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Introduction Hydrolytic enzymes

In recent years, our knowledge of the structure of manyMany of the more important domestic and occupational
of the important aeroallergens has increased greatly duallergens from plants, bacteria, fungi and dust mites are
to the application of sophisticated molecular biological hydrolitic enzymes (EC group 3). These proteins play
and protein chemistry techniques. We now know theimportant roles in a variety of physiological processes
complete amino acid sequences of more than 5@nd are usually involved in cleaving polymeric sub-
allergens, and the number of clinically significant strates by the addition of water. They include proteases,
allergens remaining to be sequenced is rapidly growingarbohydrases and ribonucleases [4-8].
smaller. The data obtained from such studies have been
extensively reviewed [1] and they clearly indicate that,
. .. 'Proteases
from a structural standpoint, allergens are indis-
tinguishable from conventional antigens, and that factordroteases are divided into four groups based on either the
known to contribute to antigenicitper sewill apply to  amino acid or metal ion (e.g. zinc) involved in catalysis.
allergens entering the respiratory tract. However, it hasThey include the serine, cysteine, aspartate and the metal-
become apparent too that many allergens demonstrate laproteinases. A number of clinically significant allergens
range of biochemical activities suggesting these propertiepossess proteolytic activity (Tables 5, 6, 8) but the most
may also contribute to immunogenicity [2]. In this article, important are those derived from dust mites, plants,
the available information on the physicochemical characmammals and bacteria. The more common allergenic
teristics and biochemical properties of many of the indivi- proteases belong to the serine and cysteine protease
dual protein allergens from common aeroallergenic sourcegroups, although allergens belonging to the other two
such as plants, fungi and bacteria (Tables 1-6), dust mitegroups have been described (Table 5, 6, 8).
and insects (Table 7, 8), animals (Tables 6, 9) and birds
(Table 10) have been collated.
The data indicate that the majority of allergens can beSerine proteases

divided into several broad groupings, based either o
demonstrable biological activity or significant homol-
ogy with proteins of known function. They include
(a) hydrolytic and non-hydrolytic enzymes, (b) enzyme
inhibitors, (c) proteins involved in transport and . :

. . Mammalian serine proteases
(d) regulatory proteins. The general properties of the
allergens comprising these groups are discussed, as e mammalian serine protease allergens include pig
the potential importance of such activities on immuneand bovine trypsin (EC 3.4.21.4) and chymotrypsin (EC
responses to allergens. Throughout this review, we havd.4.21.1). They appear to be important occupational
used the recently recommended allergen nomenclature [3jllergens (Table 6) in individuals such as parents and
trivial biochemical names or, in the case of enzymes, thewrses of children with cystic fibrosis, and pharmaceutical
appropriate Enzyme Commission (EC) nomenclature. Irworkers [9-12].
addition, we have used the term ‘major’ only to describe
allergens recognized by the majority of individuals
sensitive to a particular allergenic source.

"Serine protease allergens have been identified in extracts
of mammalian pancreas, dust mites and bacteria.

Mite serine proteases

Mite trypsin and chymotrypsin have also been shown
to be allergenic (Table 8) and are designated the group 3

Correspondence: Dr G. A. Stewart, Department of Microbiology, and 6 allergens respectlvely [13_15]' ThEy are similar

University of Western Australia, Nedlands, Perth, Western Australiat® th_e mamma“an enzymes \_N'th regard to bqth gene_ral
6907. physicochemical characteristics, such as size, amino
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Biochemistry of allergens 1021

Table 1. Physicochemical and biochemical characteristics of grass pollen allergens

