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Introduction Most major allergens known today are proteins with
molecular sizes from 3 to 80 kDa (see Tables 1-8), but no

Type | allergy is a heightened or altered reactivity of . .
: . common structural, functional or chemical feature of these
the immune system in response to external substances

. L . molecules that could explain their ability to elicit an IgE
involving immunoglobulins of the IgE class. More than response has been found. It has been suagested that enzy-
15% of the population in industrial countries suffer from P : 99 y

; . . matic or other biological activity may enhance the induction
immediate-type allergic symptoms [1]. In recent years,

. . ; . . dof an allergic response [4]. Since the biological function is
allergy research into the immunological, biochemical an .
only known for ~44% of characterized allergens (see

structural characterization of allergens has led to an enor: ' L . .

) : ; . Tables 1-8), a final decision is not possible. Approximately

mous progress affecting diagnostics and therapeutics. This . . )

. . : alf of the known allergen functions are enzymatic activ-
article summarizes important aspects of allergy researc

work on purified allergens. Characterized and denominated <>’ predomlr_]an.tly .Of the catabolic pathwgy. Solubility,
gfnount and distribution of these enzymes in the cell (not

allergens have been listed. These data include biochemic ; .
e restricted to compartments) may enhance the possibility to
and structural allergen characteristics as well as research . . . .
: - : come into contact with them and therefore increase the risk
results on human histocompatibility leucocyte antigens o . L
- : of sensitization. Proteases for instance destroy epithelial
(HLA) restriction of the immune response, T- and B-cell : ; :
. ) . surface layers. Thus, an increase in their uptake and contact
epitopes and recombinant allergen expression. Allergens. . .
. i . . with the immune system is the result.
were isolated from a variety of different species. The
taxonomy and relationship of different vertebrate, inverte-
brate as well as plant species from which allergens ar&xposure

isolated are also shown. e . .
Everyday life is associated with exposure to an enormous

number of potential allergens in the environment. Those
Denomination of allergens from pollen, mites and pets belong to the most important

If an allergen fulfils the purity criteria according to 1UIS/ ones. An lrrjpor'tant exposure sﬁe IS the workplace. Espe-
cially in this field, the investigation of dose-response

WHO [2] it should be named according to the IOUbIIShedrelations is crucial. Knowledge on threshold values could

suggestions. As a rule, the first three letters of the genus are . . .
be a prerequisite for effective prevention measures.

followed by the first letter of the species and the allergen Dose—response relationshios and thresholds were deter-
number [3]. Numbers should be assigned in the order of P P

o o ; mined for several antigens (e.g. from pigeons and mites
their identification using the same number for homologou . ; . .
. . 1 : 5]). Antibody levels correlate with frequency and intensity
proteins of related species. Difficulties arise when th

o . . - “of contact with antigens such as those from latélxirono-

protein is described by different groups at the same time_. )
. midaeand house dust mite [6].

or when homologies are not clear. For example, the egg

allergen name Gal d 1 has been used for ovomucoid as well

as for ovalbumin. Furthermore, Lol p 11 and Phl p 11 shouldAllergen identification and characterization (molecular

not have the same number because they are not homol®€ight, amino acid sequence, structural data)

gous; Lol p 11 is a trypsin inhibitor whereas Phl p 11 gyiracts of allergen sources generally contain a high number
belongs to the profilin group. In addition, problems arise ¢ components. Only a small fraction of them, named

when multiple allerger)s are described an_d named beforﬁllergens, bind detectable amounts of IgE from sera of
nomenclature suggestions have been published. ‘the average allergic individual' (obtained from a serum
pool). A generally accepted definition of a major allergen is

