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Abstract

Hen's egg white isa major cause of type | allergic reactionsin man, particularly in children. Its
universal apdication a a nurient andfood addtive has caused seveal cases of anaplylactic reactions
due to incidental ingestion. The present data coll edion rovides an overview of prevalencedata,
symptoms and commnon sources of hidden egg white all ergensin tabuar form. Estimations of total
frequency \ary considerably with patient coharts (case history, courtries of origin) and dagnastic
criteria. Detail ed information abou chemical and moleaular biological aswell as all ergenic features of
the relativdy well - characterized four major egg white all ergens (ovomucoid Gal d 1, ovalbumin Gal d 2,
ovotransferrin Gal d 3 andlysozyme Gal d 4) are given. Sudies of B-cdl and T-cdl epitopesaswell as
immunodobuin andcytokine production are sumrmarized..

(Internet Sympaosium on Food All ergens 200Q 2(Suppp.1): 1-29)
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1 Prevalenceof Eqg White Allergy
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Country / Subjeds

Sengitivity to

References

Australia, Melbourne
620children at risk of atopy

egg 32% (SPT)

Hill etal. 1999

Australia, Victoria
100cow's milk alergic children

egg 58% (parent reported adverse
reactions)

Bishop et al. 1990

Denmark, Odense
39 cow's milk all ergic infants

egg white 29% (adverse reactions)

Host & Halken 1990

Estonia
251adlergicinfants

egg white 3.6% (RAST)

Julge ¢ al. 1997

Finland, Oulu
57, 43, and 42children with atopic dermatits

egg 64%, 16%, and 146 in patients <
1 year, 1-3 years, and 3-15 years of age
(SPT)

Hannuksela 1987

France
81 cases of anaphylactic shock to food

egg 116%

Moneret-Vautrin & Kanny
1995

France
80 cases of foad- related anaphylaxis (from 199397)

egg 88% (reported to CICBAA
databank)

European Commisson 1998

France, Pierre Benite

a) 580 mtients with adverse reactions to food
b) 60 cases of anaphylaxis (study period 198492)

a) egg 2%
b) egg 17%

Andre ¢ al. 1994

France, Toulouse
142foaod alergic children

eggwhite 53 % (Labial food chall enge)

Rance& Dutau 1997

Germany
790children (general population)

egg 84% (RAST)

Nickel et al. 1997

Germany

216children (general population)
estimation based on 4082 children

egg @06 to 4% (at 1 to 6 years of age)
(RAST)

Kulig et al. 1999

134 matients with atopic dermatitis

egg 286 (RAST)

Germany 0
1235 wnsdeded preschod children (5-6 years) €99 28% (SFT) Schafer . 1999
Italy Bonifaz et al. 1978

Italy, Florence

54 episodes of food-dependent anaphylaxisin 44
children (age of 1 month to 16 years) (from 1994
1996

egg 126

Novembre d al. 1998

Italy, Rome
371 children with food all ergy

egg 46% (RAST)

Giampietro et al. 1992

| celand, Reykjavik
502 winsdeded adults

egg 04% (RAST)

Gidlason et al. 1999

Japan, Kyoto
55 infants with atopic dermatiti s

egg white 91% (SPT)

Kusunoki et al. 1998

Japan, Okinawa

egg white 129 (MAST)

Kosugi et al. 1992

127 atopic patients

TSeltherIar;?s oo induced hvlaxi egg 7.6% (survey, reported to the TNO European Commisson 1098
Cases of food- Induced anapnylaxis Nutriti on and Food Research Institute)

(from 19931997

Netherlands, Rotterdam
91 patients with atopic dermatitis

egg 726 (SAFT)

Oranje ¢ al. 1992
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Spain, Madrid
355foad allergic children

egg white 34% (SPT, RAST)

http://www. food -allergens.de

Crespo et al. 1995

Spain, Pamplona
74 patients with atopic dermatiti s

egg 3%% (SPT, RAST, Histamine
Release)

Resano et al. 1998

Sweden

a) 61 cases and b) 55 cases
of food- induced anaphylaxis (from 19941996

a) egg 10% (reported to the National
Food Administration)
b) egg 36% (Hospital Reports)

European Commisson 1998

Sweden, Uppsala
414 wnseleded aduts

egg 02% (RAST)

Gidlason et al. 1999

Switzerland, Zurich
402foad allergic adults

egg white 12% (case history, SFT,
RAST)

Woithrich 1993

Switzerland, Zurich
383foad al ergic patients (study period 199094)

egg 57% (case history, SPT, RAST)

Etesamifar & Withrich 1998

172 matients expierenced anaphylactic reactions to
foads (from 19941996

egg 23% (suspeded cause of patients
worst reaction)

Thailand P :

100 asthmatic chil dren egg white 1% (SPT) Kongpanichkul et al. 1997
UK, London

100 mtients with food intolerance €99 40% (repeated chall enge) Lesof etdl. 1980

UK, Manchester

Pumphrey & Stanworth 1996

USA, Baltimore, MD
196foad allergic children

egg 7% (DBPCFC, RAST)

Sampson & Ho 1997

USA, Denver, CO
180foaod allergic children

egg 26% (DBPCFC)

Bock & Atkins 1990

USA, Little Rock
165 patients with atopic dermatitis

egg 3%% (SPT), from which 3356
were DBPCFC-positive

Burks et al. 1998

2 Outgrowing of Eqg White Allergy

children of the general
population)

6% at 1 year of ageto <1% at 6 years of age (RAST)

Country / Subjeds L ossof Sengitivity to References
Germany _ -
Children at risk (subgroup of 216 |Annual Incidenceof sensitization to egg deaeased from Kuliq et al. 1999

USA
Food all ergic patients

soy, egg, milk, wheat, and peanut:
26% loss(after 1 year of onset, DBPCFC)

Sampson & Scanlon 1989
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3 Symptoms of Eqg White Allergy
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Symptoms & Case Reports

References

systemic reactions
anaphylaxis (1, 7, 8, 9, 11), fatal reactions (7)

cutaneous s/mptoms
angioedema (1, 12), atopic dermatitis (2, 9, 10, 11, 13), ezema (1, 3, 12,
15), erythema (11), urticaria (1, 2, 11, 12, 13, 14, 15)

gastrointestinal symptoms
abdominal pain (12), diarrhea (1, 11), flare (1), oral allergy syndrome (4),
vomiting (4, 2, 3, 4, 11), in general (1)

respiratory symptoms
dlergicrhinitis (2, 9), asthma (2, 3, 5, 6, 9, 11, 12, 13), cough (13),
dyspnea (1), hoarseness(1), laryngeal edema (2), wheeze (1, 11, 13)

other symptoms
convulsion (3), cyanosis (14), hypotonia (14)

(1) Hoffmann 1983

(2) Langeland 1983, 1983, 1985
(3) Anet et al. 1985

(4) Clinton et al. 1986

(5) Bernstein et al. 1987

(6) Blanco-Carmona et al. 1992
(7) Sampson et al. 1992

(8) Yamada et al. 1993

(9) Bernhisel-Broadbent et al. 1994
(10) Reekers et al. 1996

(1) Urisu et al. 1997

(12) Patriarca et al. 1998

(13) Yamada et al. 1998

(14) Foucard & Mamheden Yman 1999
(15) Niggemann et al. 1999

Percentage of reactions

Symptoms/ Ref. Q) 2 3 4) (5) (6)
Cutaneous 1006 87% 83%
Angio-oedema 14%

Atopic dermatitis 48% 8% 1006

Allergic rhinitis 14% 72%

Urticaria 26%

Gastrointestinal 37% 80% 45%
Vomiting 25%

Respiratory 0% 4%  17% 14%
Asthma 26% 94%

immediate 8% 82%
non-immediate 11% 16%
bath 2%
No. of patients 84 18 19 92 104 62

(1), (5) after eggingestion / oral challenge
(3) children with egg allergy (without bird all ergy)
(6) children

(1) Langeland 198%&
(2) Bernhisel-Broadbent et al. 1994

(3) Anibarro Bausdla et al. 1997
(4) Sampson & Ho 1997

(5) Yamada et al. 1998
(6) Niggemann et al. 1999

Threshold of Ingestion
Amounts of whole egg inducing symptoms ranged from 50mg to 50 g
(DBPCFC, egg allergic patients) (1)

(1) Norgaad & Binddev-Jensen 1992
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4 Diagnostic Features of Hen's Egg White Allergy
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Parameters/ Subjeds

Outcome

References

SPT, IgE and Oral Challenge
11 eggalergic patients (1-15 years
of age)

Sensiti viti es of testsin comparison with oral challenge
test:

SPT 100%, RAST 85%, MAST 71%;

Spedficities in comparison with oral chall enge test:
RAST 50%, MAST 100%;

Match with oral chall enge test:
SPT 63%, RAST 72%, MAST 81%, Case History
63%

Roger et al. 1994

SPT and DBPCFC
Children suspeded of IgE-mediated
symptoms to egg

Significant differencesin wheal sizes between
individuals who were all ergic or tolerant to egg
(P<0.00))

Eigenmann & Sampson 1998

IgG and IgE
120atopic children

1gG to egg white strongly associated with positive
spedfic IgE in children with and without ezema

Eysink et al. 1999

IgG Subclasses

96 children of general population
(measured at birth, 6 and 18 months
and 8yearsby ELISA)

Ovalbumin spedfic subclasses.

1gG1 and 1gG3 peaked at 18 months and dedined up
to 8 years of age; antibody levels not related to
exposure to egg; positive SPT and IgE levels
correlated with high 1gG subclasslevels; atopic
symptoms associated particularly with high levels of
1gG subclass 1gG4; differencein antibody levels
between atopic and non- atopic children mostly
marked at 6 months

Jenmalm & Bjorksten 1999

a) RAST and DBPCFC

b) SPT and DBPCFC
food-allergic chil dren with atopic
dermatitis

a) predictive values of spedfic IgE > 0.35 kKU/L
positi ve preditive value 84%

(>95% at IgE 6 kU/L)

negative prediti ve value 88%

b) predictive values of SPT ( > 3 mm)

positi ve prediti ve value 85%
negative prediti ve value 90%

Sampson & Ho 1997

IgE and DBPCFC
children with atopic dermatitis

a) Spedfic serum IgE in children with

positi ve oral provaocation: 6.4 kU/L

negative oral provocation: 1.4 kU/L
(Significance P<0.001)

b) predictive value of spedfic IgE > 0.35 kU/L

positi ve preditive value 79%
negative preditive value 75%

Niggemann et al. 1999

OM-digest specific IgE and
DBPCFC

a) 18 children DBPCFC positive and
b) 12 negative to egg white (all
RAST positive)

No significant differencesin spedfic IgE- binding to
egg white, ovomucoid, ovalbumin, ovatransferrin, and
lysozymein a) and b);

IgE binding activity to ovamucoid digests (pepsin and
trypsin) significantly higher in @) than in b)

Urisu et al. 1999

Predictive Value of IgE
1314children (general population)

Hen's egg white spedfic IgE at age of 12 monthsisa
valuable marker for sensitization (asthma, allergic
rhiniti s, atopic dermatiti s) to common all ergens at age
of 3years

Nickel et al. 1997
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5 Therapy of Hen's Eqg White Allergy
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Treatment*

Outcome

References

Oral Desentization
5 egg alergic patients

A diluted food extract foll owed by increased pure food was
administered foll owing a standardized protocal, at the beginning
pretreatment with oral sodium cromoglycate, length of therapy 4 to
5 months, after therapy codfish was tolerated (maintenancedose: 2-
3 egos/ week)

Patriarca et al. 1998

Treatment with

DSCG
5 eggallergic children

Foaod chall enge before and after a seven- day pre- treatment period
with oral sodium chromoglycate: Full protedion in 4 children

Businco et al. 1983

* Studies may be experimental, unproved, or controversial. Please noticethe disclaimer !