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
Subfamily: Pooideae
Sweet verna
(Anthoxanthum oderatum
Antoo 1 ? 30 ? ? ? Function unknown;
shows homology with
groups 1-3 grass allergens
Bent grass
(Agrostis alba
Agral ? 30 ? ? ? Function unknown;
shows homology with
groups 1-3 grass allergens
Orchard grass
(Dactylis glomerata
Dacg1 >95 30 ? 5.9 Yes Function unknown;
shows homology with
groups 1-3 grass allergens
Dacg?2 75 11 98 4.8 No Function unknown;
shows homology with
groups 1-3 allergens
Dac g5 >90 25-28 ? ? ? Ribonuclease (?)
(DG3 allergen)
Read fescue
(Festuca elatioy
Fesel ? ? ? ? ? Function unknown;
shows homology with
groups 1-3 grass allergens
Velvet grass
(Holcus lanatu¥
Hol | 1 ? 34 ? ? ? Function unknown;
shows homology with
groups 1-3 grass allergens
Hol I 5 ? 30 ? 4.8-6 ? Ribonuclease (?)
Hordeum vulgare
Horv 5 ? 30 ? ? ? Ribonuclease (?)
Rye grass
(Lolium perenng
Lolp1l >90 26 240 5.1 Yes Function unknown;
shows homology with
groups 1-3 grass allergens
Lolp 2 60 11 97 5.0 No Function unknown;
shows homology with
groups 1-3 grass allergens
Lolp 3 70 11 97 8.3 No Function unknown;
shows homology with
groups 1-3 grass allergens
Lolp 4 74 57 ? 9 Yes Function unknown
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1022 G. A. Stewart and P. J. Thompson

Table 1. Continued

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
Lolp 5 80 29-31 283-314 6-10 No Ribonuclease?
Lol p 10 ? 12 ? ? ? Cytochrome c; shows
homology with group
10 grass allergens
Lol p 11 65 15 134 5.6 Yes Function unknown; shows
homology with tree allergen
Ole e 1 and soybean trypsin
inhibitor
Timothy grass
(Phleum pratensge
Phip 1 80 26 239 8.7 Yes Function unknown;
shows homology with
groups 1-3 grass allergens
Phlp 2 62 11 96 4.4 No Function unknown;
shows homology with
groups 1-3 grass allergens
Phip5 80 29 287 7.0 No Ribonuclease (?)
Phlp 6 ? 12 110 5.5 Yes Possible cleavage product
of Phip5
Kentucky blue grass
(Poa pratensg
Poap1 ? 33-36 ? 6.4-9.1 ? Function unknown;
shows homology with
groups 1-3 grass allergens
Poa p 9(5) >95 28-35 286-345 8.8-9.3 No Ribonuclease (?)
Poa p 10 ? 12 ? ? ? Cytochrome c; shows
homology with group
10 grass allergens
Secale creale
Sec ¢5 ? 30 ? 5-5.5 ? Ribonuclease (?)
Subfamily: Panicoideae
Bermuda grass
(Cynodon dactylis
Cynd1 100 25-34 ? 6.0-6.8 Yes Function unknown;
shows homology with
groups 1-3 grass allergens
BG 60a >40 34-60 ? 9.7 Yes Function unknown;
shows homology with
groups 1-3 grass allergens
Cynd 10 ? 12 ? ? ? Cytochrome c; shows
homology with group
10 grass allergens
Johnson grass
(Sorghum halepenye
Sorh1l ? 30 ? ? ? Function unknown;

shows homology with
groups 1-3 grass allergens

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044
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Table 1. Continued

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology

Canary grass
(Phalaris aquatica
Phaal 77 34 ? ? ? Function unknown; likely
to show homology with
group 1 allergens

All grasses
Profilin 30 14 ? ? ? Protein involved in actin
polymerization

Molecular weights (all subunit values) and pl in this and subsequent tables are expressed either as calculated (i.e. non-glycosylated) values
obtained using sequence analysis software (Mac Vector; IBl, New Haven, USA) and data downloaded from the Genbank, PIR or Swiss
Protein sequence databanks, or obtained from original references where complete sequence data were unavailable. Homologies were
derived from original references and/or updated using appropriate algorithms. The frequencies of reactivities are expressed as the
percentage of an appropriate population responding to the source from which the allergen was derived using data from the literature. The
allergen nomenclature used is that recommended by the IUIS Allergen Nomenclature Committee [3].? indicates that information was not
available or could not be found.

acid sequence, the capacity to undergo autolysis, anMlite cysteine proteases
substrate specificities. In addition to trypsin and . : .
chymotrypsin, recent data indicate that mite extracts:'vIIte cysteine proteases, designated the group 1 allergens

. : . . (Table 7), are recognized by most mite allergic
contain another allergenic serine protease with® ..~
. - individuals, and sequences of enzymes from
collagenolytic activity [16,17].