Correspondence: Dr V. Liebers, Abteilung Allergieforschung, BGFA, IgE binding from >50% of sera from a panel of exposed
Birrkle-de-la-Camp-Platz 1, 44789 Bochum, Germany. and sensitized individuals.
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Investigations into:
Allergen Origi- Source of | Biological Exposure | Molecular | Amino- | Structural Cross- Allergy | B-cell-epi | T-cell | Recom-
Designa- | nating allergenic allergen weight acid data reactivity | associated topes epi- binant
tion species material function (kD) sequen- with with HLA- topes | produc-
ce allele tion
Gadc 1 Gadus fish parvalbumin food 12 C glycoprotein - with -
callarias | (cod group) MoAb, IgE
[27] [27] [28] [27] [27,29]
Equc1 Equus horse hair - animal keeper,|  19-20 - - - - -
caballus house dust
[30] [31] [30,32,33]
Equc2 - 51 heterodimer - -
glycoprotein
[32,33] [34]
Eque3 31 glycoprotein - -
[32,33] [34]
Bosd 1 Bos bovine hair farmer, 25 - - -
domesticus veterinarians
[33] [33,35]
Bosd 2 - 22 - -
[33,35]
Bosd3 - 22 glycoprotein - - -
[33,35] [33]
Feld 1 Felis cat hair, - animal keeper,| monomer C heterotetramer - yes with yes yes
domesticus saliva house dust A=5 monomers MoAb, IgE
monomer Aa.B
B=13 S-S-linked
B=glycopro-
tein
[36,37] [38] [39] [40] [41] [40,42,43] | [44-46] [45)
Can f1 Canis dog hair, animal keeper,| 22-25 C - with IgE -
familiaris skin, house dust
saliva
[47,48] [36,37,47] [49,50] [2] [49]
Canf2 - 19-22 - - - -
[48]
Cant3 albumin - 69 C cats - - yes
albumin
[51] [48] [51] [51,52] [51]
Mus m 1 Mus mouse urine,| prealbumin |animal keeper,| 17 - 21 - --
musculus | hair follicle, laboratory
serum
[53,54] [55] [56] [53,57]
Ratn 1 Rattus rat urine, | prealbumin |animal keeper, 21 Ratn1 -- --
norwegius |  kidney, laboratory with
saliva, hide [58] [59] [60] Ratn2
Ratn 2 [54,60,61] o2-eu- 16 C - -
globulin
[58] [60] [62] [58]
Cavp1 Cavia guinea-pig | prealbumin |animal keeper, 10-25 ---
porcellus dander, laboratory
urine, hide,
_______ saliva
[63] [54] [54]
Oryct Oryctolagus| rabbit saliva animal keeper, 17 - -
cuniculus laboratory
[64] [64]
Gald1 Gallus hen’s egg | ovomucoid food 28 C ---
domesticus
[65] [2] [2]
Gald2 ovalbumin 44 C X-ray - with yes -
MoAb, IgE
[65] [2] [66] [11] [67,68] [69]
Gald3 conalbumin 78 o] -- --
[70] [70] [70]
Gald4 lysozym 14 C X-ray - with MoAb
[65] [2] [2] [10] _ [10]
Table 1.
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Allergens from invertebrates
Investigations into:
Allergen | Originating Source of Biological Exp e | M Ami id | Structural Cross- Allergy B-cell epi- | T-cell epi- Re-
Designa- species allergenic allergen weight sequence data reactivity |associated topes topes |combinant
tion material function (kD) with with HLA- produc-
allele tion
Chit1-9 Chironomus Chironomidae | haemoglobin | fish breeder | dimer 32 Cc X-ray of with haemo- yes with yes peptides
thummi larva, fish food | binding of O, monomere Chit1.01, globins of MoAb, IgE (1-19,
16 peptides with other 61-80)
NMR chironomids
[23] [23] [23] [23,71] [71] 71 [72] [23] [73] [74] [23]
Bomp1 Bombus bumble-bee | phospholipase | everybody in 16 P - - - - - -
pennsyl- venom case of a
vanicus sting
[3] [3] [3]
Bomp 4 protease - P - - - - -
[3] [3]
Apim 1 Apis mellifera bee venom phospholipase | bee breeder 16 Cc X-ray wasp venom; yes with yes yes
A2 Trichoptera; PoAb, MoAb
(PLA-2), Compositae
[75] 3] [76) [76] 77 (78] [22] [79,80] [81]
Apim 2 hyaluronidase Ll C - - - yes
82] [82] [82] 82]
Apim 4 melittin, 2,8 C X-ray of the | African and yes with MoAb yes cecropin
(=3) lytic toxin tetramers European melittin-
NMR of bee hybrid
monomer,
[16] [16] [83] [13] [84] 78] [23,85,86] [16] [87]
Vesf5 Vespula yellow jackets everybody in 23 C 4 S-S bonds - - -
flavopilosa venom case of a
sting
[88] [88] [88]
Vesg5 Vespula eastern yellow - 23 Cc 4 S-S bonds - - -
germanica jackets venom
[88] [88] [88]
Vesm1 Vespula yellow jackets | phospholipase 34 Cc - .-
maculifrons venom Al
[89] [89] [89]
Vesm 2 hyaluronidase 44 P - --- - -
3] (3] [3]
Vesm5 -- 23 C 4 S-S bonds - - - - -
[90] [90] [90]
Vesp 5 Vespula western yellow - 23 [ 4 S-S bonds - ---
pennsylvanica | jackets venom
[88] [88] [88]
Vess 5 Vespula southern yellow - 23 Cc 4 S-S bonds - -
squamosa jackets venom
[88] [88] [88]
Vesvi5 Vespula vidua | yellow jackets 23 C 4 S-S bonds -
venom
[88] [88] [88]
Vesv 1 Vespula yellow jackets | phospholipase 35 C - - - -
vulgaris venom Al
3] 3] 3]
Vesv 2 hyaluronidase 44 P - - - -
[3] [3] 3]
Vesv5 -- 23 Cc 4 S-S bonds - - - - -
[90] [88,90] [90]
Vespc 1 Vespa crabo | European homet | phospholipase 34 P - ---
venom
[3] [3] [3]
Vespc 5 - 23 C 4 S-S bonds - - == - -
[88] [88] [88]