6 Composition of Hen's Egg White

6.1 Distribution of Nutrients

Nutrients. Content per 100 g

Energy 203 KJ (48 kcal) lodine 7 ug Leu 1080mg

Water 87.3 g Selenium 4-10 ug Lys 740mg

Protein 111 g Met + Cys470mg

Lipid 0.2 g Vitamins Phe 760mg

Carbohydrate 0.4 g Vitamin A traces Thr 580mg

Minerals 0.7 g Vitamin B1 20ug Trp 200mg
Vitamin B2 320ug Tyr 460mg

Minerals Nicotinamide 90 pg Val 980mg

Sodium 170mg Pantothenic acid 140ug

Potassum 155mg Vitamin B6 12ug Carbohydrates

Magnesium 12 mg Biotin 7 ug Glucose 410mg

Calcium 11 mg Folic acid 16 g

Manganese 40 ug Vitamin B12 traces

Iron 200 ug Vitamin C 300 ug

Copper 130ug

Zinc 20 ug Amino Acids

Phosphorus 20 mg Arg 680mg

Chloride 170ug His 280mg

Fluoride 10-150 ug lle740mg

Reference Deutsche Forschungsanstalt fr Lebensmittelchemie, Garching bei Minchen (ed), Der kleine " Souci-Fachmann-
Kraut" Lebensmitteltabelle fir die Praxis, WVG, Stuttgart 1991
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6.2 Protein Fraction
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Proteins/ Glycoproteins

Amount of tota protein (1)

Heat Coagulated Egg

Ovomucoid

11%

14.2 +/- 11.9 mg/ml in soluble fraction of egg white (2)

Ovalbumin 54 %
Ovotransferrin 12-13%
Lysozyme 3.4-35%
Ovomucin 1535%
G2 Ovoglohulin 1.0%

G3 Ovoglohulin 1.0%
Ovoflavoprotein 0.8%
Ovostatin 0.5%
Cystatin 0.05%
Avidin 0.05%

Thiamin-binding protein

Glutamyl aminopeptidase

Minor glycoprotein 1

Minor glycoprotein 2

Reference (1) Awade 1996 (2) Sakai et al.

1998

7 Allergens of Hen's Egg White

Proteins/ Glycoproteins Allergen Nomenclature References

Ovomucoid [28 kDd] Gadi Langeland T (198%)
Ovalbumin [44 kDa] Gad2 Langeland T (1982h)
Ovotransferrin [77 kDa] Gad3 Langeland & Harhitz (1983
Lysozyme [14 kD3] Ga d4 Hoffman 1983

Ovomucin none Walsh et al. 1988
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7.1 Sensitization to Egg White Allergens
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Country / Subjeds

Sengitivity to

References

Austria, Vienna
13 petients with egg white all ergy

40-45 kDa dlergen 100%

35 kDa dlergen 76%
70 kDa dlergen 61%

Szepfalus et al. 1994

Denmark
32 adults with suspeded egg all ergy

ovomucoid 346
ovalbumin 9%
ovatransferrin 22%
lysozyme 6%
(dot-immunohlot)

Djurtoft et al. 1991

Denmark
34 eggallergic adults

ovomucoid 38%
ovalbumin 32%
ovatransferrin 53%

lysozyme 15%
(SDS-PAGE / immunobiot)

Aabin et al. 1996

France, Nancy
52 egg adl ergic patients

lysozyme 35% (RAST)

Fremont et al. 1997

Germany, Hamburg
33 egg al ergic patients

ovomucoid 36%

ovalbumin 30%
(SDS-PAGE / immunobiot)

Beder et al. 1997

Japan
39 egg al ergic patients

lysozyme 67% (RAST)

Yamada et al. 1993

Japan, Toyoake
72 egg dlergic patients

deaeasing spedfic serum IgE against
OM>0A>>0T>LY (RAST)

Urisu et al. 1997

Norway, Oso
68 egg al ergic patients

ovomucoid 696
ovalbumin 100%

ovatransferrin 54%
(CRIE)

Langeland 1982, 1983

USA, Baltimore, MD

ovomucoid 8%%6
ovalbumin 78%

Bernhisdl-Broadbent et al.

33 egg alergic patients

lysozyme 69%
(RAST)

18eggallergic chil dren lysozyme 61% 1994
(skin prick test)
. ovamucoid:
USA, Baltimore, MD
eggallergic chil dren: 8 44.5 ng/ml b) 3.5 ng/ml Bernhisel-Broadbent et al.
a) 10 persistent allergy ovalbumin: 1994
b) 11 ceveloped dlinical tolerance 8 1.6 ng/mi b) 1.5 ng/ml
(spedfic serum-IgE)
ovamucoid 976
ovalbumin 100%
USA, NC ovatransferrin 94% Hoffmann 1983
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7.2 Properties of Ovomucoid

7.2.1 Moleaular Biological Properties
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Ovomucoid (OM)

References

Allergen Nomenclature Gald 1

(1) King et al. 1994

I soallergens and Variants
2 genetic variants @) whole sequence of 186aaresidues and b) deletion of Val-134-Ser-
135(1)

(1) Kato et al. 1987

Molecular Mass Mr 28.0 kDa(1, 3)

26.0-27.7 kDain mass pedrometry (2)
25-31 kDa unresolved dstribution in mass gpedrometry (3)

(1) Holen & Elsayed 1990

(2) Haginaka et al. 1995
(3) Beder et al. 1997

| soelectric Point pl 4.4-4.6
2 isoformsin IEF/PAGE (1)

(1) Holen & Elsayed 1990

Amino Acid Sequence, mRNA, and cDNA

Gald1l

SWISSPROT: P01005
GenBank: J00902

PIR: A01239
Amino acids 186residues (3)
mMRNA 821bp (2)
cDNA 5.6 kb (1)

(1) Lai etal. 1979

(2) Catterall et al. 1980
(3) Kato et al. 1987

recombinant Protein
expresson in Escherichia coli:

domain | (OM 1-68) (Mr 7500 (3)
domain Il (OM 131-186) (1, 2)

(1) Hinck et al. 1993

(2) Kojimaet a. 1994
(3) DeKoster & Robertson 1997

3D-Structure

X-ray studies of enzyme complex with domain Ill from turkey OM (1)
NMR studies of domain Ill from turkey OM (3, 4)

NMR studies of OM-glycopeptide (2)

NMR studies of a penta-antennary N-glycan (5)

(1) Bode @ al. 1986
(2) Davis et al. 1994
(3) Krezd et al. 1994

(4) Hoogstraten et al. 1995
(5) Rutherford et al. 1995

Posttrandational Modifications

Disulfide bonds

9 disulfide bonds; 5-44, 22-41, 30-62, 70-109, 87-106, 95-127, 138168 146165, 154
186(2, 6)

Glycosylation of OM:

carbohydrate @ntent: 22-29% of whole Mr (1)

carbohydrate composition: 14-16% GIcNAc, 6.5-8.5% Man, 0.5-4.0% Gal and, 0.04-
2.2% NeuNAc (1)

5 N-glycosylation sites: 10, 53, 69, 75 and partly 175(3, 7)

covalent multiantennary structures of glycans (sequential exoglucosidase digest, mass
spedrometry) (4, 5, 8)

hydraznolysis of sialyl-oli gosaccharides and sialydase digestion (6)

(1) Bedey 1971
(2) Bedey 1976

(3) Bedey 1976
(4) Yamashita et al. 1982

(5) Yamashita et al. 1983
(6) Yamashita et al. 1984

(7) Kato et al. 1987
(8) Yet et al. 1988
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Biological Function

serin protease inhibitor, Kazd family of protease inhibitors (1)
3 tandem domains (1):

domain | (OM 1-68)

domain Il (OM 65-130)

domain Il (OM 131-186)
active sites: 24-25, 89-90, 148149 (1)

http://www. food -allergens.de

(1) Kato et al. 1987

Stability

lower trypsin-inhibitory activity and heat denaturation stability of chemically
deglycosylated OM (1)

glycosylated first domain hasincreased thermal stability in comparison with
recombinant domain | (2)

(1) Guetal.1989
(2) DeKoster & Robertson 1997

7.2.2 Allergenic Properties

Ovomucoid (OM) References
Frequency of Senditization (1) see6.1 Sensitizaion to Eqg
IgE-binding to OM in 34 to 97 % of patients (1) White Allergens

IgE-binding of OM Domains
Average percentage of spedfic serum IgE*:

Domain/Ref. @ ()] (©)]

| (OM 1-68) - 33% 12%

II (OM 65-130 - * 48% 16%
I (OM 131-186) - 28% -

glycosylated 35% - 27%

non-glycosylated <4% - 47%

45 children with
atopic dermatiti s
(median percentage)
* total OM-spedfic serum IgE = 100% (RAST / EAST)

** domains |+l (OM 1-130) = 78%

2 (medium
percentage)

9 children (medium

No. of Patients percentage)

(1) Matsuda et al. 1986

(2) Codke & Sampson 1997
(3) Zhang & Mine 1998
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B-Cell Epitopes

IgE binding sites located on:

OM 1-20 (synthetic peptide) (b) (3)
OM 40-50 (synthetic peptide) (b) (6)
OM 49-56 (synthetic peptide) (b) (3)
OM 56-66 (synthetic peptide) (b) (6)
OM 71-75 (synthetic peptide) (b) (6)
OM 81-91 (synthetic peptide) (b) (6)
OM 85-96 (synthetic peptide) (b) (3)
OM 90-121 (trypsin digest) (a) (5)

OM 115122 (synthetic peptide) (b) (3)
OM 134-186 (pepsin digest) (@) (5)
OM 161-174 (synthetic peptide) (b) (6)
OM 175186 (synthetic peptide) (b) (3)
OM 179186 (synthetic peptide) (b) (6)

Carbohydrate goitopes:

Spedfic serum IgE against N-glycosylated domain Il (Asn-175) higher than against
non-glycosylated domain Il in eggallergic patients (c) (1)

Spedfic serum IgE against N-glycosylated domain 11l (Asn-175) lower than against
non-glycosylated domain Il in eggallergic patients (c) (4)

No differencein IgE-binding of OM and deglycosylated OM (a, ¢) (2)

http://www. food -allergens.de

(1) Matsuda et al. 1985

(2) Beder et al. 1997

(3) Codke & Sampson 1997
(4) Zhang & Mine 1998

(5) Beder et al. 1999

(6) Mine & Zhang 1999

Applied methods:
() SDS-PAGE / immunohbl ot

(b) dot / immunobl ot
(c) EAST / RAST inhibition

T-Céll Epitopes
T-Cel Proliferation with:

domain | (OM 1-68)

domain Il (OM 65-130) (predominant)
domain Il (OM 131-186) (predominant)
in 4 egg al ergic patients (1)

domain | (OM 1-68) in 28%'

domain Il (OM 65-130) in 55%

domain Il (OM 131-186) in 64%

of 33 (' 29) egg alergic children with atopic dermatitis (3)

whole OM (2)

(1) Eigenmann et al. 1996

(2) Holen & Elsayed 1996
(3) Codke & Sampson 1997

T-Cells/ Cytokines

PBMC stimulation with OM: expresson of IL-5in 4 egg all ergic patients, OM spedfic
T-cdl linesmainly CD3+ (of which 75-97% were CD4+ T-cdls), CD8+ phenotypes <
25% (1)

(1) Eigenmann et al. 1996
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Alteration of Allergenicity

Cyanogen bromide deavage:

no changein IgE- and 1gG-binding in 6 OM all ergic patients (direa ELISA) (1)
6 of 6 sera showed IgE binding OM fragments (SDS-PAGE immunohblot) (3)

Deglycosylation: seecarbohydrate epitopes

Digestion

5 of 6 sera showed IgE binding to trypsin digested OM, 1of 6 to pepsin digest, and 2 of
6 to thermolysin digest (SDS-PAGE immunobiot) (3)

pepsin, trypsin, and chymotrypsin preparations of OM showed high IgE binding
activitiesin DBPCFC positive egg white all ergic children (RAST inhibition) (4)

Performic acid oxidation:

no changein IgE- (max. inhibition 93%) and deaeased 1gG-binding (max. inhibition
3%%) in 7 egg all ergic patients (EAST inhibition) (2)

increased PBMC proliferation in 11 egg al ergic patients (2)

Reduction and alkylation:

IgE-binding lost in 4/6 and retained in 2/6 OM all ergic patients, respedively (1)
IgG-binding lost in 4/6 and retained in 2/6 OM all ergic patients, respedively (1)
deaeased IgE-(max. inhibition 72%) and deaeased |gG-binding (max. inhibition
82%) in 7 egg all ergic patients (EAST inhibition) (2)

increased PBMC proliferation in 11 egg al ergic patients (2)

http://www. food -allergens.de

(1) Djurtoft et al. 1991
(2) Codke & Sampson 1997

(3) Beder et al. 1999
(4) Urisu et al. 1999




Internet Symposium on Food Allergens 2(Suppl.1):2000

7.3 Properties of Ovalbumin

7.3.1 Moleaular Biological Properties
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Ovalbumin (OA)

References

Allergen Nomenclature Gald 2

(1) King et al. 1994

I soallergens and Variants
Asn / Asp replacement at residue 311 (1)

(1) Nisbet et al. 1981

Molecular Mass Mr 44.0-45.0 kDa
6 and 4 isoforms by mass pedrometry, respedively (1, 2)

