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Allergens are…Allergens are…
• harmless substances
• (almost) only proteins
• inducing IgE immune response
• rare: ~ 800’000 proteins (Sp/TrEMBL) 

~ 800 sequences
< 100 allergens

1 in 100’000 proteins:1 in 100’000 proteins:



Common AllergensCommon Allergens
house dust mites, pollen & spores, pets,

insects, milk, eggs, nuts



Immediate Immediate 
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Response to MediatorsResponse to Mediators
Bronchi: Constriction

Blood vessels: Vascular leakage (tissue edema)
Mediators:

Histamine
Leukotrienes
Cytokines
Chemokines
Enzymes



Bloating, vomiting, 
diarrhea, crampingGutFood

Hypotension, shock, 
death

SystemicAnaphylaxis

Itching, redness, tearingEyeConjunctivitis

Itching, rashSkinDermatitis

Coughing, wheezing, 
shortness of breathLungsAsthma

Sneezing, rhinorrhea, 
nasal itching, congestion

NoseRhinitis

Signs/SymptomsSigns/SymptomsSiteSiteReactionReaction
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Shared Domain TopologiesShared Domain Topologies
SH2

IL-1R

FcεRIα
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SequenceSequence--Structure Structure 
RelationshipRelationship

Domain (Fold):

Sequences:

[FY][FY]--xx--CC--xx--[VA][VA]--xx--HHSequence Motif:



A Generalized ProfileA Generalized Profile

• position-specific match-, gap- and 
insert-scores

• score distribution over sequence 
space

• parameters:
insertion/match:insertion/match:

I(X) I(*)
M(X) M(*)

state transitions:state transitions:
TB M TB I TB D TB E
TM M TM I TM D TM E
TI M TI I TI D TI E
TD M TD I TD D TD E

begin/end:begin/end:
Be Bi
Ee Ei

deletion:deletion:
D



Manual ConstructionManual Construction
of Sequence Profilesof Sequence Profiles
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multiple alignmentmultiple alignment

sequence weightssequence weights

create profilecreate profile

calibrate profilecalibrate profile

add newadd new
sequencessequences

new matches?new matches?

trusted sequencestrusted sequences

new profilenew profile

externalexternal
HMM trainingHMM training



The Birch Allergen FamilyThe Birch Allergen Family

Clinical cross-reactions include:
birch, celery, carrot, apple, hornbeam, hazelnut, 
alder, apricot, cherry, pear



Creating a Bet v 1Creating a Bet v 1--ProfileProfile

trusted sequencestrusted sequences multiple alignmentmultiple alignment

extensive literatureextensive literature
search:search:
13 allergens:

• 6 structures
• 94 sequences



Good and Bad Good and Bad 
Sequence AlignmentsSequence Alignments

ASTQSPSVFPLTRCCK
NIPSNATSVTLGCLAT
GYFPEPVMVTWDTGSL
NGTTMTLPATTLTLSG
HYATISLLTVSGAWAK
QMFTCRVAHTPSSTDW
VDNKTFSVCSRDFTPP
TVKILQSSCDGGGHFP
PTIQLLCLVSGYTPGT
INITWLEDGQVMDVDL

Sequence 
based

alignment

Structure 
based

alignment



Creating a Bet v 1Creating a Bet v 1--Profile: Profile: 
Structural AlignmentStructural Alignment

trusted sequencestrusted sequences

94 sequences94 sequences

multiple alignmentmultiple alignment

PFTOOLSPFTOOLS

T_COFFEET_COFFEE
structure basedstructure based

alignmentalignment

guideguide--profileprofile

profile basedprofile based
alignmentalignment

6 structures6 structures

ASTQSPSVFPLTRCCK
NIPSNATSVTLGCLAT
GYFPEPVMVTWDTGSL
NGTTMTLPATTLTLSG
HYATISLLTVSGAWAK
QMFTCRVAHTPSSTDW
VDNKTFSVCSRDFTPP
TVKILQSSCDGGGHFP
PTIQLLCLVSGYTPGT
INITWLEDGQVMDVDL



Sequence WeightsSequence Weights

similar sequencessimilar sequencesoutliersoutliers
11 22 33 44 55 66 77 88 99 1010

unbiasedunbiased

focusedfocused

++++ –– ––
++++–– ––

ProfileProfile
should be:should be:

sequence weightssequence weights create profilecreate profilemultiple alignmentmultiple alignment



