example of ALR-SCAN output.

ALR-SVM is a useful tool for predicting protein etfenicity
based on global description of amino acid sequesoc®g SVM as
the prediction engine (Cwt al, 2006). The training dataset con-
sists of 460 allergens and 560 non-allergens, vthéeesting data-
set includes 114 allergens and 140 non-allergemivede from
http://www.slv.se/templates/SLV_Page.aspx?id=9343j6rklund
et al, 2005) selected using a debiasing strategy basestquence
similarity of protein sequences commonly found amsumed food
with no records in existing allergen databases 43atd Raghava,
2006). The percentage of allergens represents ~af3¥e testing
dataset, while non-allergens represent the ren@idi®. Differ-
ent kernel functions (linear, polynomial, radiahdasigmoid) were
explored to improve the prediction accuracy of 8%V models.
ALR-SVM is based on the third degree polynomialnetrfunction
encoded using descriptors derived from amino acihposition.
The Agoc value is 0.90 (http://antigen.i2r.a-star.edu.sgipkar/




DB/AllerTool/Algorithms.html). Using amino acid cqguuosition as
input for training and testing ALR-SVM, the systeran predict
allergenic proteins with sensitivity (SE) of 86.0G#d specificity
(SP) of 86.00% respectively. These values are coabpato the

3.

SVM approach by Saha and Raghava (2006) (SE=85.02%,

SP=84.00%) and allergen representative peptidess§EB0%,

SP=90.00%; Bjorklunekt al., 2005), and outperform motif-based 4.

approach using MEME/MAST software (SE=93.94%, SP38%;
Saha and Raghava, 2006). For the predicted allergeguences, a
list of high similarity IUIS allergen sequences aegorted cross-
reactivity information is provided.
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Fig 4. An example of ALR-SVM output.

CONCLUSION

With the advent of genetically modified proteinsfoods, thera-
peutics and biopharmaceuticals (Saha and Ragh@@&),2Aller-
Tool provides a new service for the assessmentenfigted as well
as published cross-reactivity patterns of noveltgins. ALR-
SCAN is useful for assessment of allergenicity liot@ins accord-
ing to the FAO/WHO Codex alimentarius guidelineowéver,
concerns have been raised about the validity of ¢heent
FAO/WHO guidelines (Liet al, 2004; Hilemanet al, 2002).
Various groups including Silvanovi@t al (2006) and Stadler and
Stadler (2003) reported that short sequence seamhsix con-
tiguous amino acids to identify allergenic proteissa producof
chance and adds little value to allergy assessnfentsewly ex-
pressed proteins. There is a need for more sopdtiet! techniques
for screening of allergenicity in proteins. ALR-SVHKlas been
developed to capture non-linear characteristicsritey be encap-
sulated within allergenic protein sequences. Futoek will focus
on the development of other supplementary methodsupport
and refine the prediction of cross-reactivity patse
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