Table 2.
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Allergens from invertebrates
Investigations into:
Allergen | Originating Source of Biological Exp e | M I Ami id | Structural Cross- Allergy | B-cell epi- | T-cell epi- Re-
Designa- species allergenic allergen weight sequence data reactivity |associated topes topes |combinant
tion material function (kD) with with HLA- produc-
allele tion
Pola 5 Polistes paper wasp - everybody in 23 [o] 4 S-S bonds hornet,
annularis venom case ofa yellow jacket |
sting [90] [90] [90] [90]
Pole 5 Polistes paper wasp 23 (o] 4 S-S bonds
exclamans venom
[90] [90] [90]
Polf5 Polistes paper wasp 23 (o] 4 S-S bonds - -
fuscatus venom
[88] [88] [88]
Polm§ Polistes paper wasp 23 P 4 S-S bonds - - -
metricus venom
[88] [88] [88]
Dolm1 Dolicho- white-faced | phospholipase 34 Cc paper wasp
vespula hornet Al
maculata
[89] [89] [91] [90]
Dolm2 hyaluronidase 44 C Apim 2 - .-
[3] [3] [92] 92
Dolm5 - 23 Cc 4 S-S bonds - - -- yes
[93,94] [93,94] [94] [94]
Dolas Dolicho- yellow hornet 23 c 4 S-S bonds
vespula venom
arenaria
[90] [90] [90]
Myrp 1 Myrmecia bulldog ant Australia 7 C - with IgE yes
pilosula venom
[95] [95] [95] [96] [95]
Soli1 Solenopsis red fire ant phospholipase | southeast 37 P Vesm 1 -
invicta venom USA
97] 98] [97] 97] [97)
Soli2 tropic areas | monomer 13 (o} homodimer -- -
S-S linked
[97] [98] [98,99] [98]
Soli3 24 C 4 S-S bonds - - -
[98] [98]
Soli4 13.3 C monomer -
(98] [98] [98]
Solr1 Solenopsis fire ant venom --- USA P Sol i1
richteri
[97] 971 [97] [97]
Solr2 C Soli2 - -
97] 97)
Solr3 - C Soli3
[97] [97]
Blag1 Blatella cockroach, everybody, 20-25 - - - -
germanica house dust
[100] pre [101]
Blag2 aspartic dominantly 36 P Periplaneta
protease USA
[101] [100] [100,102] [102] [102]
Blag4 calycin 21 C modelling - -
[101} [101] (101} [101]
Blag5 glutathione 25 Cc - - -
.. transferase
(101] [101] [101]
Blag6 troponin 25 C - - - -
[101] [101] [101]
Perai Periplaneta cockroach , pre- 20-25 --- Blattella
americana house dust dominantly
[100] USA [101] [102]
Pera3 - 72-78 - - - - - - -
[100] [101]
Table 3.
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Phylum Class Order Family Genus Species Allergen
Osteichthyes me Teleostei — Gadidae — Gadus — Callarias w— Gad c 1
Perissodactyla === Equidae — EQUUS —— przewalski caballus  mmm Equc1 -3
/ Artiodactyla = Bovidae — B0S —  dOomesticus m— Bosd1-3
Felidae — [elis ——  domesticus — Feld1
Chordata = Mammalia === Carnivora - )
== Canidae — Canis w— [Upus familiaris w— Canf1,2
\ - Mus — MUSCUIUS m— Mus m 1
Muridae
Rodentia - ~~~ Rattus — N101WEgiCUS m— Ratn1,2
\ \ Caviidae — Cavia - aperea porcellus — Cavpi1
Lagomorpha Leporidae e O1YCIOIOGUS e CUNICUIUS —OrY € 1
Aves
== Galliformes —— Phasianidae === Gallus - dOmesticus — Gald1-4

Fig. 1. Taxonomy of vertebrates.

Electrophoretic separation according to molecularChit 1.01 [7], Amb a5 and Ambt5 [8,9], Gald 2 and 4
weight sodium dodecyl sulfate-polyacrylamide gel electro-[10,11], Asp o 2 [12] and Melittin (Api m 4) [13]. Structure
phoresis (SDS-PAGE) and isoelectric point or isoelectricdetermination is performed by nuclear magnetic resonance
focusing (IEF) or, combining both methods, by two- spectroscopy (NMR) and X-ray analysis. The latter needs
dimensional electrophoresis should be performed to charthe protein to be crystallized whereas NMR allows analysis
acterize single proteins. A successful method to recognizef the substance in liquid state. NMR measures the amount
allergens in an extract is the immunoblot. After electro-of amino acids as well as the neighbourhood of protons of
phoresis, the material is transferred to immobilizing mem-different amino acid residues. The alternating effect of two
branes and incubated with sera of sensitized patientgrotons along the carbon backbone is characteristic of
Allergens are detected with anti-human-IgE antibodiesstructural motives. A precise identification and careful
labelled radioactively or enzymatically. For purification selection of raw allergen sources and raw materials are
of allergens size-exclusion-, ion-exchange- or affinitybasic criteria to obtain standardized allergen extracts for
chromatography are used. After purification of the aller-clinical diagnosis.
gen, only one band or spot should be detectable with gel
electrophoresis. The N-terminal or total sequencing of theC
protein offers the possibility to compare them with known
proteins in databases. Study of crossreactivity among allergens, i.e. binding to