(1) Kelly et al. 1996
(2) Chakel et a 1997

| soelectric Point pl 4.6

(1) Holen & Elsayed 1990

Amino Acid Sequence, mRNA, and cDNA

Gal d2

SWISSPROT: P01012

GenBank: J00895 V00438 V00383 M34352 M34346
PIR: A90455

Amino acids 385residues (6)

mRNA 1859bp (1), 1872bp (4, 7)

cDNA 7.564 kb (2, 3,5, 7)

(1) McReynolds et al. 1978
(2) Duggiczyk et al. 1979
(3) Gannon et al. 1979

(4) OHare @ al. 1979

(5) Caterall et al. 1980

(6) Nisbet et al. 1981
(7) Wooet a.1981

recombinant Protein

expresson in Escherichiacoli (1)

Japanese quail OA expresgon in Saccharomyces cerevisiae (7)
expresson in mouse cdls (2)

expresson in Xenopus laevis oocytes (3)

OA and OA mutant expresson in mouse L cdls (5, 6)
expresson in human breast carcinoma cdl li ne (4)

(1) Fraser & Bruce1978

(2) Lai et al. 1980

(3) Caman et al. 1981

(4) Lai et al. 1983

(5) Sheares & Robkins 1986

(6) Sheares 1988
(7) Krizkova et al. 1992

3D-Structure

X-ray studies of OA (1, 3)

X-ray of plakalbumin (2)

OA 257-264in complex with the murine MHC class| H-2Kb moleale (4)

(1) Stein et al. 1990
(2) Wright et al. 1990

(3) Steinet al. 1991
(4) Fremont et al. 1995
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Posttrandational Modifications

Aceylation:
N-terminal aceylation (3)

Disulfide Bridges.
1 dsulfide bond: 73-120(3)
4 freeCysresidues

Glycosylation of OA:

carbohydrate amntent: 3.2% of whole Mr (1)

carbohydrate composition: 1.2% GIcNAc, 1.7-2.0% Man (1)

1 N-glycosylation site: Asn-292(3)

hydraznolysis of sialyl-oli gosaccharides and sialydase digestion (4)

isolation and mass pedrometry of OA-glycans (5)

purified gycopeptides characterized by sequential exoglycosidase digestion (9)
sequential exoglycosidase digestion and mass pedrometry of glycans (11)
transiently diglycosylated ovalbumin (Asn-292, Asn-311) in hen oviduct (12)
glycosylation of recombinant OA (6, 7)

Phosphorylation of OA:

2 phosphorylation sites: Ser-68, Ser-344(2, 3)

posphate ntent: 1.73 mol/mol OA (10)

variants: Al, A2, or A3 depending on 2, 1, or no phosphorylation, ratios AL:A2:A3 =
1271 (8)

separation by capill ary isoeledric focussng and mass gedrometry of mono- and
diphospho-OA (13)

http://www. food -allergens.de

(1) Robinson 1972

(2) Henderson et al. 1981
(3) Nisbet et al. 1981

(4) Yamashita et al. 1984
(5) Chen et al. 1988

(6) Sheares & Robkins 1986
(7) Sheares 1988

(8) Burley & Vadehra 1989
(9) Rago et al. 1992

(10) Ekman & Jager 1993
(1D Kuster et al. 1997

(12) Suzuki et a. 1997
(13) Wei et al. 1998

Biological Function

function unknown, OA belongs to serpin family of protease inhibitors (1)
active site: 352353

(1) Burley & Vadehra 1989

Stability
conversion to S-Ovalbumin by heat or storage (1, 2)

5% S-form in fresh eggs, 81% in eggs tored for 6 months (1)
S-form more resistant to denaturation by heat, urea, or guanidine (2)

(1) Smith 1964
(2) Smith & Back 1965
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7.3.2 Allergenic Properties
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Ovalbumin (OA) References
Frequency of Senditization (1) see6.1 Sensitizaion to Eqg
IgE-binding to OA in 9 to 100% of patients (1) White Allergens

Immunoglobulines
IgM, 1gG, IgE production by OA-spedfic B-Cdls (1)
lower OA-spedfic IgA production in egg allergic children (2)

(1) Ohshiba & Yata1991
(2) Nomaet al. 1996

B-Cell Epitopes

IgE binding sites located on:

OA 1-10 (synthetic peptide) (c) (1)

OA 11-19 (synthetic peptide) (c) (4)
OA 41-171 (CNBr-fragement) (a) (3)
OA 56-70 (synthetic peptide) (c) (4)
OA 301-385 (CNBr-fragment) (a) (3)
OA 323339 (synthetic peptide) (b, ) (2)
OA 347-385(V8 protease digest) (a) (5)
OA 347-366 (synthetic peptide) (d) (5)
OA 357-366 (synthetic peptide) (e) (5)

OA 357-376 (synthetic peptide) (d) (5)
OA 367-385 (synthetic peptide) (d) (5)

(1) Elsayed et al. 1988
(2) Johnsen & Elsayed 1990
(3) Kahlert et al. 1992
(4) Elsyed & Stavseng 1994
(5) Honmaet al. 1996

Applied methods:

() SDS-PAGE / immunobl ot
(b) CRIE

(c) EAST / RAST-inhibition

(d) Histamine Release

(e) Histamine Release inhibition

T-Céll Epitopes

Spedfic T-Cell Proliferation with:
OA 1-33 (synthetic peptide) (3)

OA 105122 (synthetic peptide) (2)
OA 198231 (synthetic peptide) (3)
OA 201-213(synthetic peptide) (3)
OA 261-277 (synthetic peptide) (3)
OA 323339 (synthetic peptide) (1, 2)

with whole OA (1, 2)

(1) Shimojo et al. 1994

(2) Holen & Elsayed 1996
(3) Katsuki et al. 1996

PBMC Proliferation

stimulation with OA

positive PBMC proliferation in 10 egg al ergic patients (4)

deaeased proliferation during elimination dietsin egg all ergic patients with atopic
dermatitis (2)

higher proliferation in egg all ergic patients with atopic dermatitis siowing non-
immediate symptoms to aral chall enge than in patients showing immediate type
symptoms (1, 3)

increased proliferation in all ergy devel oping infants (5)

higher proliferation in egg all ergic chil dren with persisting symptoms of atopic dermatitis
(6)

(1) Kondo et al. 1990

(2) Agata et al. 1993

(3) Fukutomi et al. 1994
(4) Eigenmann et al. 1996

(5) Miles et al. 1996
(6) Shinoda et al. 1997

PBMC Stimulation / Cytokines

PBMC stimulation with OA:

increase of PBMC proliferation and deaease in IFN-gamma in egg al ergic infants with
atopic dermatitis (1)

increase of 1L4 and deaeasein IFN-gammain egg al ergic cildren with atopic
dermatiti s (not in outgrown and healthy children) (2)

increase of |FN-gamma (exclusively by simultaneous IL-2 stimulation) in egg all ergic
patients (3)

increase of IL-5 mMRNA in eggallergic children (not in outgrown and healthy chil dren)
(4)

(1) Warner et al. 1994
(2) Nomaet a. 1996

(3) Shinbaraet al. 1996
(4) Tomiita et a. 1998
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T-Cell Lines (TCL) / Cytokines

OA-stimulated lymphocytes from egg all ergic patients induced |L-2-responsivenessof T-
Cdls (CD4+), induction of T-Cell responsivenessinhibited by anti-HLA-DP and anti-
HLA-DQ monoclonal antibodies (1, 3)

Antibody to CD45RA+ (CD4+ T-Cells) induced IL-2 responsivenessin lymphocytes of
non-all ergic patients, but did not increase responsivenessin egg all ergic patients (2)

Anti-HLA-DP monoclonal antibodiesinhibited T-Cell proliferation in 5 eggalergic
patients, anti-HLA-DQ monoclonal antibodies restored T-Cédll proliferation in 2 egg

alergic patients with atopic dermatiti s (5)

OA-spedfic TCL ( CD4+, alphabeta T-Cell receptors) reagnized OA presented by
HLA-DR10, production of IL-5 on stimulation with OA or OA 323339 observed (1 egg

alergic patient) (4)

30 OA-spedfic TCL mainly CD4+ T-Cdls sgnificant production of IL-4 and IL-5, low
production of IFN-gamma (6 egg al ergic patients with atopic dermatitis) (6)

28 OA- or casein-spedfic T-Cdl clones (TCC) (16 CD8+) from egg and cow's milk
alergic patient, 75% of CD4+ TCC and 44% of CD8+ TCC seaeted IL-4 (7)

http://www. food -allergens.de

(1) Nomaet al. 1990
(2) Kawano et al. 1992
(3) Nomaet al. 1994
(4) Shimojoet a. 1994
(5) Shinbaraet al. 1995

(6) Katsuki et al. 1996
(7) Rekers et al. 1996

Alteration of Allergenicity

Acidic treatment:

HCI, pH 3.0: increased IgE-binding in EAST (157% of binding to native OA, for IgG
122%, IgA 104%) (2)

Alkaline treatment:
NaOH, pH 11 overnight: deaeased IgE-binding in EAST (0.4% of binding to native OA,
for 1gG 5.2%, IgA 27%) (2)

Cyanogen bromide deavage:
deaeased 50%-inhibition of IgE-binding in RAST (1)

Pepsin hydrolysis:
limited hydrolysis deaeased IgE-binding (max. inhibiti on: 50%) in RAST (1)

Reduction and alkylation:

deaeased IgE-binding (max. inhibition: 20%) in RAST (1)

no changein in IgE-binding in EAST (89% of binding to native OA, for IgG 100%, IgA
111%) (2)

Heat denaturation:

80°C, 10 min and treatment with urea or guanidine HCI resulted in no changein RAST
inhibition (1)

100°C, 3 min: deaeased IgE-binding in EAST (9.4% of binding to native OA, for IgG
3%, IgA 76%) (2)

Trypsin hydrolysis.
deaeased 50%- inhibition of IgE-binding in RAST (1)

Urea denaturation:
increased IgE-binding in EAST (136% of binding to native OA, for 1gG 120%, IgA
133%) (2)

(1) Elsayed et al. 1986
(2) Honmaet al. 1994
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7.4 Properties of Ovotransferrin

7.4.1 Moleaular Biological Properties

Ovotransferrin (OT) References
Allergen Nomenclature Gal d 3 (1) King et al. 1994

I soallergens and Variants
5 isoforms with replacement of residues: 64 (A/V), 81 (V/I), 135(R/W), 220221 (Q/K- |(1) SWISSPROT: P01012
L/N), 667 (SIN) (1)

Molecular Mass Mr 77.3-77.7 kDa
4 isoforms by mass gedrometry (1)

| soelectric Point pl 5.6-6.2 (1)
iron-freeform: pl 7.17, monoferric form: pl 6.68, 2 Fe/mal OT: pl 6.24and pl 6.09

(1) Awade ¢ al. 1994

(1) Holen & Elsayed 1990
(2) Richards & Huang 1997

(clEF) (2)

Amino Acid Sequence, mRNA, and cDNA

Gal d3

SWISSPROT: P02789

GenBank: X02009 Y 00407 (1) Williams et al. 1982
PIR: A03262 TFCHE (2) Jdtsch & Chambon 1982
Amino acids 686 residues (1) (3) Jdtsch et al. 1987
mMRNA 2376bp (2)

cDNA 11068bp (3)

recombinant OT
expresson in baby hamster kidney cdls (1)

3D-Structure
monoferric N-terminal half-moleaule (1)

(1) Mason et al. 1996

(1) Dewan et al. 1993

Posttrandational Modifications

Disulfide bonds:
12 dsulfide bonds: 10-45, 115197, 160-174 171-182, 228242, 348-380, 405-680,
421-643 454530, 478671, 488502, 499513 (2) additional bonds: 20-36/ 358371/

570584 (2) .
(1) Robinson 1972

(2) Willi ams et al. 1982

(3) Yet et al. 1990
(4) Jacquinot et al. 1994

Glycosylation of OT:

carbohydrate @ntent: 2.6% of whole Mr (1)

carbohydrate composition: 1.7% GIcNAc, 0.9% Man (1)

1 N-glycosylation site: 473

structures of glycans (mass pedrometry) (3)

biantennary glycans (hydraznolysis, methanolysis, methylation analysis and, 1H-NMR
spedroscopy) (4)

Biological Function
iron transport:
domain | 1-332

domain Il 342-686 (1) SWISSPROT
active sites: iron binding 60/ 92, 191/ 250, 395/ 431, 524/ 592, anion bindung: 121/ |(2) Valenti et al. 1983

460(1)

antimicrobial activity (2)
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7.4.2 Allergenic Properties
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Ovotransferrin (OT) References

Frequency of Sensitization
IgE-binding to OT in 22to 94 % of patients (1)