D. pteronyssinusD. farinae and Europglyphus maynei
have been determined [4,20,21]. They are synthesized by
cells lining the gastrointestinal tract of the mite [22] as
preproproteins consisting of a leader peptide (about 18
In contrast to the similarities demonstrated by theresidues) and a propeptide (about 80 residues), together
mite and mammalian serine proteases described aboveijth the mature protein [20]. The amino acid sequences
the bacterial serine protease allergens, designated subf the group 1 allergens are very similar (81-84%
tilisins (EC 3.4.21.14), do not appear to be structurallyidentity), with most of the differences occurring in the
related. They are extracellular enzymes (Table 6) whiciN-terminal region and C-terminal half of the molecule
play a role in sporulation and are well characterized[20]. Homology searches indicate that the group 1
occupational allergens in the detergent industry. The twallergens are structurally similar to the mammalian
most important allergens, marketed as Alcalase an@énzymes cathepsin B and H, and the plant enzymes
Esperase, are derived fromBacillus subtilis and B.  actinidin, papain and bromelain. The overall degree of
licheniformis respectively. Their role in allergic homology between Der p 1 and papain is about 31%
disease has been extensively investigated, and sulp4,23] but this increases significantly in those regions
sequent industrial reforms have greatly reduced the risknown to be involved in the catalytic site.

of sensitization [18,19].

Bacterial serine proteases

Plant cysteine proteases

Cysteine proteases The cysteine proteases from plants have also been

A number of allergenic cysteine proteases have beeshown to be important allergens in occupational settings
isolated from plants, dust mites and helminthic parasite¢ Table 6). The most important are the structurally and
but of these, the most clinically important are the groupimmunologically similar enzymes papain (EC 3.4.22.2)
1 allergens from mites. from the latex of the papaya, and bromelain (EC

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044



1024 G. A. Stewart and P. J. Thompson

Table 2. Physicochemical and biochemical characteristics of weed pollen allergens

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology

Heliantheae

Short ragweed
(Ambrosia artemisiifolia
Ambal >90 40 370 5.1 Yes Function unknown; shows
homology with pectate lyase,
Amba2andCryj1
Amb a 2 >90 41 371 5.7 Yes Function unknown; shows
homology with pectate lyase,
Amba2andCryj1
Amb a 3 51 11 101 55 Yes Function unknown; shows
homology with the stellacyanin
electron transport proteins

Amb a5 17 5 45 9.1 No Function unknown

Amb a 6 21 11 108 >11 No Function unknown; shows
homology with lipid transferase

Amba7 20 12 ? ? ? Function unknown; shows

homology with the plastocyanin
electron transport proteins
Amb a 10 ? 12 ? ? ? Cytochrome ¢
Cystatin 30 10 91 5.0 No Cysteine protease inhibitor;
shows homology with cystatins

Giant and western ragweed
(A. trifida, A. psilostachyp

Ambt5 ? 4 40 8.4 No Function unknown
Amb p 5 ? 4 40 8.4 No Function unknown
Anthemideae
Mugwort
(Artemisia vulgariy
Artv 1 >70 47 ? 4.4 Yes Function unknown
Artv 2 33 20 ? 4.1-4.8 Yes Function unknown
Urticaceae
Wall pellitory
(Parietaria spp
Paro 1l 100 14 ? 4.6 Yes Function unknown;
possibly similar to Par j 1
(see Amb a 6)
Parj1.01 100 13 ? 5.0 Yes Shows homology with
Parj1.02 100 11 ? 5.0 Yes phospholipid transfer

protein (see Amb a 6)

3.4.22.32) from pineapples [5,24,25]. As mentioned pre-Aspartate proteases

viously, they demonstrate sequence homology with mite

cysteine proteases but immunological cross- reactivitfEnzymes belonging to the aspartate proteases such as
between mite and plant cysteine proteases has yet to lgepsin have been shown to be allergenic in both
reported. occupational settings such as the cheese making and

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044
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Table 3. Physicochemical and biochemical characteristics of tree pollen and latex allergens