Both degrading and denaturing of the allergen moleculemmunoglobulin molecules (IgE) of the same specificity, is
in allergen extracts must be avoided in order to conserve thef significance both for clinical and basic research. Cross-
three-dimensional structure and thus the IgE-binding epireactivity of allergens occurs if different proteins are more
topes. Antigen-antibody reaction is mainly influenced byor less homologous and contain identical or nearly identical
three-dimensional structures known to apply to the allergenspitopes. Frequently, it can be classified and explained on

rossreactivity

Tables 1-8.The tables show a variety of relevant data on each allergen.

‘Exposure’ provides information on the most frequently exposed individuals and sensitizers. In case of pollen allergens, blossom periods
(European climate) are included.

Structural data include disulphide bonds and glycosylation. If the structure of the whole molecule is known, the method (X-ray or NMR)
is mentioned. The method is registered for mapping B-cell epitopes (monoclonal antibodies [MoAbs], polyclonal antibodies [PoAbs],
human IgE sera [IgE]). The order of allergens is according to their taxonomy (Figs 1-3).

Molecular weights of isoforms are expressed as 29/30 for example.

It should be noted that the definition of allergen molecules is not necessarily straightforward and that some controversies still exist.
P = partial
C = complete
— — —=information not yet available to the authors.

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 494-516
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Phylum Class Order Family Genus Species Allergen

thummi —Chit1-9

Diptera Chir id Chironomus

Bombus
———— Apis

pennsylvanicus

Bomp1,4

Ani .
pidae mellifera ——Apim1, 2,4

flavopilosa Ves f5

/ germanica
/ maculifrons

Vesg5

Vesm1,2,5

pennsylvanica
§ squamosa
\ vidua

vulgaris

Vespula Vesp5

Vess 5

Vesvi5

Vesv1,2,5

I
nsecta ——— Vespa crabro Vespc1,5

\ - annularis Pola 5
Polistes __ exclamans Pole 5
——— fuscatus Polf5
\ metricus Polm 5
Dolichovespula —— maculata Doim1,2,5
Arthropoda -
Formicidae \

~— arenaria

Dola5
Myrmecia — pilosula ——— Myrp1
Solenopsis ~ — invicta Sol i1-4
—— richteri Solr1-3
Blattella —_ germanica Blag1,2, 46
Blattoidea Blattidae ~— Periplaneta —____ americana Porat,3
farinae Derf1-3
Dermatophagoides ~— — microceras Derm 1
Pyroglyphidae ~ pteronyssinus Derp1-7
Arachnida —— Astigmata — Euroglyphus ~— maynei Eurm 1
\ Lepidoglyphus — destructor Lepd1
Glycyphagldae ~— Blomia —— tropicalis Blot5
Penaeus — aztecus Pena1
Crustacea Decapod Penaeid Parapenaeus ___ fissurus Parf1
T~ Metapenaeus ___ ensis Mete 1
Nemathelminthes Nematoda ———— Ascaridoidea Ascarididae Ascaris —— suum Ascs1

Fig. 2. Taxonomy of invertebrates.

the basis of taxonomic relationships (Figs 1-3) because For the determination of crossreactivity, murine mono-
closely related organisms often have great similarities andlonal antibodies as well as human IgE sera can be used.
share a number of antigens, e.g. pollen from differentMany approaches to identify crossreactive allergens have
species of the same genus/family [14]. It should be notedbeen made, e.g. crossed immunelectrophoresis, immunoblot-
that other crossreactions are caused by evolutionary coning, radioallergosorbent test (RAST) inhibition, and deso-
served protein structures. Profilin, a conserved protein irxyribonucleic acid/ribonucleic acid (DNA/RNA) hybridiz-
eukaryotic cells, is responsible for most of the crossreactivation [14,17]. It should be mentioned that not all of the
ity between birch pollen (birch profiliaBet v 2) and crossreactivities detected by these methods are of clinical
extracts of vegetables such as carrots and potatoes [15]. ielevance.
third type of crossreactivity responsible for crossreactions
between even less phylogeng tically related glycoproteins '"Association of allergen-specific immune response with
due to the carbohydrate chains of these allergens [16].
2 HLA-alleles

The consequence of a strong crossreactivity is the sensi-

tization to allergens without exposure. The recognition of allergen requires the T cell with the T-cell