Sequence Weights:Sequence Weights:
Tree DerivedTree Derived

11 22 33 44 55 66 77 88 99 1010

UU00

II11 II22 II33 II44 II55 II66 II77 II88 II99 II1010

II11+I+I22

II33+I+I44+I+I55

II33+I+I44+I+I5 5 +I+I66+I+I77+I+I8 8 +I+I99+I+I1010

R ~ branch lengthR ~ branch length



Sequence Weights:Sequence Weights:
‘Voronoi’‘Voronoi’

11 22 33 44 55 66 77 88 99 1010
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Empiric Profile CalibrationEmpiric Profile Calibration
create profilecreate profile calibrate profile:calibrate profile:

search randomizedsearch randomized
sequence databasesequence database

Swiss-Prot, window shuffled

( ) ( ) ( )µλµλ µλ

λ −−−−− ≅=
−− xex eexp
x

)(fit fit EVDEVD to scoresto scores

use use EVDEVD--parametersparameters
to normalize scoresto normalize scores

xRRSnorm 21 += normSAAxE −⋅= 10),(

10ln

ln
1

λµ−
= N

A

R
x: raw score
A: no. of residues
N: no. of sequences10ln2

λ
=R



Normalized Score andNormalized Score and
EE--valuevalue

xRRAAxE 2110),( −−⋅=

Swiss-Prot 40:
A=37’315’215

x=814

Snorm=6.5
E-value=10



Profile ConstructionProfile Construction
is an Iterative Processis an Iterative Process

trusted sequencestrusted sequences

multiple alignmentmultiple alignment

sequence weightssequence weights

create profilecreate profile

calibrate profilecalibrate profile

add newadd new
sequencessequences

new matches?new matches? new profilenew profile

externalexternal
HMM trainingHMM training



FHA Domain Profile: PS50006FHA Domain Profile: PS50006
Hofmann & Bucher, 1995, TIBSHofmann & Bucher, 1995, TIBS

scoreweightscoreweightscoreweightscoreweightscoreweight
Profile 5Profile 4Profile 3Profile 2Profile 1

Database Entry

3.83.92.72.92.3CDS1_SCHPO
23.812.731.914.733.723.540.650.014.5FHL1_YEAST
24.712.134.113.535.623.919.07.9FKH1_YEAST
24.011.333.813.335.523.218.66.3FKH2_YEAST

7.87.78.78.28.1Highest false 
positive

3.83.62.93.52.8B61188
20.515.318.919.79.78.98.2YSCL9470_15
6.86.45.06.53.7YSCL8083_15
9.78.76.56.28.9SYCSLRG_63
6.96.44.85.54.0SYCSLRG_6

17.118.519.220.510.28.56.0SPAC17G8_10
3.22.93.33.13.1SCPPR1GEN_4

18.614.311.88.76.54.2SCD9717_7
9.38.65.53.62.7SCCXIV38K_16
6.86.34.46.84.1SC9346_10
5.05.15.84.74.8MLB1770_16
4.83.83.43.13.1HUMKIAA10_1
7.47.15.16.43.6YKI5_CAEEL
9.69.05.84.42.5YHR5_YEAST
7.26.96.36.65.0SPK1_YEAST

20.815.627.718.428.229.437.450.049.1100.0MNF_MOUSE
4.04.03.62.73.1KI67_HUMAN
5.75.75.35.12.8KAPP_ARATH
7.56.65.15.73.4FRAH_ANASP



… PS50006 continued… PS50006 continued

scoreweightscoreweightscoreweightscoreweightscoreweight
Profile 10Profile 9Profile 8Profile 7Profile 6

Database Entry

7.87.97.37.05.5CDS1_SCHPO
16.46.015.96.217.96.617.56.520.48.5FHL1_YEAST
16.76.016.65.918.76.319.27.123.79.6FKH1_YEAST
16.25.615.95.718.36.218.46.622.78.8FKH2_YEAST

7.06.97.47.27.0Highest false 
positive

7.57.26.15.33.7B61188
14.26.214.36.516.37.215.77.318.710.1YSCL9470_15
15.55.414.85.917.16.016.87.09.6YSCL8083_15
13.84.913.87.013.77.713.58.715.713.2SYCSLRG_63
15.75.315.55.216.76.115.66.49.1SYCSLRG_6
17.45.516.36.018.56.517.48.717.811.1SPAC17G8_10
8.07.67.87.14.7SCPPR1GEN_4