(1) seeb.1 Sensitizaion to Egg White Allergens

7.5 Properties of L ysozyme

7.5.1 Moleaular Biological Properties

Lysozyme (LY)

References

Allergen Nomenclature Gal d 4

(1) King et al. 1994

Molecular Mass Mr 14.3 kDa

(1) Awade ¢ al. 1994

| soelectric Point pl 11

(1) Holen & Elsayed 1990

Amino Acid Sequence

Gald1l

SWISSPROT: P0O0698

GenBank: M1064Q J00885 V00428
PIR: A00853 A41423

Amino acids 129residues (1, 4)

mRNA 584bp (3)

cDNA 39 kb (2

(1) Blake @ al. 1965
(2) Baldacd et al. 1979

(3) Jung et al. 1980
(4) Imoto et al. 1981

recombinant LY
Expresson in Aspergill us niger (1, 8)

Expresson in Escherichiacoli (5, 14)
Expresgon of LY mutantsin Escherichiacoli (7, 9)

Expresgon in Lactococcus lactis (4)
Expresgon of LY mutantsin Saccharomyces cerevisiae (2, 3, 7, 11, 13)
Expresson of glycosylated mutantsin yeast (6, 15) and tabacoo (15)

Expresson by phage display of LY (12)

(1) Archer et a. 1990

(2) Inoue @ al. 1992a

(3) Inoue @ al. 1992a

(4) van de Guchte @ al. 1992
(5) Fischer et al. 1993

(6) Nakamura et al. 1993

(7) Ueda et al. 1993

(8) Jeeneset al. 1994

(9) Tachibana et al. 1994
(10) Tsumoto et al. 1995
(12) Hashimoto et al. 1996
(12) Maenaka et al. 1996
(13) Ueda et al. 1996

(14) De Bernardez Clark et al. 1998

(15) Kato et al. 1998
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3D-Structure

X-ray of LY (1)

NMR study comparison with X-ray data (2)

NMRof LY (4)

15N-labeled LY (NMR studies) (3)

NMR studies of oxidized, reduced and, denatured LY (9)
antibody-LY complexes (3, review: 8)

antibody-LY mutant complex (6)

LY mutants (X-ray) (7)

murine MHC Il - LY 50-62 complex (10)
moleaular modeling of murine MHC Il - LY 52-61 complex (11)

http://www. food -allergens.de

(1) Blake ¢ al. 1965

(2) Redfield et al. 1988

(3) Fischmann et al. 1991
(4) Bartik et al. 1993

(5) Buck et al. 1995, 199%
(6) Chacko et al. 1995

(7) Shih et al. 1995

(8) Bentley 1996

(9) Schwalbe @ al. 1997

(10) Fremont et al. 1998
(11) Weber et al. 1998

Posttrandational Modifications
Disulfide bonds:
4 dsulfide bonds: 24-145, 48-133, 82-98, 94-112(1)

Glycosylation of LY:
glycosylated LY (Mr 18 kDa): 0.3% of total LY in commercial preparation (2)

(1) Haeffner-Gormley et al. 1985
(2) Trudd & Asslin 1995

Biological Function

bacteriolytic function: muramidase and chiti nase activity
1,4-beta-N-Aceayl-muramidase C (EC 3.2.1.17)

active sites: 35/ 52, substrate binding: 101 (1)

(1) Kirby 1987

7.5.2 Allergenic Properties

Lysozyme (LY)

References

Frequency of Senditization
IgE-binding to OT in 6 to 69 % of patients (1)

(1) seeb.1 Sensitizaion to Eqg
White Allergens

PBMC / T-Céell proliferation
lymphocyte transformation test (LTT) LY (2, 3)
TCL Proliferation induced by LY (2)

(1) Pichler & Campi 1993
(2) Holen & Elsayed 1996
(3) Nyfeler & Pichler 1997

8 lsolation & Preparation

Extract / Purified Allergens M ethods

References

ovamucoid, ovalbumin, lysozyme IEC-HPLC

Bernhisdl-Broadbent et al. 1994

ovomucoid, ovalbumin, ovatransferrin,

IEC/ SEC
lysozyme

Awade ¢ al. 1994
Ebbehoj et al. 1995

ovomucoid, ovalbumin, ovatransferrin,

lysozyme capill ary eledrophoresis

Beder et al. 1998

review: liquid chromatography

eggwhite/ yolk proteins applications

Awade 1996
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ovamucoid, ovatransferrin, lysozyme

6 egg al ergic patients (RAST inhibiti on)

CrossReacting Allergensto Subjeds/ Methods References
Egg White . : o .

. .
egg yolk, chicken serum, chicken meat egg al ergic patients (quantitative immunoel edrophoresis) Langeland 1983
Egg White . : .
eggyolk 6 egg al ergic patients (RAST inhibiti on) Anet et a. 1985
Ovalbumin

Walsh et al. 1987

a pha-lactalbumin (cow's milk)

6 egg al ergic patients (RAST inhibiti on)

Ovalbumin : . S
apovitellenin | (egg yolk) 4 egg dl ergic patients (RAST inhibiti on) Walsh et al. 1987
Lysozyme

Walsh et al. 1987

10 Stability of Egg White Allergens

9 household cleaning solutions and 5
chemical detergents mixed with egg
white all ergen extract, incubation for
20minat RT

Soft soap and sodium lauryl sulphate reduced IgE- binding to
alergens; none of the detergents totall y destroyed the

al ergenic activities, even in concentrations up to 10 times of
remommended (CIE, CRIE, serum pod of >5 patients)

Treatment Effeds References
Egg White Lo .

some antigenicity retained,
hard-baled (100°C, 20 min) oval bumir? and o)\//omucoid were detedable (RIEP) Hoffmann 1983
soft-baled (100°C, 3 min)
Egg White significantly deaeased RAST for 50% of 16 egg al ergic
dil uted and heated (9C°C, 10 min) | patients Anetetd. 1985
Egg White

Dybendal et al. 1990

Dried Whole Egg

(1) heat (120°C, 40 min)

(2) sucdnic anhydride, sodium
hydroxide and heat

(1) no significant deaeasein antigenicity
(2) deaeased antigenicity (1/1000
(ELISA/RAST inhibition, PCA)

Hisatomi et al. 1991

Egg White
(1) heat (90°C, 60 min)

(1) 55% negative thallenge in patients with positive
chall enge to freeze-dried egg white

(1) raw pastes
(2) pasteurized (70°C, 2 h)
(3) sterilized (115°C, 90 min)

PAGE immunohlot: 2 patients)

(2) ovomucoid-depletion of heated | (2) 94% negative dhallenge in patients with positive Urisuetal. 1997
egg white chall enge to heated egg white (DBPCFC)
Spedfic IgE, 1gG1 and 1gG antibody responses in ovalbumin-
sensiti zed mice suppressed by raw egg white, not suppressed
Egg White by ball ed egg white fed prior to sensiti zation; mice spleen cdl Peng et a. 1998
badili ng (for 5 or 60 min) proliferation and seaetion of Th2 cytokines IL-4 and IL-5 by
stimulation with ovalbumin suppressed by feeding raw egg
white, but not by bail ed egg white
Pork Meat Pastes
containing 2% dr white powder
g <oty &9 P Detedion of egg white all ergens by patients serain (1) and
(2), but not in sterili zed paste (3) (EAST: 3 petients, |IEF- Leduc ¢ al. 1999

of ovalbumin, ovomucoid
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11 Allergen Sources
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Reported Adverse Reactions

References

Food

eggin hamburger roll (1)

egg in meatball s containing 0.14% and 0.16% ovalbumin, in pasta containing 0.003
0.013% ovalbumin (2)

lysozyme: unlabeled additi ve in cheese preparation (3)

(1) Sampson et al. 1992

(2) Mamheden Yman et al. 1994

(3) Fremont et al. 1997

Vaccines
egg white: influenzavirus vacdne (1, 4)
egg white: influenza A/New Jersey/76 virus vacanes (2)

ovalbumin / egg white: measles vacdne (3, 6)
egg white: meades-mumps-rubella vacdne (5, 7)

(1) Davies & Pepys 1976
(2) Bel etal. 1977

(3) Herman et al. 1983
(4) Yamane d al. 1988
(5) Levine & Lavi 1991
(6) Aickin et al. 1994
(7) Levy et al. 1994

Other Pharmaceuticals
lysozyme / egg white: vaginal suppository (1)

(1) Pichler & Campi 1993

Allergensin Food

Products Content / Products

References

Allergenicity of microparticulated egg and cow's milk
proteinsin fat substitues (Simpless, BetalL): No
ateration of all ergenic potenciesin SDS-PAGE
immunobl ot

Fat Substitutes
13(16) egg and/or cow's milk
alergic patients

(1) Sampson & Cooke 1990
(2) Sampson & Cooke 1992

Ovomucoid in Egg Yolk Heat-coagulated egg yolk (bailed egg, 15 min):

Determination by ELISA and

Ovomucoid 4.8 +/- 0.8 ug/g, content increased upto 78.8

Sakai et al. 1998

immunoblot

+/- 31.3 ug/g after standing of bal ed egg for 120 min; not
detedable in raw egg yolk

Egg White Preparations
2 eggwhite all ergic patients
(IEF-PAGE immunobiot)

IgE-binding proteinsin

pasteurized egg white powder, frozen and pasteurized egg
white, liquid pasteurized egg white and pork meat pastes
containing 2% dry powder

Leduc @ al. 1999

¢ ¢ ¢ ¢ceoc €

©

12 References

Aabin B, Poulsen LK, Ebbehg K, Nargaad A, Frekisar H, Binddev-Jensen C, Barkholt V (1996 I denfication of IgE-
binding egg white proteins: comparison of results obtained by different methods Int Arch Allergy Imnmund 10950-57
Agata H, Kondo N, Fukutomi O, Shinoda S, Orii T (1993 Effed of elimination diets on food-spedfic IgE antibodies
and lymphocyte prdliferative responsesto food antigensin atopic dermatitis patients exhibiting sensitivity to food
allergens J Allergy Clin Imnmund 91(2):66879

Aickin R, Hill D, Kemp A (1994 Meadesimmunisation in children with allergy to egg BMJ 23, 3096949:2235
AndreF, Andre C, Colin L, Cacaraci F, Cavagna S (1994 Role of new all ergens and of all ergens consumption in the
increased incidence of food sensitizationsin France Toxicology 93(1): 77-83

Anet J, Back JF, Baker RS, Barnett D, Burley RW & Howden MEH (1985 Allergensin the white and yolk of hen's
egg. A study of IgE binding by egg proteins Int Arch Allergy Imnmund 77:364-371

Anibarro Bausela B, Garcia-Ara MC, Martin-Esteban M, Boyano-Martinez TB, DiazPena JM, Ojeda-Casas JA (1997
Peauliarities of egg dlergy in children with bird protein sensitization Ann Allergy Asthma Imnund 78(2):213-6
Archer DB, Jeenes DJ, MacKenzie DA, Brightwell G, Lambert N, Lowe G, Radford SE, Dobson CM (1990 Hen egg
white lysozyme expressd in, and secreted from, Aspergill us niger is correctly processed and folded Biotechndogy
(NY) 8(8):741-5

Awade AC (1996 On hen egg fractionation: applications of liquid chromatography to the isolation and the
purification of hen eggwhite and egg yolk proteins Z Lebensm Unters Forsch 2021-14



Internet Symposium on Food Allergens 2(Suppl.1):2000 http://www. food -allergens.de

[~

[ o

©

¢ ¢ ¢ ¢ ¢© ¢¢ © © © ¢© ¢ © cocoOOUO

€ © © © ¢© ©

[ o

Awade AC, Moreau S, Malle D, Brule G, Maubais 1 (1994 Two-step chromatographic procedure for the
purification of hen eggwhite ovomucin, lysozyme, ovatransferrin and ovalbumin and characterization of purified
proteins J Chromatogr A 677:279-288

Baldacd P, Royal A, Cami B, Perrin F, Krust A, Garapin A, Kourilsky P (1979 Isolation of the lysozyme gene of
chicken Nucleic Acids Res 6(8):266781

Bartik K, Dobson CM, Redfield C (1993 1H-NMR analysis of turkey egg-white lysozyme and comparison with hen
egg-white lysozyme Eur J Biochem 2152): 25566

Bedey JG (197]) Theisolation of ovamucoid variants differing in car bohydrate composition Biochem J 123399405
Bedey JG (1976&) Active fragments obtained by cyanogen bromide deavage of ovomucoid Biochem J 155345351
Bedey JG (197@) L ocation of the aarbohydrate gr oups of ovomucoid Biochem J 159 335-345