Frequency Mol. Number of Potential
of reactivity ~ weight  amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
Betulaceae
Birch pollen
(Betula verrucosp
Betv 1 >95 17 159 5.2 Yes Function unknown; shows
(isoforms) homology with Fagales
lato 1n) group 1 allergens, plant
pathogenesis-related proteins
Betv 2 10 14 133 4.9 No Profilin, plays role in actin
polymerization
Betv 3 <10 20 ? ? ? Calmodulin (?)
Alder
(Alnus glutinosa
Alng 1 >90 17 159 53 No Function unknown; shows
homology with group 1 Fagales
allergens and plant pathogenesis-
related proteins
Corylaceae
Hornbeam pollen
(Carpinus betulus
Carb b1l >90 17 159 5.8 Yes Function unknown; shows
homology with group 1 Fagales
allergens and plant pathogenesis-
related proteins
Hazel
(Corylus avellana
Cor a 1(1/11) >90 17 159 5.3 Yes Function unknown; shows
homology with group 1 Fagales
allergens and plant pathogenesis-
related proteins
Fagaceae
White Oak
(Quercus alba
Queal >90 17 ? ? ? Function unknown; shows
homology with group 1 Fagales
allergens and plant pathogenesis-
related proteins
European chestnut
(Castanea sativa
Cass 1 ? 22 ? ? ? Function unknown; shows
homology with group 1 Fagales
allergens and plant pathogenesis-
related proteins
Apple
18kDa allergen ? 18 ? 55 ? Function unknown; shows

homology with group 1 Fagales
allergens and plant pathogenesis-
related proteins

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044
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Table 3. Continued

Frequency Mol. Number of Potential
of reactivity ~ weight  amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
Oleaceae
Olive pollen
(Olea europa
Oleel >90 16 145 6.1 Yes Function unknown; shows
limited homology with soybean
trypsin inhibitor, Lol p 11,
LAT52 (tomato) andZmcl3
(corn)
Olee?2 >90 8 ? ? ? Function unknown
Lilac
(Syringa vulgari$
Syrv 1 16 145 ? Yes Shows homology with Ole e 1
Fraxinus excelsior
Frael ? 16 ? ? ? Shows homology with Ole e 1
Ligustrum vulgare
Ligv1l ? ? ? ? ? Shows homology with Ole e 1

Taxoidiaceae

Japanese cedar pollen
(Cryptomeria japonica
Cryj1l > 85 41-46 353 8.9-9.2 Yes Pectate lyase; shows
homology with bacterial
pectate lyase and Amb a 1 and 2
Cryj2 76 37 460 ? Yes Polymethylgalacturonase

Cupressaceae

Japanese juniper
(Juniperus rigida
70kDa allergen 100 70 ? ? Yes Function unknown
Mountain cedar
(Juniperus ashgi
GP 40 ? 40 ? ? Yes Function unknown

Cypress

Cupressus sempervirens
42 kDa 81 42 ? ? ? Function unknown
Allergen

Cupressus arizonica
43kDa ? 43 ? ? Yes Function unknown
Allergen

Euphorbiaceae
Rubber tree (latex)
(Hevea brasiliensis
Hevb 1 23=80 15 137 4.8 No Rubber elongation factor,
exists as homotetramer
with mol. wt. of 58 kDa and
pl of 8.5
Prohevein 83 20 186 ? No Lectin, causes latex
agglutination

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044
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Table 3. Continued

Frequency Mol. Number of Potential
of reactivity ~ weight  amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
23kDa 76 23 ? ? ? Shows some homology with
rubber elongation factor
25-27kDa ? 25 ? ? ? Function unknown
allergen
Hevamine 3 30 273 Chitinase/lysozyme
36 kDa 21 30 ? ? ? Endo-1/3glucosidase
allergen
46/110 kDa ? 46/110 ? ? ? Function unknown
allergen
Profilin 11 14 3.5 Plays role in actin
polymerization
Leguminoseae
Mesquite
(Prosopsis juliflora
10kDa ? 10 ? ? Yes Function unknown
allergen
20kDa ? 20 ? ? Yes Function unknown
allergen

pharmaceutical industries, and in domestic settingshave been found in dust mites, fungi, seed flours and
These proteases have an aspartic acid residue in theimammalian pancreatic extracts (Tables 4,5,7).