12.76.612.67.114.27.713.97.516.49.7SCD9717_7
17.95.417.15.519.46.019.16.720.89.7SCCXIV38K_16
15.95.015.45.417.55.717.27.010.2SC9346_10
13.96.413.57.510.08.56.3MLB1770_16
8.48.48.48.15.4HUMKIAA10_1

14.07.613.67.815.08.410.38.5YKI5_CAEEL
17.85.717.25.619.66.119.26.821.19.2YHR5_YEAST
7.88.17.06.76.2SPK1_YEAST

13.86.813.87.015.67.615.27.418.110.1MNF_MOUSE
5.75.85.45.03.7KI67_HUMAN

12.96.010.68.27.25.3KAPP_ARATH
15.85.615.45.717.16.016.06.39.6FRAH_ANASP
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Allergens in Transgenic FoodAllergens in Transgenic Food
Nordlee et al., 1996, N Engl J MedNordlee et al., 1996, N Engl J Med

Methionine-rich
2S Albumin

Methionine-rich
2S Albumin

Brazil
nut
Brazil
nut SoySoy tg-Soytg-Soy

Met-richMet-rich

allergic reaction in
nut-sensitized patients



Prediction of AllergensPrediction of Allergens

No common:No common:

• Structure

• Biochemical
properties

⇒⇒ no directno direct
prediction

similarity with
known allergen

potential
cross-reactivity

potentially
allergenic

indirect prediction:indirect prediction:

prediction



ImmunologicalImmunological
CrossCross--reactivityreactivity

cross-reactive
antibody

antigen A
birch pollen allergen
(Bet v 1, PDB:1BTV)

antigen B
cherry allergen
(Pru av 1, PDB:1E09)



Prediction ofPrediction of
CrossCross--reactivityreactivity

TTQQSSPPSSVVFFPPLLTTRRCCCC
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M
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‚linear‘ sequence
single loops
secondary structure elements

HH
YY

surface
shape
physico-chemical properties



CrossCross--reactivity and reactivity and 
Sequence SimilaritySequence Similarity

Bet v 1 Bet v 1 -- clusterclusterSequenceSequence--based based 
ClusteringClustering ALL1_APIGR Api g 1 celery

ALL2_APIGR Api g 2
BV1A_BETVE
BV1B_BETVE
BV1C_BETVE
BV1D_BETVE
BV1E_BETVE
BV1F_BETVE Bet v 1 birch
BV1G_BETVE
BV1J_BETVE
BV1K_BETVE
BV1L_BETVE
BV1M_BETVE
DAU1_DAUCA Dau c 1 carrot
MAL1_MALDO Mal d 1 apple
MPA1_CARBE Car b 1 hornbeam
MPA2_CARBE Car b 1
MPAA_CORAV Cor a 1 hazelnut
MPAG_ALNGL Aln g 1 alder
PRU1_PRUAR Pru ar 1 apricot
PRU1_PRUAV Pru av 1 cherry
PYR1_PYRCO Pyr c 1 pear



Proposed Allergenicity Proposed Allergenicity 
EvaluationEvaluation (WHO/FAO)(WHO/FAO)

• identity-test:
n = 6 contiguous amino acids

• similarity-test:
35 % (80 residues)

•• identityidentity--test:test:
n = 6 contiguous amino acids

•• similaritysimilarity--test:test:
35 % (80 residues)

???
ASTQSPSVFPNIPSNATSVTLGCLAT
GYFPEPVMVTTRCCKNIPSNATSVTL
GCLATGYFPEPVMVTNIPSNATSVTL
GCLATGYFPEPVMVTWDTGSLNGTTM
TLPATTLTLSGHYATISLLTVSGAWA
KQMFTCRVAHTPSSTDWVDNKTFSVC
SRDFTPPTVKILQSSCDGGGHFPPTI

protein ofprotein of
interestinterest Allergens



Allergen Prediction Allergen Prediction 
According to GuidelinesAccording to Guidelines

Database: Adb Swiss-Prot Rice trGEN (human)

Description: allergen general protein rice genome human genome
database database (TIGR OsGI) (translated)

#Proteins: 779 101’602 10’891 330’743

allergens 98.6 %98.6 % 67.3 %67.3 % 75.75.99 %% 42.42.99 %%
(predicted)

clinical observation: < 0.5 %



Performance of Current Performance of Current 
Allergen PredictionAllergen Prediction

identity length n

6 10 14 18

pe
rfo

rm
an

ce

40%

60%

80%

100% recall:recall:
% true allergens % true allergens 

predicted to be an predicted to be an 
allergenallergen

precision:precision:
% true allergens of % true allergens of 
predicted allergenspredicted allergens

unsuitable for allergenicity prediction.