Bell TD, Leffert F, McIntosh K (1977 M onovalent influenza A/New Jersey/76 virus vaccinesin asthmatic children:
pulmonary function and skin testsfor allergy J Infed Dis 136 SuppS6125

Bentley GA (1996 The crystal structures of complexes formed between lysozyme and antibody fragments EXS
75:301-19

Bernhisd-Broadbent J, Dintzis HM, Dintzis RZ, Sampson HA (1994 Allergenicity and antigenicity of chicken egg
ovomucoid (Gal d Il ) compared with ovalbumin (Gal d I) in children with egg dlergy and in miceJ Allergy Clin
Immund 93(6): 104759

Bernstein DI, Smith AB, Moaller DR, Gallagher JS, Aw T-C, London M, Kopp S, Carson G (1987 Clinical and
immunologic studies among egg-processng wor kers with occupational asthma J Allergy Clin Imnund 80:791-797
Beder M, Steinhart H, Paschke A (1997 Allergenicity of hen's egg-white proteins: IgE binding of native and
deglycosylated ovomucoid Food Agric Imnund 9:277-288

Beder M, Steinhart H, Paschke A (1998 Immunological char acterization of eggwhite allergens colleded by
capillary eledrophoresis Food Agric Imnmund 10:157-160

Beder M, Petersen A, Steinhart H, Paschke A (1999 I dentification of |gE-binding peptides derived from chemical
and enzymatic deavage of ovomucoid (Gal d 1) Internet Symposium on Food Allergens 1(1): 1-12

Bishop JM, Hill DJ, Hosking CS (1990 Natural history of cow milk allergy: clinical outcome J Pediatr116(6):862-7
Blake CC, Koenig DF, Mair GA, North AC, Philli ps DC, Sarma VR (1965 Structure of hen egg-white lysozyme. A
three-dimensional Fourier synthesisat 2 Angstrom resolution Nature 206986): 757-61

Blanco-Carmona JG, Juste-Picon S, Garces-Satill os M, Rodriguez-Gaston P 1992Occupational asthmain the
confedionary industry caused by sensitivity to egg Allergy 47(2 Pt 2):190-1

Bode W, Wel AZ, Huber R, Meyer E, Travis J Neumann S (1986 X-ray crystal structure of the mmplex of human
leukocyte dastase (PMN elastase) and the third domain of the turkey ovomucoid inhibitor EMBO J 5:24532458
Bock SA, Atkins FM (1990 Patterns of food hypersensitivity during sixteen year s of double-blind, placebo-
contralled food challenges J Pediatr 117(4):561-7

Bonifaz E, Garofalo L, Monterisi A, Meneghini CL (1978 Foaod allergy in atopic dermatitis. experimental
observations Acta Derm Venereol 58(4): 34952

Buck M, Boyd J, Redfield C, MacKenzie DA, Jeenes DJ, Archer DB, Dobson CM (199%) Structural determinants of
protein dynamics: analysis of 15N NMR relaxation measurements for main-chain and side-chain nuclei of hen egg
white lysozyme Biochemistry 34(12): 404155

Buck M, Schwalbe H, Dobson CM (199%0) Char acterization of confor mational preferencesin a partly folded protein
by heteronuclear NM R spedroscopy: assgnment and secondary structure analysis of hen egg-white lysozymein
trifluor oethanol Biochemistry 34(40):1321932

Burks AW, James JM Hiegel A, Wilson G, Wheder JG, Jones SM, Zuerlein N (1998 Atopic dermatitisand food
hypersensitivity reactions J Pediatr 132(1):132-6

Businco L, Cantani A, Benincori N, Perlini R, Infuss R, De Angelis M, Businco E (1983 Effedivenessof oral sodium
cromoglycate (SCG) in preventing foad all ergy in children Ann Allergy 1983Jul;51(1 Pt 1):47-50

Catteral JF, O'Malley BW, Robertson MA, Staden R, Tanaka Y, BrownleeGG 1978Nucleotide sequence homology a
12intron--exon junctionsin the chick ovalbumin gene Nature 2755680:510-3

Catteral JF, Stein JP, Kristo P, Means AR, O'Malley BW (1980 Primary sequence of ovomucoid messenger RNA as
determined from cloned complementary DNA J Cell Biol 87(2 Pt 1):480-7

Chake JA, Pungor E jr, Hancock WS, Swedberg SA (1997 Analysis of recombinant DNA-derived glycoproteinsvia
high-perfor mance @pill ary elearophoresis coupled with off-line matrix-asgsted laser desor ption ionization time-
of-flight mass pedrometry J Chromatogr B 689215220

Chacko S, Silverton E, Kam-Morgan L, Smith-Gill S, Cohen G, Davies D (1995 Structure of an antibody-lysozyme
complex unexpeaed effed of conservative mutation J Mol Biol 2453):261-74

Chen LM, Yet MG, Shao MC (1988 New methods for r apid separ ation and detedion of oligosaccharides from
glycoproteins FASEB J 2(12):281924



Internet Symposium on Food Allergens 2(Suppl.1):2000 http://www. food -allergens.de

[~

©

¢ © ©¢o°¢

¢ ¢ ¢ ¢ © ¢ © © © © © ¢©

Clinton PM, Kemeny DM, Amlot P, Urbanek R, Lesoof MH (1986 Histamine release from peripheral blood leucocytes
in egg-allergic patients Clin Allergy 16(4): 34554

Cadman A, Lane CD, Craig R, Boulton A, Mohun T, Morser J(1981) The influence of topology and glycosylation on
the fate of heterologous fcretory proteins made in Xenopus oocytes Eur J Biochem 1132): 33948

Codke SK, Sampson HA (1997 Allergenic properties of ovomucoid in man J Immund 15920262032

Crespo JF, Pascual C, Burks AW, Helm RM & Esteban MM (1995 Frequency of foad allergy in a pediatric population
from Spain Pediatr Allergy Immund 6:39-43

Davies R, Pepys J(1976 Egg dlergy, influenza vaccne, and immunoglobulin E antibody J Allergy Clin Immund
57(4):373-83

Davis Jr, Hirani S, Bartlett C, Reid BR (1994 1H NMR studies on an Asn-linked glycopeptide. GIcNAc-1 C2-N2
bond isrigid in H,O J Biol Chem 2695):3331-8

De Bernardez Clark E, Hevehan D, Szela S, Maachupalli -Reddy J (1998 Oxidative renaturation of hen egg-white
lysozyme. Folding vs aggregation Biotechnd Prog 141):47-54

DeKoster GT, Robertson AD (1997 Thermodynamics of unfolding for Kazal-type serine protease inhibitors:
entropic stabili zation of ovamucoid first domain by glycosylation Biochemistry 36(8):232331

Dewan JC, Mikami B, Hirose M, Sacchettini JC (1993 Structural evidencefor a pH-sensitive dilysinetrigger in the
hen ovatransferrin N-lobe: implicationsfor transferrin iron release Biochemistry 32(45):119638

Djurtoft R, Pedersen HS, Aabin B, Barkholt VV (1991) Studies of foad all ergens: soybean and egg proteins Adv Exp
Med Biol 289281-93

Dugaiczyk A, Woo SL, Colbert DA, Lai EC, MaceML J, OMalley BW (1979 The ovalbumin gene: cloning and
moleaular organization of the entire natural gene Proc Natl Acad Si USA 76(5):22537

Dybendal T, Vik H, Elsayed S (1990 Dust from carpeted and smoath floors--1ll . Trials on denaturation of allergenic
proteins by househald cleaning solutions and chemical detergents Ann Occup Hyg 3421529

Ebbehgj K, Dahl AM, Frekiaa H, Nargaad A, Poulsen LK, Barkholt V (1995 Purification of egg-white allergens
Allergy 50(2):13341

Eigenmann PA, Sampson HA (1998 Interpreting skin prick testsin the evaluation of food allergy in children
Pediatr Allergy Imnund 9(4):18691

Eigenmann PA, Huang SK, Sampson HA (1996 Char acterization of ovomucoid-spedfic T-cedl li nes and clones from
eggallergic subjedas Pediatr Allergy Imnmund 7(1):12-21

Ekman P, Jager O (1993 Quantification of subnanomolar amounts of phosphate bound to seryl and threonyl
residuesin phosphopr oteines using akaline hydroysis and malachite green Anal Biochem 214138141

Elsayed S, Stavseng L (1994 Epitope mapping of region 11-70 of ovalbumin (Gal d I) using five synthetic peptidesint
Arch Allergy Immund 104:65-71

Elsayed S, Hammer AES, Kalvenes MB, Florvaag E, Apold J, Vik H (1986 Antigenic and all ergenic determinants of
ovalbumin. I. Peptide mapping, cleavage at the methionyl peptide bonds and enzmic hydrolysis of native and
carboxymethyl OA Int Arch Allergy Imnmund 79:101-107

Elsayed S, Holen E & Haugstad MB (1988 Antigenic and all ergenic determinants of ovalbumin. Il . The reactivity of
NH ,-terminal decapeptide ScandJ Imnund 27:587-591

Etesamifar M, Withrich B (1998 | gE- mediated food all ergiesincluding oral allergy syndrome in 383 patients
Allergdogie 21:451-7 (in German)

European Commisson (1998 Reportson tasksfor scientific cooperation. The occurre nce of severe food allergiesin
the EU European Comnisson, Diredorate-General Ill, Brussls

Eysink PE, De Jong MH, Bindels PJ, Scharp-Van Der Linden VT, De Groat CJ, Stapd SO, Aaberse RC (1999 Relation
between 1gG antibodiesto foods and | gE antibodies to milk, egg, cat, dog and/or mitein a crosssedional study Clin
Exp Allergy 29(5):60410

Fischer B, Perry B, Philli ps G, Sumner I, Goodenough P (1993 Physiological consequence of expresson of soluble and
active hen egg white lysozyme in Escherichia coli Appl Microbiol Biotechnd 39(4-5):537-40

Fischmann TO, Bentley GA, Bhat TN, Boulot G, MariuzzaRA, Philli ps SE, Tdlo D, Poljak RJ (1991 Crystall ographic
refinement of the three-dimensional structure of the FabD1.3-lysozyme complex at 2.5-A resolution J Biol Chem
266(20):1291520

Fraser TH, BruceBJ (1978 Chicken ovalbumin is /nthesized and secreted by Escherichia coli Proc Natl Acad S
USA 75(12):593640

Fremont DH, Stura EA, Matsumura M, Peterson PA, Wilson 1A (1995 Crystal structure of an H-2K b-ovalbumin
peptide complex revealsthe interplay of primary and secondary anchor positionsin the major histocompatibili ty
complex binding groove Proc Natl Acad i USA 92(7):247983

Fremont DH, Monnaie D, Nelson CA, Hendrickson WA, Unanue ER (1998 Crystal structure of 1-Ak in complex with
a dominant epitope of lysozyme Imnunity 8(3): 30517



Internet Symposium on Food Allergens 2(Suppl.1):2000 http://www. food -allergens.de

©

©

€ © ©€ © © ¢°U

¢ © © © € © ¢o°¢C

©

[~

Fremont S, Kanny G, Nicolas P, Moneret-Vautrin DA (1997 Prevalence of lysozyme sensitization in an egg-all ergic
population Allergy 52(2):224-8

Fukutomi O, Kondo N, Agata H, Shinoda S, Kuwabara N, Shinbara M, Orii T (1994 Timing of onset of allergic
symptoms as a response to a double-blind, placebo-controlled food challenge in patients with food all ergy combined
with a radioall ergosor bent test and the evaluation of proliferative lymphocyte responses Int Arch Allergy Imnund
104(4):352-7

Gannon F, O'Hare K, Perrin F, LePennecJP, Benoist C, Cochet M, Breathnach R, Royal A, Garapin A, Cami B,
Chambon P (1979 Organisation and sequences at the 5' end of a cloned complete ovalbumin gene Nature
2785703:428 34

Giampietro PG, Ragno V, Danide S, Cantani A, FerraraM, Businco L (1992 Soy hypersensitivity in children with
food allergy Ann Allergy 69(2):143-6

Gidason D, Bjérnson E, Gidason T, Janson C, §6berg O, Elfman L, Boman G (1999 Sensitization to airborne and
food allergensin Reykjavic (Icdand) and Uppsala (Sweden) - a compar ative study Allergy 54:11607

Gu JX, Matsuda T, Nakamura R, Ishiguro H, Ohkubo |, Sasaki M, Takahashi N (1989 Chemical deglycosylation of hen
ovamucoid: protedive dfed of carbohydrate maiety on tryptic hydrolysis and heat denaturation J Biochem (Tokyo)
106(1):66-70