catalytic site and are generally most active in an acid

environment. The major aspartate protease allergenamylase

include pepsin (EC 3.4.23.1) [26], renin (EC 3.4.23.6) ) o i
[27], Candida albicansacid protease (EC 3.4.23.24) [28] Amylases are enzymes which cleave glycosidic links in
and a recently described cockroach protease, Bla g Eolysaccharldes_such as starch, a_nd several have b_een
[29], all of which are structurally similar. The occupa- ShOWn to be important occupational and domestic
tionally important aspartate proteases are derived frondl€rgens. For example, the chemically and immuno-

porcine and bovine stomach tissue, and the funguitdically distinct a- (EC 3.2.1.1) and/orj-amylases
Cryphonectira(previously Endothig parasitica (EC 3.2.1.2) from wheat and barley [31] (Table 4),
and a-amylase fromAspergillus oryzagTable 5) have

_ been shown to be important allergens in the baking
Metalloproteinases industry [5,32,33]. Mammalian amylases have also

In addition to the above proteases, it has been reporteB€€n shown to be allergenic in process or pharmaceu-

that the metalloproteinase collagenase (EC 3.4.24.3jcal workers [34], and an enzymatically equivalent
from Clostridium histolyticummay also be a potent protein from dust mites has been shown to be allergenic
allergen in occupational settings [30]. [35]. Limited N-terminal sequence data indicate little, if

any, homology between the mite enzyme and fungal or
mammalian amylase, although it shows homology with

Carbohydrases amylases from insects such Be&mbix mori

A variety of carbohydrases have been found to beL

: ; ysozyme
allergenic. They include amylase, cellulase, xylanase,
lysozyme and polygalacturonase, and all cleaveLysozymes (N-acetylmuramoylhydrolase; EC 3.2.1.17)
appropriate bonds (e.g. 1#D- or 1,4«-D) within are ubiquitous enzymes which cleave 134D-glycosidic
oligo- and polysaccharides. The allergenic carbohydraselsonds between N-acetyl-D-glucosamine and N-acetyl-

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044
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Table 4. Physicochemical and biochemical characteristics of seed allergens

Frequency Mol. Number of Potential

of reactivity ~ weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
Soybean
(Glycine max

Trypsin- ? 20 181 4.5 No Kunitz protease inhibitor

inhibitor (B)

Lipoxygenase ? 94 839 5.9 Yes Lipoxygenase

Castor bean
(Ricinus commun)s

Ricc1 ? 2S storage albumin; shows

Short chain 4 34 11.1 No homology with 2S storage proteins

Long chain 7 64 7.0 No from wheat, mustard, barley and rice

Ric c2 ? a7 ? ? ? Crystalloid protein

Yellow mustard seed
(Sinapis albal.)

Sinal ? 2S storage albumin; shows

Short chain 4 39 12.2 No homology with 2S storage

Long chain 10 88 10.0 No proteins from wheat, barley and rice

Oriental mustard seed
(Brassica juncep

Braj1l ? 2S storage albumin; shows

Short chain 4 37 125 No homology with 2S storage

Long chain 10 92 104 No proteins from yellow mustard,
wheat, barley and rice

Barley
(Hordeum vulgarg

BMAI-1 ? 14 132 6.6 Yes Barley-amylase/trypsin
inhibitor; shows homology
with wheat allergens and 2S
seed storage allergens

BDAI-1 ? 13 122 4.9 Yes Barley-amylase/trypsin inhibitor;
shows homology with wheat allergens
and 2S seed storage allergens

a-amylase >96 64 ? ? ? 1,4-D-glucan glucanohydrolase

(B-amylase >96 60 ? ? ? 1,4-D-glucan maltohydrolase

Rice
(Oryza sativa

Orys1l ? 15 135 6.6 No a-Amylase inhibitor; shows homology
with wheat and barley
a-amylase/trypsin inhibitor allergens

Wheat
(Triticum turgidun)

CM16 ? 13 119 4.8 Yes Wheatamylase/trypsin inhibitor;
shows homology with barley allergens
and 2S seed storage allergens

WMAI-1 ? 13 123 6.6 Yes Wheat-amylase/trypsin inhibitor;
shows homology with barley allergens
and 2S seed storage allergens