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 494-516
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Phylum Class Order Family Genus Species Allergen

Carpinus betulus

Carb1
Corylus

/ Betulaceae Z__ Betun
\ Alnus

avellana

Corat

verrucosa

Betv1-3

glutinosa

Fagales Aing1

Quercus alba

Queat

Fagaceae

Castanea sativa

Cass1

Arachis hypogaea

Arah1,2

AWA

Fabales Fabaceae .
Glycine max

Glym1

brasiliensis Hevb1

Euphorbiales Hevea

Euphorbiaceae

artemisiifolia

Amb a 1-3,5-7, 10

N—

Magnoliatae Ambp5

trifida Ambt5

Artemisia vulgaris

Artv2

Brassica juncea

Braj1

AWA

C

PP

alba

Sinapis Sina1

Caryophyllales

Chenopodiaceae Salp1

Olea europea

Olee1

/\

Oleales Oleaceae

Syringia vulgaris

Syrv1

judaica

" Parj1
Urticales Parietaria ]

Urticaceae

officinalis

Paro1

pratense Phip 1-6, 11

Phleum

Spermato
-phyta

Lolium perenne

Lol p 1-5, 10, 11

glomerata

Dactylus Dacg1,2,5

pratensis

Poa Poap1,5,9,10

Cynodon dactylon

Cynd1

Hordeum Horv1,9

vulgare

AN

Liliatae Poales Poaceae

———— Secale cereale

Secc1
A

Anto 1

Phalaris aquatica

Phaat

Festuca elatior

Fese1

Agrostis
g alba

Agra1

Zea
mays

Zeam1,11

lanatus

_— T

44

Holcus

—
~—
Salsola —— pestifer
/
—
_— Holl1,5

Cryp

Pinatae Pinales Taxodiaceae Cryj1,2

Fig. 3. Taxonomy of plants.

receptor as well as an antigen-presenting cell with majoand 11q [20] genes with total IgE has been found and is
histocompatibility complex (MHC) class Il proteins (encodedcontroversially discussed at present. T-cell receptor
in the HLA-D region of the human genome). A genetic (TCR) genes are likely to play a role in the susceptibility
predisposition frequently seems to play a role in allergero the IgE response.
recognition. Every individual is characterized by a specific
HLA-type, and therefore special possibilities of epitope bind-
ing exists. The HLA-type can be evaluated using sequences
specific oligonucleotides and the polymerase chain reaction
(PCR). DNA is isolated from small amounts of lymphocytesMost important for the evaluation of new diagnostic
and used as template for PCR. HLA associations wittand therapeutic approaches, the knowledge of allergic
sensitization to several characterized allergens have beeeactions and the understanding of fundamental immuno-
described [18]. logical features is the determination of epitopes. In the
Other genetic aspects may be of relevance for allergipast, research mainly focused on the detection of
diseases as well. A linkage of mutations on the 5qg [19]immunglobulin-binding regions (B-cell epitopes). Recently,

cell and T-cell epitopes

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 494-516
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Allergens from invertebrates
Investigations into:
Allergen | Originating Source of Biological Exp e | Molecul Ami id | Str Cross- Allergy B-cell epi- | T-cell epi- Re-
Designa- species allergenic allergen weight sequence data r ivity iated topes topes |combinant
tion material function (kD) with with HLA- produc-
allele tion
Derf1 Dermato - house dust cysteine everbody 25 Cc - --- with -
phagoides protease MoADb, IgE
farinae
[4] (4] [103,104] 2] [105] [1086]
Derf2 lysozym? 14.1 C 3 S-S bonds - - - yes
[4] [107] [107,108] [109] [108]
Derf3 trypsin 34 P - - .
[110,111] [110] [110]
Derf? Dermato - tropomyosin 39 Cc - - - with IgE - yes
phagoides
farinae
[112] [113] [112] [114] [112,113]
Derm1 Dermato - house dust Cysteine 25 P - other mites - -
phagoides protease
microceras
[115] [2] [115] [116]
Derp 1 Dermato - Acarus cysteine everybody 25 C modelling | other mites yes MoAb, IgE yes yes
phagoides excrement, protease
pteronyssinus house dust
[4,117] [118] [103,104] [118] [118,119] [120] (116,121, | [18,123] | [124,125] [126] [119]
122]
Derp2 lysozym? 14.1 (o} - - IgE yes yes
[4] [127] [127] [128,129] [130] [127]
Derp 3 trypsin 31 P Derp 1 yes
[111] [111] [111] [131] [132]
Derp 4 amylase 56-60 P - -
[133] [133,134) [134)
Derp 5 14-175 C - -- --- - - yes
[135,136] [135] [135]
Derp 6 chymotrypsin 25 P - - - ---
[137] [137]
Derp7 22-28 C glycoprotein - --- - - yes
[4] [138] [138]
Eurm 1 Euroglyphus house dust cysteine - 23.6 o] glycoprotein Derp1 - - -
maynei protease_ Derf1
[139] [139] [139] [139] [139] [139]
Lepd1 Lepidoglyphus | food storage 14-16 P
destructor
[140] [141] [141]
Blots Blomia food storage - tropical areas - [} - - - yes
tropicalis
[140] [104] [142] [142)
Penat Penaeus brown shrimp tropomyosin food 36 P - mites, - with IgE, -
aztecus body insects MoAb
[143,144] [144) [144] [143] [145] [143,146]
Parf1 Parapenaeus shrimps serum albumin food 39 P - -- - -
fissurus
[147) [147] [147]
Mete 1 Metapenaeus shrimps tropomyosin food 34 C - - - - yes
ensis
[148] [148] [148] [148])
Ascs 1 Ascaris suum | pig round worm food 14 P - - -
[149] [150]
Table 4.