Haeffner-Gormley L, Parente L, Wetlaufer DB (1985 Use of proline-spedfic endopeptidase in the isolation of all four
"native" disulfides of hen eggwhite lysozyme Int J Pept Protein Res 26(1):83-91

Haginaka J, Seyama C & Kanasugi N (1995 The absence of chiral recognition ability in ovomucoid: ovoglycopr otein-
bonded HPL C stationary phases for chiral recognition Anal Chem 67:25392547

HannukselaM (1987 Diagnosis of dermatologic food allergy Ann Allergy 59:153-156

Hashimoto Y, Yamada K, Motoshima H, Omura T, Yamada H, Y asukochi T, Miki T, Ueda T, Imoto T (1996 A
mutation study of catalytic residue Asp 52in hen egg lysozyme J Biochem (Tokyo) 119(1): 14550

Henderson JY, Mair AJ, Fothergill LA, Fothergill JE (1981) Sequences of sixteen phosphoserine peptides from
ovalbumins of eight spedes Eur J Biochem 114(2):439-50

Herman JJ Radin R, Schneiderman R (1983 Allergic reactionsto measles (rubeola) vaccinein patients
hypersensitive to egg protein J Pediatr 102(2):196-9

Hill DJ, Hosking CS, Heine RG (1999 Clinical spedrum of food allergy in children in Australia and South-East
Asia: identification and targetsfor treatment Ann Med 31(4):272-81

Hinck AP, Walkenhorst WF, Westler WM, Choe S, Markley JL (1993 Overexpresson and purification of avian
ovamucoid third domainsin Escherichia coli Protein Eng §2):221-7

Hisatomi M, Kimura M, Inukai S, Oshida K, Morikawa A (1991 Development of hen's egg with low antigenicity for
allergic patients Arerugi 40(12):145463

Hoffmann DR (1983 Immunochemical identification of the allergensin eggwhite J Allergy Clin Imnund 71:481-486
Holen E, Elsayed S (1990 Char acterization of four major allergens of hen-egg white by | EF/-SDS-PAGE combined
with eledrophoretic transfer and | gE-immunoautor adiography Int Arch Allergy Imnmund 91:136-141

Holen E, Elsayed S (1996 Spedfic T cdl linesfor ovalbumin, ovomucoid, lysozyme and two OA synthetic epitopes,
generated from egg dlergic patients PBM C Clin Exp Allergy 26(9):10838

Honma K, Kohno Y, Saito K, Shimgjo N, Tsunoo H, Niimi H (1994 Spedficities of IgE, 1gG and IgA antibodiesto
ovalbumin. Comparison of binding activitiesto denatured ovalbumin or ovalbumin fragments of IgE antibodies
with those of 1gG or 1gA antibodiesint Arch Allergy Imnmund 103(1):28-35

Honma K, Kohno Y, Saito K, Shimgjo N, Horiuchi T, Hayashi H, Suzuki N, Hosoya T, Tsunoo H, Niimi H (1996
Allergenic epitopes of ovalbumin (OVA) in patientswith hen'segg dlergy: inhibition of basophil histamine release
by haptenic ovalbumin peptideClin Exp Imnmund 1033):446-53

Hoogstraten CG, Choe S, Westler WM, Markley JL (1995 Comparison of the accuracy of protein solution structures
derived from conventional and network-edited NOESY dataProtein Si 4:22892299

Host A, Halken S (1990 A prospedive study of cow milk allergy in Danish infantsduring thefirst 3 yearsof life.
Clinical coursein relation to clinical and immunological type of hypersensitivity reaction Allergy 45(8):587-96
Imoto T, Okaz&i K, Yamada H, FujitaK, Yamato T, Koga D (1981) Identification of residue 103in hen egg-white
lysozyme J Biochem (Tokyo) 90(4):991-5

Inoue M, YamadaH, Yasukochi T, Kuroki R, Miki T, Horiuchi T, Imoto T (19923) M ultiple role of hydrophobicity of
tryptophan-108in chicken lysozyme: structural stability, saccharide binding ability, and abnormal pKa of glutamic
acid-35 Biochemistry 31(24):554553

Inoue M, YamadaH, Yasukochi T, Miki T, Horiuchi T, Imoto T (1992) L eft-sided substrate binding of lysozyme:
evidencefor the involvement of asparagine-46in the initial binding of substrate to chicken lysozyme Biochemistry
31(42):1032230

Ishikawa Y (1965 A study of allergy to eggs Nippon Shoika Gakkai Zasshi 69(10):910-25



Internet Symposium on Food Allergens 2(Suppl.1):2000 http://www. food -allergens.de

[~

¢ ¢ € ¢ © ©€ © © © ©

[ o ¢ €©€ € ¢© © © ©

¢ © © © © ¢

Jacquinot PM, Leger D, Wieruszeski JM, Coddevill e B, Montreuil J, Spik G (1994 Change in glycosylation of chicken
transferrin glycans biosynthesized during embryogenesis and primary culture of embryo hepatocytes Glycobiology
4(5):617-24

Jeenes DJ, Mackenzie DA, Archer DB (1994 Transcriptional and post-transcriptional events affed the production of
secreted hen egg white lysozyme by Aspergill us niger Transgenic Res 3(5):297-303

Jeltsch JM, Chambon P (1982 The cmmplete nuclectide sequence of the chicken ovatransferrin mRNA Eur J
Biochem 122(2):291-5

Jeltsch JM, Hen R, Maroteaux L, Garnier JM, Chambon P (1987 Sequence of the chicken ovaransferrin gene Nucleic
Acids Res 15(18): 76435

Jenmalm MC, Bjorksten B (1999 Development of immunoglobulin G subclassantibodiesto ovalbumin, birch and cat
during thefirst eight years of lifein atopic and non- atopic children Pediatr Allergy Imnund 10(2):112-21

Johnsen G, Elsayed S (1990 Antigenic and allergenic determinants of ovalbumin - lll . MHC la-binding peptide
(OA 323339 interactswith human and rabbit spedfic antibodies Mol Imnmund 27(9):821-7

JulgeK, Vasar M, Bjorksten B (1997 The development of atopic sensitization in Estonian infants Acta Paediatr
86(11):118894

Jung A, Sippel AE, Grez M, Schutz G (1980 Exons encode functional and structural units of chicken lysozyme Proc
Natl Acad i USA 77(10):575963

Kahlert H, Petersen A, Bedker W-M, Schlagk M (1992 Epitope analysis of the allergen ovalbumin (Gal d 1) with
monoclonal antibodies and patients IgE Mol Immund 29:1191:1201

Kato |, Schrode J, Kohr WJ, Laskowski M (1987 Chicken ovomucoid: determination of its amino acid sequence,
determination of the trypsin reactive site, and preparation of all three of its domains Biochemistry 26:193-201

Kato A, Nakamura S, Ibrahim H, Matsumi T, Tsumiyama C, Kato M (1998 Production of genetically modified
lysozymes having extreme heat stability and antimicrobial activity aganst gram negative bacteriain yeast and in
plant Nahrung 443-4):12830

Katsuki T, Shimojo N, Honma K, TsunooH, Kohno Y, Niimi H (1996 Establishment and char acterization of
ovalbumin-spedfic T cdl li nesfrom patientswith egg dlergy Int Arch Allergy Imnund 1094):344-51

Kawano Y, NomaT, Maeda K, Yata J (1992 CD4+ CD45RA+ T cdls modulate all ergen-induced interleukin 2
responsivenessin human lymphocytes Clin Imnund Imnunopaha 62(3):327-35

Kdly JF, Locke SJ, Ramaley L, Thibault P (1996 Development of eledrophoretic conditionsfor the characterization
of protein glycoforms by capill ary eledrophoresis-eledrospray mass pedrometryJ Chromatogr A 720:409-427
KimuraM, Tsuruta S, Yoshida T (1998 Unique profile of 1L-4 and |FN-gamma production by peripheral blood
mononuclear cellsin infantswith atopic dermatitis J Allergy Clin Imrmund 102(2): 23844

King TP, Hoffman D, Lowenstein H, Marsh DG, Platts-Mills TA & Thomas W (1994 Allergen nomenclature.
WHO/IUIS Allergen nomenclature subcommitteelnt Arch Allergy Imnmund105:224-233

Kirby AJ (1987 Mechanism and stereceledronic &fedsin the lysozyme reaction CRC Crit Rev Biochem 22(4):283
315

Kgiimas, Fushimi N, Ikeda A, Kumagai |, MiuraK (1994 Secretory production of chicken ovomucoid domain 3 by
Escherichia coli and alteration of inhibitory spedficity towar d proteases by substitution of the P1 site residue Gene
1432):23943

Kondo N, Agata H, Fukutomi O, Motoyoshi F, Orii T (1990 Lymphocyte responsesto food antigensin patientswith
atopic dermatitiswho are sensitive to foods J Allergy Clin Immund 86(2): 253-60

Kongpanichkul A, Vichyanond P, Tuchinda M (1997 Allergen skin test reactivitiesamong asthmatic Thai children J
Med Assoc Thai 80(2):69-75

Kosug T, Saitoh S, Tamaki N, Shimgji K, Kakazu T, Saitoh A, ljyu M, AgataH (1992 Evaluation of the sensitized
condition of patientswith all ergic diseasesin Okinawa using the MAST allergy system Arerugi 41(7):766-71

Krezel AM, Darba P, Robertson AD, Fezo J, Macura S, Karkley JL (1994 Solution structure of turkey ovomucoid
third domain as determined from nuclear magnetic resonance data J Mol Biol 242(3):203214

Krizkova L, Jdokova J, Klaudiny J, Zamocky M (1992 Expresson of Japanese quail ovalbumin in Sacchar omyces
cerevisiae Folia Microbiol (Praha) 37(4):2738

Kulig M, Bergmann R, Klettke U, Wahn V, Tacke U, Wahn U (1999 Natural cour se of sensitization to food and
inhalant allergensduring thefirst 6 yearsof life J Allergy Clin Imnmund 10311739

Kuster B, Wheder SF, Hunter AP, Dwek RA, Harvey DJ (1997 Sequencing of N-linked oligosaccharides directly from
protein gels: in-gel deglycosylation followed by matrix-asgsted laser desor ption/ionization mass pedrometry and
nor mal-phase high-performanceliquid chr omatogr aphy Anal Biochem 250(1):82-101

Kusunoki T, Hosoi S, Korematsu S, Asai K, Haraz&i M, Furusho K (1998 Re-evaluation of multi-all ergen skin prick
test for infantswith atopic dermatitis--clinical relevance and evaluation by mothers Arerugi 47(8):726-33 (in

Japanese)



Internet Symposium on Food Allergens 2(Suppl.1):2000 http://www. food -allergens.de

o
LS
[~
LS
[~
o
LS

€ © © © © ¢o°0 ©

©

[ o

©

¢ © © [ o

©

[ o

Lai EC, Stein JP, Catterall JF, Woo SL, MaceML, Means AR, O'Malley BW (1979 Madleaular structure and flanking
nucleotide sequences of the natural chicken ovomucoid gene Cell 18(3):829-42

Lai EC, Woo SL, Borddon-Riser ME, Fraser TH, O'Malley BW (1980 Ovalbumin is gynthesized in mouse cdls
transfor med with the natural chicken ovalbumin gene Proc Natl Acad Si USA 77(1):244-8

Lai EC, Riser ME, O'Malley BW (1983 Regulated expresson of the chicken ovalbumin gene in a human estr ogen-
responsive cdl line J Biol Chem 25820):12693701

Langeland T (19823) A clinical and immunological study of allergy to hen's egg white. Il . Antigensin hen'segg
white studied by crossed immunoeledarophoresis (CIE) Allergy 37(5):323-33

Langeland T (1982) A clinical and immunological study of allergy to hen's egg white. 11l . Allergensin hen's egg
white studied by crossed radio-immunoeledrophoresis (CRIE) Allergy 37(7):521-30

Langeland T (19831) A clinical and immunological study of allergy to hen's eggwhite. I. A clinical study of egg
allergy Clin Allergy 13(4):371-82

Langeland T (1983) A clinical and immunological study of allergy to hen's eggwhite. 1V. Spedfic IgE-antibodiesto
individual allergensin hen's egg white related to clinical and immunological parametersin egg-all ergic patients
Allergy 38(7):493500

Langeland T (198%) A clinical and immunological study of allergy to hen's egg white. VI. Occurre nce of proteins
crossreacting with allergensin hen's egg white as gudied in egg white from turkey, duck, goase, seagull, and in
hen egg yolk, and hen and chicken sera and flesh Allergy 38(6):399-412