Allergen Database (Adb)Allergen Database (Adb)

#sequencesDatabase

779779Total retrieved sequences:Total retrieved sequences:
--77annotation problems
--77unreachable

--111111skipped: redundant
9797PIR

269269GenBank
9999Swiss-Prot (variants)

439439Swiss-Prot

809809Total accessions:Total accessions:
105105add_list.txt
341341www.iit.edu/~sgendel (non-food allergens)
140140www.iit.edu/~sgendel (food allergens)
276276www.expasy.org (Swiss-Prot allergens)
165165www.allergen.org (isoallergens)

#accessionsData source (February 11th, 2002)

download HTML lists

extract accessions

download sequences

remove redundancy

build local database

Adb



Automatic IdentificationAutomatic Identification
of Allergen Profilesof Allergen Profiles

motif discoverymotif discovery
(MEME)(MEME)

motifmotif

MotivesMotives

collectcollectremainingremaining
sequencessequences

DatasetDataset

MatchesMatches

search datasetsearch datasetremoveremove
matchmatcheses

AdbAdb



52 Allergen Profiles52 Allergen Profiles

…………

SCP/Tpx-1/Ag5/PR-1/Sc7224.8•10-794AM00005

nonenone353.0•10-845AM00004

Globins361.3•10-919AM00003

68

101

Matching Matching 
allergensallergens

Profilins
Pollen proteins (Ole e I)2.0•10-1477AM00002

Pathogenesis-related 
Bet v 1 family1.8•10-4123AM00001

PredominantPredominant
PROSITE matchesPROSITE matches

MEMEMEME
EE--valuevalue

Profile Profile 
IdentifierIdentifier



ProfileProfile--basedbased
Allergenicity PredictionAllergenicity Prediction

RDFTPPTVKILQSSCDGGGHFPPTIQLL
CLVSGYTPGTINITWLEDGQVMDVDLST
ASTTQEGELASTQSELTLSQKHWLSDRT

query proteinquery protein

17%

83%

5252
profilesprofiles

135135
sequencessequences

allergens:allergens:

profileprofile
match?match?

pairpair
match?match?

allergenallergen

yesyes

yesyes

nono

nono

nonnon--allergenallergen



Performance of Prediction:Performance of Prediction:
Random SequencesRandom Sequences

ProfileProfile--basedbased FAO/WHOFAO/WHO

BLAST E-value cut-off

10-1 10-10 10-20 10-30

pe
rfo

rm
an

ce

40%

60%

80%

100%

identity length n

6 10 14 18

recall
precision



Performance of Prediction:Performance of Prediction:
SwissSwiss--Prot SequencesProt Sequences

351351
8.6 %8.6 %

4’0964’096
4.0 %4.0 %

ProfileProfile--
basedbased

351351
0.5 %0.5 %

68’35668’356
67.3 %67.3 %FAO/WHOFAO/WHO

TrueTrue
AllergensAllergens

Predicted Predicted 
AllergensAllergens

Prediction Prediction 
methodmethod



ConclusionConclusion

•• Allergen Database (Adb):Allergen Database (Adb):
-- most complete allergen sequence resourcemost complete allergen sequence resource
-- semisemi--automatedautomated

•• WHO/FAO method forWHO/FAO method for
allergenicity evaluation:allergenicity evaluation:
-- unspecific (precision = 0.5%)unspecific (precision = 0.5%)
-- algorithmic limitationalgorithmic limitation

•• ProfileProfile--based prediction:based prediction:
-- improved performance (precision = 8.6%)improved performance (precision = 8.6%)



OutlookOutlook

•• Improved prediction:Improved prediction:
-- pure profile based approachpure profile based approach
-- two phase prediction (fold, surface)two phase prediction (fold, surface)

•• Search for unknown allergens:Search for unknown allergens:
-- xenoxeno-- vs. autologous structuresvs. autologous structures
-- production of panproduction of pan--allergic structuresallergic structures

((forfor diagnosis and therapydiagnosis and therapy))
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