Agglutinin ? 17 171 8.8 No Lectin

27 kDa allergen ? 27 ? ? ? Shows homology with acyl-CoA

oxidase from barley and rice

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044
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Table 5. Physicochemical and biochemical characteristics of fungal allergens

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
Alternaria alternata
Altal <80 14 ? 4-4.5 Yes Function unknown
(A|t 41563, Alt a Bd)
Alta 2 ? 6 ? 9.5-9.8 ? Function unknown
70 kDa protein ? 70 ? 35 ? Function unknown
Alta 6 8 11 113 ? ? Ribosomal, Protein
Alta7 7 22 205 ? ? Shows homology with yeast YCP4 of
unknown function
Alta 10 51 53 496 ? ? Shows homology with aldehyde
dehydrogenase
Aspergillus fumigatus
Aspfl 85 17 149 9.3 No Ribonuclease; shows homology
with mitocillin
Asp f 2 ? 36 ? 4.8 Yes Function unknown
70kDa allergen ? 70 ? ? ? Function unknown
65 kDa allergen ? 65 ? ? ? Function unknown; shows homology
with heat shock protein 90
Aspergillus niger
!pectinase | - 35 337 3.9 Yes Poly(1y4b-galacuronide)
glycanohydrolase
2Cellulase 8 - - - - 1,4-(1,3;1,4D-glucan
glucanhydrolase
2Flaviastase - - - - - Protease
Glucoamylase (G1) 5 66 615 3.9 Yes y>-glucan glucanhydrolase
Aspergillus oryzae
Asp o 2 56 52 478 4.3 Yes a-Amylase (1,4a-D-glucan
glucanohydrolase)
Lactase - ? ? ? ? 1/4D-galactoside galactohydrolase
Candida albicans
37kDa allergen ? 37 ? ? ? Aldolase
40kDa allergen ? 40 ? ? Yes Alcohol dehydrogenase
43 kDa allergen ? 43 ? ? ? Phosphoglycerate kinase
48 kDa allergen 37 a7 440 5.4 Yes Enolase
Acid protease 75 35 ? ? ? Aspartate protease
Cladosporium herbarium
Clah1 >60 13 ? 3.7-4.4 ? Function unknown
Clah2 43 19 ? 5.0 Yes Function unknown
Clah3 36 53 497 ? ? Shows homology with aldehyde
dehydrogenase
Clah4 22 11 111 3.9 Yes Ribosoma] protein
Clah5 22 22 205 ? ? Shows homology with yeast YCP4
of unknown function
Clah6 20 48 441 ? ? Shows homology with enolase
Cryphonectira parasitica
Renin ? 34 330 3.9 No Aspartate protease; shows homology

with mammalian and cockroach
pepsins

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044
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Table 5. Continued

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
Penicillium notatum
64 kDa allergen 46 64 ? ? ? Function unknown
68 kDa allergen 56 62 ? 5.4-55 Yes Function unknown; shows homology

with 3-N-acetylglucosaminidase
from Candida albicans

Psilocybe cubensis

16 kDa allergen ? 16 ? ? ? Cyclophilin
Rhizopus nigricans

Rhiz llib ? 12 ? 4.8 Yes Function unknown

Rhiz VIb ? 14 ? 3.6-3.8 Yes Function unknown
Saccaromyces cerevisiae

40 kDa allergen ? 37 347 6.2 Yes Alcohol dehydrogenase

48 kDa allergen 39-68 47 436 6.2 Yes Enolase
Trichophyton tonsurans

Tritl 73 30 ? ? ? Function unknown; shows limited

homology with exas-1,3-glucanase
Trichoderma viride

Cellulase ? — - - — 1,4-(1,3;1,4D-glucan
glucanhydrolase
Xylanase ? ? ? ? ? 14D-Xylan xylanhydrolase