Langeland T (1985 Allergy to hen's egg white in atopic dermatitis Acta Derm Venereol Supp Sockh 11410912
Langeland T, Harbitz O (1983 A clinical and immunological study of allergy to hen's egg white. V. Purification and
identification of a major allergen (antigen 22) in hen's egg whiteAllergy 38(2):131-9

Leduc V, Demeulemester C, Polack B, Guizard C, Le Guern L, Peltre G (1999 I mmunochemical detedion of egg-white
antigens and allergensin meat products Allergy 54:464-72

Lesoof MH, Wraith DG, Merrett TG, Merrett J, Buissret PD (1980 Foad allergy and intolerancein 100 patients -
local and systemic dfeds Q J Med 49195):259-71

Levine BE, Lavi S (1997 Perils of childhoad. |mmunization against measles, mumps, and rubella Pediatr Nurs
17(2):15961, 215

Levy Y, Kornbroth B, Ofer |, Garty BZ, Danon YL (1994 Foaod allergy in infants and children: clinical evaluation
and management IsrJ Med i 30(12):8739

Maenaka K, Furuta M, Tsumoto K, Watanabe K, Ueda Y, Kumagai | (1996 A stable phage-display system using a
phagemid vedor: phage display of hen egg-white lysozyme (HEL ), Escherichia cali alkaline, phosphatase, and anti-
HEL monoclonal antibody, HyHEL 10 Biochem Biophys Res Comnun 21§3):682-7

Malmheden Yman |, Erikson A, Everitt G, Yman L, Karlson T (1994 Analysis of food proteinsfor verification of
contamination or midabelling Food Agric Imnund 6:167-72

Mason AB, Woodworth RC, Oliver RW, Green BN, Lin LN, Brandts J, Savage KJ, Tam BM, MacGilli vray RT (1996
Assciation of the two lobes of ovatransferrin isa prerequisite for receptor recognition. Studies with recombinant
ovaransferrins Biochem J 319( Pt 2):361-8

Matsuda T, Nakamura R, Nakashima I, Hasegawa Y, Shimokata K (1985 Human |gE antibody to the car bohydrate-
containing third domain of chicken ovomucoid Biochem Biophys Res Comnun1292):50510

Matsuda T, Nakashima |, Nakamura R, Shimokata K (1986 Spedficity to ovanucoid domains of human serum
antibody from all ergic patients. comparison with anti-ovomucoid antibody from laboratory animals J Biochem
(Tokyo) 100:985-8

McReynolds L, O'Malley BW, Nisbet AD, Fothergill JE, Gival D, Fields S, Robertson M, BrownleeGG (1978 Sequence
of chicken ovalbumin mRNA Nature 2735665:723-8

Miles EA, Warner JA, Jones AC, Colwell BM, Bryant TN, Warner JO (1996 Peripheral blood mononuclear cell
proliferative responsesin thefirst year of lifein babiesborn to all ergic parentsClin Exp Allergy 26(7): 780-8
MineY, Zhang JW (1999 I dentification and structural analysis of IgG and I gE epitopesin ovomucoid J Biol Chem
(in presg

Moneret-Vautrin DA, Kanny G (1995 Foad-induced anaphylaxis. A new French multicenter survey Ann
Gastroenterol Hepatol (Paris) 31:256-263 (article in french)

Nakamura S, Takasaki H, Kobayashi K, Kato A (1993 Hyperglycosylation of hen egg white lysozyme in yeast J Biol
Chem 26817):1270612

Nickd R, Kulig M, Forster J, Bergmann R, Bauer CP, Lau S, Guggenmoas-Holzmann |, Wahn U (1997 Sensitization to
hen's egg a the age of twelve monthsis predictive for allergic sensitization to common indoar and outdoar allergens
at the age of three years J Allergy Clin Imrmund 99(5):613-7

Niggemann B, Sidaff B, Beyer K, Binder C, Wahn U (1999 Outcome of double-blind, placebo-controlled food
challenge testsin 107 children with atopic dermatitis Clin Exp Allergy 29(1):91-96



Internet Symposium on Food Allergens 2(Suppl.1):2000 http://www. food -allergens.de

©

¢ ©€ © © © © ¢© ©

©

¢ ¢©¢¢ ©

ol o

¢ © © © © ¢

¢ © © ©

Nisbet AD, Saundry RH, Moir AJ, Fothergill LA, Fothergill JE (1981) The complete amino-acid sequence of hen
ovalbumin Eur J Biochem 1152):33545

NomaT, Kawano Y, Yoshizawal, Itoh M, Mukouyama T, Baba M, Yata J (1990 Ovalbumin-spedfic induction of IL2
responsivenessin lymphocytes from patients with hen egg dlergy and itsregulation by the aulture supernatant of
normal lymphocytes Ann Allergy 64(1):33-41

NomaT, Yoshizaval, Maeda K, Baba M, YataJ (1994 Initial eventsand T cdl activation in lymphokine-mediated
allergic responsesin patientswith hen egg dlergy Ann Allergy 73(1): 76-84

Noma T, Yamaguchi K, Yoshizawal, Kawano Y, Ichikawa K, Mukouyama T, BabaM (1996) T cdl mediation of
abnormally low production of ovalbumin-spedfic immunoglobulin A in patientsall ergic to eggs Pediatr Res
392):329-35

NomaT, Yoshizaval, Aoki K, Yamaguchi K, Baba M (1996) Cytokine production in children outgrowing hen egg
allergy Clin Exp Allergy 26(11):1298 307

Norgaad A, Binddev-Jensen C (1992 Egg and milk allergy in adults. Diagnosis and char acterization Allergy
47.5039

Novembre E, Cianferoni A, Bernardini R, Mugnaini L, Caffarelli C, Cavagna G, Giovane A, Vierucd A (1998
Anaphylaxisin children: clinical and all ergological features Pediatrics 101(4):e8

Nyfeler B, Pichler WJ (1997 The lymphocyte transfor mation test for the diagnosis of drug dlergy: sensitivity and
spedficity Clin Exp Allergy 27(2):17581

O'Hare K, Breathnach R, Benoist C, Chambon P (1979 No more than seven interruptionsin the ovalbumin gene;
comparison of genomic and double-stranded cDNA sequences Nucleic Acids Res 7(2):321-34

Ohshiba A, YataJ (1991 Increase of ovalbumin (OVA)-spedfic B cdlsin the peripheral blood of egg-allergic
patients J Allergy Clin Imnmund 87(3): 729-36

Oranje AP, Aarsen RS, Mulder PG, van Toorenenbergen AW, Liefaad G, Dieges PH (1992 Food immediate-contact
hypersensitivity (FICH) and elimination diet in young children with atopic dermatitis. Preliminary resultsin 107
children Acta Derm Venereol Supp Sockh 17641-4

Patriarca G, Schiavino D, Nucera E, Schinco G, Milani A, Gasbarrini GB (1998 Foaod allergy in children: results of a
standar dized protocol for oral desensitization Hepatogastroenterology 45(19):52-8

Peng HJ, Chang ZN, Tsai LC, Su SN, Shen HD, Chang CH (1998 Heat denaturation of egg- white proteins abrogates
the induction of oral tolerance of spedfic Th2 immune responsesin miceScandJ Imrund 48(5):491-6

Pichler WJ, Campi P (1992 Allergy to lysozyme/egg white-containing vaginal suppositories Ann Allergy 69(6):521-5
Pumphrey RS, Stanworth SJ (1996 The dinical spedrum of anaphylaxisin north-west England Clin Exp Allergy
26:136470

Rago RP, Ramirez-Soto D, Poretz RD (1992 Two-dimensional poly(acrylamide) eledarophoresis of fluoresceinated
glycopeptides. Resolution and structural characterization of ovalbumin glycans Carbohydr Res 15;236.1-8
RanceF, Dutau G (1997 Labial foad challengein children with food all ergy Pediatr Allergy Imnund 8(1):41-4
Redfield C, Dobson CM (1988 Sequential 1H NM R assgnments and secondary structure of hen egg white lysozyme
in solution Biochemistry 27(1):122-36

Reekers R, Beyer K, Niggemann B, Wahn U, Freihorst J, Kapp A, Werfel T (1996 The role of circulating food antigen-
spedfic lymphocytesin foad allergic children with atopic dermatitis Br J Dermatol 135(6):93541

Resano A, Crespo E, Fernandez Benitez M, Sanz ML, Oehling A (1998 Atopic dermatitis and food allergy J Investig
Allergad Clin Imnund 8(5):271-6

Richards MP, Huang TL (1997 Metall oprotein analysis by capill ary isoeledric focusing J Chromatogr B Biomed i
Appl 690(1-2):43-54

Robinson DS (1972 Egg white glycoproteins and the physical properties of eggwhite in: Egg Formation and
Production (Freaman BM, Lake PE, eds) Brit Poultry ScienceLtd, Edinburgh

Roger A, Pena M, Botey J, Eseverri JL, Marin A (1994 The prick test and spedfic IgE (RAST and MAST-CLA)
compared with the oral challenge test with milk, eggsand nutsJ Investig Allergd Clin Imnmund 4:17881
Rutherford TJ, Nevill e DC, Homans SW (1995 Influence of the extent of branching on solution confor mations of
complex digosaccharides. a moleaular dynamics and NMR study of a penta-antennary " biseded" N-glycan
Biochemistry 34(43):1413%7

Sakai K, Matsuoka A, Ushiyama Y, Shimoda T, Ueda N (1998 Appear ance of ovomucoid in coagulated egg yolk
passng through from soluble fraction of coagulated eggwhitein boiled eggArerug 47(11):117681 (in Japanese)
Sampson HA, Codke SK (1990 Foad allergy and the potential all ergenicity- antigenicity of microparticulated egg
and cow's milk proteins J Am Coll Nutr 9:410-7

Sampson HA, Codke S (1992 The antigenicity and allergenicity of microparticulated proteins: Simpless Clin Exp
Allergy 22:9639

Sampson HA, Ho DG (1997 Relationship between food-spedfic IgE concentrationsand risk of positiv food



Internet Symposium on Food Allergens 2(Suppl.1):2000 http://www. food -allergens.de

¢ © © ©

¢ © © ¢

©

[ o ¢c¢ €© © © © ¢©

©

[ o

challengesin children and adolescents J Allergy Clin Imnund 100(4):444-451

Sampson HA, Scanlon SM (1989 Natural history of food hypersensitivity in children with atopic dermatitis J
Pediatr 1151):23-7

Sampson HA, Mendelson L, Rosen JP (1992 Fatal and near-fatal anaphylactic reactionsto food in children and
adolescents N Engl J Med 327.380-384

Schafer T, Kramer U, Dockery D, Vidluf D, Behrendt H, Ring J (1999 What makes a child allergic? Analysis of risk
factorsfor allergic sensitization in preschod children from East and West Germany All ergy Asthma Proc 20(1):23-7
Schwalbe H, Fiebig KM, Buck M, Jones JA, Grimshaw SB, Spence A, Glaser SJ, Smith LJ, Dolbson CM (1997
Structural and dynamical properties of a denatured protein. Heteronuclear 3D NMR experiments and theoretical
simulations of lysozymein 8 M urea Biochemistry 36(29): 897791

Sheares BT (1988 Site-spedfic glycosylation in animal cdls. Substitution of glutamine for asparagine 293in
chicken ovalbumin does not all ow glycosylation of asparagine312] Biol Chem 26325):1277882

Sheares BT, Robhins PW (1986 Glycosylation of ovalbumin in a heterologous cdl: analysis of oligosaccharide dchains
of the doned glycoprotein in mouse L cdlsProc Natl Acad i USA 83(7):19937

Shih P, Holland DR, Kirsch JF (1995 Thermal stability determinants of chicken egg-white lysozyme core

mutants. hydr ophobicity, packing volume, and conserved buried water moleaules Protein i 4(10):205062
Shimojo N, Katsuki T, Coligan JE, Nishimura Y, Sasazuki T, TsunooH, Sakamaki T, Kohno Y, Niimi H (1999
Identification of the disease-related T cdl epitope of ovalbumin and epitope-targeted T cdl i nactivation in egg
allergy Int Arch Allergy Imnund 1052): 15561

Shinbara M, Kondo N, Agata H, Fukutomi O, Nishida T, Kobayashi Y, Orii T (1995 T cdl proliferation restricted by
HLA class Il moleaulesin patientswith hen's egg dlergy Exp Clin Imnmunogenet 12(2):103-10

Shinbara M, Kondo N, Agata H, Fukutomi O, Kuwabara N, Kobayashi Y, Miura M, Orii T (1996 Interferon-gamma
and interleukin-4 production of ovalbumin-stimulated lymphocytesin egg-sensitive children Ann All ergy Asthma
Immund 77(1):60-6