the relevance of T-cell epitopes was revealed as well. The Antibody binding sites (B-cell epitopes) involve sequential
analysis of B-cell epitopes is performed with peptides ofas well as conformational epitopes [21]. Analyses have
the allergen using human IgE sera, polyclonal rabbit serahown that B-cell epitopes are predominantly con-
or murine monoclonal antibodies. A disadvantage of thiformational, containing more or less dominating
method is that only linear epitopes can be identified. elements of sequential nature. For example, epitopes on

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 494-516
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Investigations into:
Allergen | Originating Source of Biological Exp Molecular | Amino acid | Structural Cross- Allergy B-cell epi- T-cell epi- Re-
Designa-| Species allergenic allergen weight sequence data reactivity |associated topes topes bi
tion material function (kD) with with HLA- produc-
allele tion
Carb1 Carpinus hornbeam pollen time 17 C - Fagales - - - yes
betulus pollen v-v group 1
[151] [151] [151,152) [151]
Cora1 Corylus hazel pollen pollen time 17.5 Cc - Fagales- - with IgE yes yes
avellana -1 group 1
[153] [153] [154] [155) [156] [153]
Betv1 Betula birch pollen pollen time 17.4 C - apples, yes with MoAb, IgE yes yes
verrucosa vV-v hazelnuts,
other No.1
allergens of
..... Fagales
[157] [157] [152,154] | [158,159] [15,155] [156] [160]
Betv2 profilin - 14.2 Cc - plantprofilin - - yes
[161] [161] [161] [162,163] [161]
Betv 3 Ca’* binding C yes
protein
[164) [164] [164]
Aing1 Alnus alder pollen - pollen time 17 Cc - Fagales - yes
glutinosa m-wv group 1
[165] [165] [152,154] [165]
Quea1 | Quercusalba| oak pollen pollen time 17 Cc Fagales
vV-vi group 1
[152] [152] [152]
Cass1 Castanea |chestnut pollen - pollen time 22 P Betv 1 --- ---
sativa Vi
[166] [166) [166]
Arah 1 Arachis peanut - food 63 Cc - with IgE - -
hypogea [167] [167] [167]
Arah2 - 17 P - - with IgE - -
[168] [168] [168)
Glym1 [ Glycine max | soybean hulls dust 7 P glycoprotein
[169] [169] [169] [169]
Hevb 1 Hevea latex rubber hospital 14 C - -
brasiliensis elongation | worker, spina
factor bifida
patients
[170] 71 [172]
Ambai Ambrosia | short ragweed - USA, 38 C - Amb a2 with MoAb yes
artemisiifolia pollen
parts of [3] [173) [174] [175-177] (173,174,
177]
Amba2 - Germany 38 [} Amba1 - - yes yes
[178] [174,178] [174] [174] [174,178)
Amba3 - 1.4 C glycoprotein --- yes yes -
[179) [179] [179] [180] [180]
Amba5s 44-6 C NMR Ambt5 yes - yes
[181] [182,183] [8,184] [181] [185] [182,184]
Ambaé pollen time 10 C .- yes
Vil X [3] 3] [186)
Amba7 12 P
[3] [3]
Amba? 11 C - - -
[3] (3]
Amba 10 cytochrom ¢ - - - - - -
Ambp 5 Ambrosia westemn - Cc Ambas - - - -
psilostachya ragweed
[187] [188]
Ambt5 Ambrosia | giant ragweed USA, 4.3 C NMR Ambas yes - - yes
trifida pollen time
Vil - X [189) [189,190] 9] [181] [189] [184]
Artv 2 Artemisia mugwort pollen time 19-20 P glycoprotein
vulgaris VII-X [191] [191] [192]