Shinoda S, Agata H, Fukutomi O, Kondo N (1997 Combinations of IgE values and lymphocyte proliferative
responses for consideration of the dinical course of infantile hen's-egg-sensitive atopic dermatitis Int Arch Allergy
Immund 1122):163-8

Sippel AE, Land H, Lindenmaier W, Nguyen-Huu MC, Wurtz T, Timmis KN, Giesedke K, Schutz G (1978 Cloning of
chicken lysozyme structural gene sequences g/nthesized in vitro Nucleic Acids Res 5(9):327594

Smith MB (1964 Studies on ovalbumin: |. Denaturation by heat and the heterogenity of ovalbumin Austr J Biol Sci
17:261-270

Smith MB, Back JF (1965 Studies on ovalbumin: Il . The formation and pr operties of S-ovalbumin a more stable
form Austr J Biol Sci 18:365-377

Stein PE, Ledlie AG, Finch JT, Turnell WG, McLaughlin PJ, Carrell RW (1990 Crystal structure of ovalbumin asa
model for the reactive centre of serpins Nature 347(6288:99-102

Stein PE, Ledlie AG, Finch JT, Carrell RW (1997 Crystal structure of uncleaved ovalbumin at 1.95 A resolution J
Mol Biol 221(3):941-59

Subira ML, Oehling A (1967 A contribution to the immunology of experimental egg dlergy Ann Allergy 25(8):431-8
Suzuki T, KitajimaK, Emori Y, Inoue Y, Inoue S (1997 Site-spedfic de-N-glycosylation of diglycosylated ovalbumin
in hen oviduct by endogenous peptide: N-glycanase as a quality contraol system for newly synthesized proteins Proc
Natl Acad Si USA 94(12):62449

Szepfalus Z, Ebner C, Pandjaitan R, Orlicek F, Scheiner O, Boltz Nitulescu G, Kraft D, Ebner H (1994 Egg yolk alpha-
livetin (chicken serum albumin) isa crossreactive all ergen in the bird-egg syndrome J Allergy Clin Imrmund
93(5):93242

Tachibana H, Ohta K, Sawano H, Koumato Y, Segawa S (1994 Relationship between the optimal temperature for
oxidative refolding and the thermal stability of refolded state of hen lysozyme three-disulfide derivatives
Biochemistry 33(50): 1500816

TomiitaM, Kohno Y, Shimojo N, Niimi H (1998 Allergen-induced cytokine messenger RNA expresson of
peripheral blood mononuclear cellsin active and remisgon of food allergy Arerugi 47(5):511-7

Trudd J, Asslin A (1995 Detedion of a gycosylated form of hen egg white lysozyme Biochem Cell Biol73(5-6):307-
9

Tsumoto K, Ogasahara K, Ueda Y, Watanabe K, Y utani K, Kumagai | (1995 Role of Tyr residuesin the contact
region of anti-lysozyme monoclonal antibody HyHEL 10 for antigen binding J Biol Chem 27(Q31):1855%7

Ueda T, Tamura T, Maeda Y, Hashimoto Y, Miki T, Yamada H, Imoto T (1993 Stabili zation of lysozyme by the
introduction of Gly-Pro sequence Protein Eng §2):183-7

Ueda T, Iwashita H, Hashimoto Y, Imoto T (1996 Stabili zation of lysozyme by introducing N-glycosylation signal
sequence J Biochem (Tokyo) 1191): 157-61



Internet Symposium on Food Allergens 2(Suppl.1):2000 http://www. food -allergens.de

[~

¢ ¢ © © © © ©

¢ €© ¢© ¢

¢ ¢ ¢ © © © © © °¢©°¢C

Urisu A, Ando H, MoritaY, WadaE, Yasaki T, Yamada K, Komada K, Torii S, Goto M, Wakamatsu T (1997
Allergenic activity of heated and ovomucoid-depleted egg white J Allergy Clin Imrmund 100(2):171-6

Urisu A, Yamada K, Tokuda R, Ando H, Wada E, Kondo, Y, MoritaY (1999 Clinical significance of IgE- binding
activity to enzymatic digests of ovomucoid in the diagnosis and the prediction of the outgrowing of egg white
hypersensitivity Int Arch Allergy Imnmund 120:192-8

Valenti P, Antonini G, Hunolstein C, Visca P, Orisi N, Antonini E (1983 Studies on the antimicrobial activity of
ovatransferrin Int J TissReac 5:97-105

van de Guchte M, van der Wal FJ, Kok J, Venema G (1992 Lysozyme expresson in Lactococcus lactisAppl Microbiol
Biotechnd 37(2):216-24

Walsh BJ, Elliott C, Baker RS, Barnett D, Burley RW, Hill DJ & Howden MEH (1987 Allergenic crossreactivity of
egg-white and eggryolk proteinsint Arch Allergy Imnmund 84:228232

Walsh BJ, Barnett D, Burley RW, Elliott C, Hill DJ & Howden MEH (1988 New all ergens from Hen's egg white and
egg yolk. In vitro study of ovomucin, apovitellenin | and VI, and phosvitinint Arch Allergy Imnund 87:81-86
Warner JA, Miles EA, Jones AC, Quint DJ, Colwell BM, Warner JO (1999 Is deficiency of interferon gamma
production by allergen triggered cord blood cedls a predictor of atopic eczena?Clin Exp Allergy 24(5):423-30
Weber P, Raynaud |, Ettouati L, Trescol-Biemont M-C, Carrupt P-A, Paris J Rabaurdin-Combe C, Gerlier D, TestaB
(1998 Moleaular modeling of hen egg lysozyme HEL [52-61] peptide binding to I-AK MHC class Il moleaule Int
Immund 10(12):17531764

Wei J, Yang L, Harrata AK, LeeCS (1998 High resolution analysis of protein phosphorylation using capill ary
isoeledric focusing - eledrospray ionization - mass gpedrometry Eledrophaesis 19(13): 235660

Williams J Elleman TC, Kingston IB, Wilkins AG, Kuhn KA (1982 The primary structure of hen ovatransferrin Eur
J Biochem 122(2):297-303

Woo SL, Beattie WG, Catterall JF, Dugaiczyk A, Staden R, BrownleeGG, O'Malley BW (1981) Complete nuclectide
sequence of the chicken chromosomal ovalbumin gene and its biological significance Biochemistry 20(22): 643746
Wright HT, Qian HX, Huber R (1990 Crystal structure of plakalbumin, a proteolytically nicked form of ovalbumin.
Itsrelationship to the structure of cleaved alpha-1-proteinase inhibitor J Mol Biol 2133):513-28

Withrich B (1993 Nahrungsmittelall ergieAll ergaogiel6:280-287 (in German)

Yamada T, Yamada M, Sasamoto K, Nakamura H, Mishima T, Yasueda H, Shida T, likuraY (1993 Spedfic IgE
antibody titersto hen's egg white lysozyme in allergic children to egg Arerugi 42(2):136-41

Yamada K, Urisu A, MoaritaY, Ando H, Wada E, Torii S, Goto M (1998 Respiratory symptoms by oral chall enge tests
with egg white antigensin egg-all ergic children Arerugi 47(7):687-93 (in Japanese)

Yamane N, Uemura H (1988 Serological examination of IgE- and 1gG-spedfic antibodiesto egg protein during
influenza virus immunization Epidemiol Infea 100(2):291-9

Yamashita K, Kamerling JP, Kobata A (1982 Structural study of the carbohydrate moiety of hen ovomucoid J Biol
Chem 257:1280912814

Yamashita K, Kamerling JP, Kobata A (1983 Structural studies of the sugar chains of hen ovomucoid J Biol Chem
25830993106

YamashitaK, Tachibana Y, Hitoi A, Kobata A (1984 Siali ¢ acid-containing sugar chains of hen ovalbumin and
ovamucoid Carbohydr Res 130:271-288

Yet MG, Wold F (1990 The distribution of glycan structuresin individual N-glycosylation sitesin animal and plant
glycopr oteins Arch Biochem Biophys 2782): 356-64

Yet MG, Chin CC, Wold F (1988 The mvalent structure of individual N-linked glycopeptides from ovomucoid and
asialofetuin J Biol Chem 263(1):111-7

Zhang W, Mine Y (1998 Characterization of IgE and 1gG epitopes on ovomucoid using egg- white- allergic
patients's ®ra Biochem Biophys Res Comm253124-7

Monographs

[~
[~

[~

Burley RW, Vadehra DV (1989 The Avian Egg, Chemistry and Biology JohnWiley & Sors, New York

Stadelman WJ, Olson VM, Shemwdl GA, Pasch S (1988 Egg and Poultry-Meat Processng Elli s Horwood, Chichester
(England)

Ternes W, Acker L, Scholtyssk S, eds (1994 Ei und Eiprodukte Paul Parey, Berlin (in German)

copyright © 2000by matthias besler - ONLINE PUBLISHER



Internet Symposium on Food Allergens 2(Suppl.1):2000

http://www. food -allergens.de

Common Abbreveations

2D
3D
aa
Ab
Actcl, 2

Bosd 4 5,6,7,8

C
CAST
CICBAA
CIE
CNBr
clEF
CLA
CLIE
CRIE
Coral
Cynd 1
DBPCFC
DNA
EAST
EC
EDTA
ELISA
EW

Fuc
Gadcl
Ga
Gadi234
GlcN
GlcNAc
Glym1l,2,3
HLA
Hol | 1
HPLC
HR

IEC

IEF

lg

IL
INF-gamma
Lol p1l
LTA4
LTB4

two-dimensional

threedimensional

amino acid(s)

antibody

nomenclature of kiwi fruit allergens (Actinidia chinensis)
nomenclature of cow's milk all ergens (Bos domesticus)
concentration of N,N'-methylenbisacrylamide (crosdinker)
cdlular antigen stimulation test

Cercle d'Investigations Cliniques et Biologiques en Allergologie Alimentaire (France)
crossed immunoel edrophoresis

cyanogen bromide

capill ary isoeledric focussng

cutaneous lymphocyte antigen

crossed lineimmunoel edrophoresis

crossed radioimmunoel edrophoresis

nomenclature of haze pollen allergens (Corylus avellana)
nomenclature of bermuda grasspall en al ergens (Cynodus dactylus)
double-blind, placebo-controll ed food chall enge
deoxyribonucleic acid

enzyme all ergosorbent test

enzyme dassfication system

ethylenediaminetetraacetic acid, disodium salt

enzyme linked immunosorbent assay

egg white

fucose

nomenclature of baltic cod all ergen (Gadus call arias)
galactose

nomenclature of egg white all ergens (Gall us domesticus)
glucosamine

N-acetylglucosamine

nomenclature of soybean al ergens (Glycine max)

human leucocyte antigen

nomenclature of swee velvet grassall ergens (Holcus lanatus)
high performanceliquid chromatography

Histamine Release

ion exchange cromatography

isoeledric focussng

immunoglobulin

interleukin

interferon-gamma

nomenclature of rye grassall ergens (Loli um perenne)
leukotriene A4

leukotriene B4
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LTC4

LY

Man
Mald13
MALDI-MS
MAST
MHC

Mr
NeuNAc
NMR

OA

OAS

oM
Orysl
oT
PAGE
PBMC
PBS
Phip1

pl

PCA
PCR
PVDF
PVPP
RAST
RBL cdls
RIEP
RNA

RT

SAFT
SDS
SEC

SPT

T

TCC
TCL
TGF-beta-1
TH
TNF-apha
TR

Tris

Xl

leukotriene C4

lysozyme

mannose

nomenclature of apple fruit all ergens (Malus domestica)
matrix-asssted laser-induced desorption/ionizaion mass pedrometry
multi ple all ergen sorbent test

major histocompatibility complex
moleallar mass

N-acetylneuraminic acid

nuclear magnetic resonance (spedroscopy)
ovalbumin

oral allergy syndrome

ovomucoid

nomenclature of riceall ergens (Oryza sativa)
ovatransferrin

polyacrylamide gel dedrophoresis
peripheral blood mononuclear cdls
phosphate buffered saline

nomenclature of timothy grassall ergens (Phleum pratense)
isoeledric point

passve ataneous anaphylaxis (test)
polymerase chain reaction

polyvinyliden difluoride

polyvinyl polypyrrolidone

radioall ergosorbent test

rat basophil | eukaemia cdls
radioimmunoel edrophoresis

ribonucleic acid

room temperature

skin appli cation food test

sodium dodegylsulfate

size exclusion chromatography

skin prick test

total acrylamide concentration

T-cdl clone

T-cdl line

transforming growth factor beta-1
thermolysin

tumor neaosis factor alpha

trypsin
tris-(hydroxymethyl)aminomethane
xylose
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