Table 5.
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Investigations into:
Allergen | Originating Source of Biological Exp e | Molecul Amino acid | Structural Cross- Allergy B-cell epi- T-cell epi- Re-
Designa- species allergenic allergen weight sequence data reactivity |associated topes topes combinant
tion material function (kD) with with HLA- produc-
allele tion
Braj1 Brassica oriental 2-S albumin food 14.6 C two chains Sinapis --- with MoAb, IgE -
juncea mustard seeds SS-linked
[193] [193] [193] [193] [193] [193]
Sina1 Sinapis alba |yellow mustard| 2-S albumin food 14.2 C two chains Brassica with MoAb, IgE yes
seeds SS-linked
[194] [195] [194,195] [194] [193] [196] [195]
Salp1 Salsola pollen pollen time - - - - - -
pestifer Vil - 11X
Olee 1 Olea europea olive tree pollen time 16-20 C glycoprotein other yes with MoAb - yes
pollen vV-vi Ol
[197,198] | [197,199] [198] [200] [201] [200] [202]
Syrv1 Syringia lilac pollen - - 16-20 C glycoprotein Oleaceae - -
vulgaris group 1
[203] [203] [203] [203]
Parj1 Parietaria pollen - 10.5/13 c glycoprotein - -
Judaica
[204] [205] [206]
Paro1 Parietaria pollen pollen time 14 P
officinalis VI-IX
[207] [207]
Phip 1 Phleum timothy grass - pollen time 34 C - grass with MoAb yes
pratense pollen Vi- Vil alllergens
group 1
[208] [208,209] [210,211] [211] [209,212]
Phip2 10-12 C - grass -
allergens
group 2
[213] [213]
Phip3 10-12 (o] grass --- - --- ---
allergens
group 3
[213] [213]
Phip 4 54 - glycoprotein grass - -
allergens
group 4
[214,215) [215]
Phip 5 ribonuclease 29,31 Cc - grass with MoAb - yes
allergens
group 5
[216] [217,218] | [217,219] [220] [218,221] [219]
Phip6 - 1" Cc - grass -
allergens
group 6
[210] [210]
Phip 11 profilin 142 C - - - . -
[222) [222] [222]
Lolp1 Lolium rye grass pollen time 28.4/31 Cc homology to yes with MoAb yes yes
perenne pollen V-IX Lolp2u.3
[223,224] | [223-225) [226] [227] [211] [228,229] [230]
Lolp2 - 10.9 [ - 59% yes --- yes yes
homology
[231] [231,232] between [233] [234) [230,232)
Lolp3 - 10.9 Cc - Lolp2u.3 yes -- yes -
[226] [226] [226) [233,235) [234)
Lolp 4 - 57 P - - with MoAb - -
[236] [236] [237,238)
Lolp5= - 25/28 C grass with MoAb, IgE - yes
Lol p9? allergens
group 5
[239] [240,241] [220,242] [243] [240]
Lolp 10 cytochrom ¢ 12 - grass
allergens
group 10
[244] [245] [245]
Lol p 11 trypsin inhibitor’ 18 [} glycoprotein | homology to -
Olee 1
[246) [239] [246] [246] [246]
Table 6.
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Investigations into:
Allergen | Originating Source of Biological Exp e | Mol Amino acid | Structural Cross- Allergy B-cell epi- T-cell epi- Re-
Designa- species allergenic allergen weight sequence data reactivity |associated topes topes bil
tion material function (kD) with with HLA- produc-
allele tion
Dacg1 Dactylis cocksfoot pollen time 32 P - Lolp 1 with MoAb
glomerata pollen V-Vi
[247) [247] [248] [248]
Dacg2 11 [} - - - - yes
[249] [249] [230,249)
Dacg5 - 25/28 P - - --- -
[241,250] | [241,250]
Poap1 | Poa pratensis| kentucky blue pollen time 33/36 P - grass with MoAb -
grass pollen ViIL- Vil allergens
qgroup 1
[251] [252] [252] [253]
Poap5 - 26/28 P - N-terminal - - -
homology
[241] [241] between
Poap9 29-35 C - Poap5u.9 - yes yes
[254] [254] [241,255] [256] [255]
Poap 10 cytochrom ¢ 29 - Lol p 10 - - ---
[245] [245]
Cynd1 Cynodon | bermuda grass - pollen time 29/32 P glycoprotein grass - yes
dactylon pollen V-Vvi allergens
group 1
[257) [257,258] [257] [242,257) [258]
Horv 1 Hordeum barley flour a-amylase / bakers 14.5 C glycoprotein - - -
vulgare trypsin inhibitor
(BMAI-1)
[259] [259] [259] [259]
Horv9 barley pollen --- pollen time 30 C .- Poap9 ---
Vi Phip5
[260] [260] [260]
Secc 1 Secale rye flour a-amylase / bakers 13.5 (o} dimer --- - -
cereale trypsin inhibitor
[261] [261] [261] [261]
Anto1 | Anthoxanthum| sweet vernal pollen time 34 P grass --- .- -
odoratum grass pollen V-vili allergens
group 1
[252] [252]
Phaat Phalaris canary grass - pollen time 34 P - group 1
aquatica pollen V-X allergens
[262] [262] [262]
Fese1 Festuca meadow pollen time 34 P grass -
elatior fescue Vi- Vil allergens
group 1
[252] [252]
Agrai Agrostis alba - - pollen time P grass - - ---
vi- Vil allergens
group 1
[252]
Zeam i Zea mays maize pollen - pollen time 21.4 P - Lolp1 - -- - -
VII-IX [263] [263] [263)
Zeam 11 profilin 14 Cc - - -
[264] [264] [264]
Hol 11 Holcus velvet grass pollen time 34 C - grass - -
lanatus pollen VI- Vil allergens
group 1
[239] [265]
Holl5 30 [
[239] [239]
Cryji Cryptomeria | cedar pollen | pectase lyase Japan 38.5 C glycoprotein | Cupressus yes with MoADb, IgE
Jjaponica semper-
virens
[266] [267] [267] [268] [268] 18] [265,268,269]
Cryj2 poly- 37 C - Cupressus --- yes
galacturonase semper-
virens
[270] [271] [270] [268] [270]
Table 7.
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Investigations into:
Allergen | Originating Source of Biological Exposure | Molecular | Amino acid | Structural Cross- Allergy B-cell epi- T-cell epi- Re-
Designa-| species allergenic allergen weight sequence data reactivity |associated topes topes bi
tion material function (kD) with with HLA- produc-
allele tion
Aspf1 Aspergillus germinative restrictocin | patients with 18 [ two S-S bonds - - yes
fumigatus | fungus spores mitogillin, | cystic fibrosis
rRNAase
[272) [273,274) [272] [272) [272] [275]
Aspo2 Aspergillus | bread improver| a-amylase bakers 53 C X-ray .- yes yes
oryzae
[276) [276] [276]) [276] [277,278] [12] [279] [280]
Ata1t Alternaria mycelium, 28-31 P glycoprotein yes -
alternata spores
[281] [282] [281,282] [3] [281] [41]
Candai Candida - alcohol- - 40 Cc - yeast - - -
albicans dehydro-
genase
[283] [283] [283] [283]
Trit1 Trichophyton - exo-1,3-beta- - 30 P - - - -
tonsurans glucanase
[284] [285] [285]
Clah1 Cladosporium | fungus spores 30 - - - -
herbarum
[286)
Clah2 54? --- glycoprotein - - - -
[286) [286)
Clah3 ribosomal P2 111 C --- yes
protein
[287) [287) [287] [287]
Psic2 Psilocybe cyclophilin 16 C - - yes
cubensis
[261] [261] [261] [261]

Table 8.

phospholipase A2 (Api m 1) have recently been shown to bé&kecombinant allergen production
predominantly discontinuous by peptide mapping with
monoclonal and polyclonal antibodies [22]. However,
only the analysis of antibody-antigen-complexes by X-ra
clearly reveals the interacting parts of the molecule [10].

In addition, a central role of the T cell for the allergic
reaction has been recognized.

Recombinant methods offer the opportunity to obtain
well characterized allergens of high purity for clinical
Yiests (e.g skin-prick test) or experimental studies to enhance
the knowledge of allergic reactions. The aim is to standar-
dize extracts and to perform diagnosis with small, clearly
defined panels of purified allergens. Recombinant allergens

T cells recognize .predc.)mlnantly linear allergen and peptides are hoped to act as catalysts for the allergen-
sequences in combination with MHC class Il molecules. .
specific immunotherapy [26].

Determination of T-cell epitopes has been performed with To reach recombinant proteins, one basically has to know

peripheral blood lymphocytes or T-cell clones induced to . :
proliferate by allergen peptides. There are differencesl;he nucleotide sequence of the gene coding for the allergen
dependent on the concentration of the allergen as well a%f mFerest. A standard procedure is .PCR to catch .and
on the blood donor. However, nearly each aIIergen-.amp“fy the gene from cDNA. After cloning and expression

. - jna suitable vector/host system, a large amount of allergens
derived sequence of sufficient length may act as T-cell . )

. ) o of high purity can be extracted.
epitope [23]. Epitope recognition may lead to conforma-
tional changes of the T-cell receptor [24]. Subsequently
the induction of the TH-cytokine pattern triggers the
allergic response. It should be noted that T cells produc#ore than 160 proteins of 73 different species causing
a continuously changing spectrum of cytokine profileshypesensitivity type | reactions in humans are known and
in which the TH cell is only one possible extreme denominated. Origin and characteristics of these allergens
phenotype [25]. show a great variety. No single ‘allergen-feature’ can be

Summary—Conclusions
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described so far. Not only the allergen but also its inter-
actions with MHC class Il molecules, IgE immunoglobulins

and T cells via T-cell receptors induce the immune responsé®
and finally clinical symptoms. Detailed knowledge of the
molecules and their interactions is the prerequisite for new

ways of prevention, diagnostics and therapy.
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