muramic acid. They are usually associated with defencéhese enzymes have been shown to be allergenic and
against gram positive bacteria but some have beeimnclude fungal allergens [38] and the group 1 pectate
shown to be involved in digestion. The enzyme fromlyase allergen [39] and group 2 polymethylgalacturonase
hen egg white has long been known to be an importanallergen [40] from Japanese cedar pollen (Table 3).
food allergen (Table 10) but it has recently beenSequence homology searches indicate that both proteins
recognized that it, together with other egg white aller-are similar to enzymes from tomato, avocado fruit and
gens, are relatively important aeroallergens in egg promaize pollen [40]. The group 1 pectate lyase cedar
cessing plants [36]. In addition to the egg white allergen shows homology with an equivalent allergen
lysozyme allergen, a latex allergen, designated hevafrom mountain cedar [41] and the ragweed group 1 and
mine, has been shown to be a bifunctional carbohydrasg allergens (Tables 2,3) [42] suggesting that these
with both chitinase (N-acetylglucosamine polymer cleavingallergens may also be enzymatically active. The precise
enzyme; EC 3.2.1.14) and lysozyme activity [37]. role played by such enzymes in pollen is not known but
it has been proposed that they are intimately involved in
the utilization of cytoplasmic pectin-containing particles
within the pollen grain or, alternatively, in facilitating
Pectin (a polymer ofa-(1,4) linked galacturonic acid the development and penetration of the pollen tube into
which may be partially methyl-esterified) is a major plantthe stigma after pollination [43].

cell wall constituent and a variety of enzymes are
necessary for its degradation. They include the hydrolytic
enzymes polygalacturonase (EC 3.2.1.15), polymethyl—Other carbohydrases
galacturonase (EC 3.2.1) and pectin methylesterase (EOther carbohydrases have also been shown to be
3.1.1.11), and the non-hydrolytic transeliminases, pectatallergenic and include cellulase (EC 3.2.1.4) [44], xylanase
lyase (EC 4.2.2.2), pectin lyase (EC 4.2.2.10) and[EC 3.2.1.8) [44], lactase (EC 3.2.1.4) [45] and gluco-
exopolygalacturonate lyase (EC 4.2.2.9). Several odimylase (EC 3.2.1.4) [46,47]. These enzymes are

Pectin degrading enzymes

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044
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Table 6. Physicochemical and biochemical characteristics of plant, bacterial and mammalian protease allergens

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
Plant proteases
Pawpaw
(Carica papaya
Papain ? 23 212 9.3 No Cysteine protease; shows
homology with bromelain and the
group | mite allergens
Pineapple
(Ananas comosiis
Bromelain ? 23 212 9.0 Yes Cysteine protease; shows
homology with papain and the
group | mite allergens
Bacterial proteases
Bacillus subtilis
Alcalase ? 28 275 6.3 Yes Subtilisin serine protease
Bacillus licheniformis
Esperase ? 28 274 6.6 Yes Subtilisin serine protease
Clostridium histolyticum
!Collagenase ? 68-125 - - - Metalloprotease
Mammalian proteases
Trypsin ? 24 223 ? ? Serine protease; shows homology
(porcine) with mite groups 3, 6 and
9 allergens
Chymotrypsin ? 25 245 ? ? Serine protease; shows homology
(bovine) with mite groups 3, 6 and
9 allergens
Pepsin ? 35 327 ? ? Aspartate protease; shows
(porcine) homology with Bla g 2 and renin

! Represents a mixture of proteases.

important industrial enzymes which are used to endohyPenicillium notatum [48] and endo-1,33-glucosidase
drolyse appropriate linkages in the breakdown of carbo{EC 3.2.1.39) activity in rubber latex [37].
hydrates such as starch, cellulose, hemicellulase and
pectin in the food industry (Table 4). They are usually _.

. . . . . Ribonuclease
derived from fungi such a#spergillus nigerand Tri-
choderma viride and limited sensitization has been At least two allergens with ribonuclease activity have
reported in both process workers and laboratory personbeen identified and include the group 5 allergen from
nel. As yet, precise details of the enzymes involved inTimothy grass pollen [8] and the 18kDa allergen from
the reported sensitivities are lacking since the enzymextracts of Aspergillus fumigatugTables 1,5) [7,49,50].
activities described are often the result of several distincThe precise role played by the allergenic grass ribo-
enzymes acting in concert (e.g. cellulase or pectinasehnucleases in pollination is unknown at present but may
or the data were obtained using crude protein mixturesbe involved in self-incompatibility. In this regard, stu-
In addition to these enzymes, sequence homologylies show that these allergens are associated with starch
studies indicate the possible presence of allergens withrains released from pollen on contact with moisture
(-N-acetylglucosaminidase (EC 3.2.1.30) activity in[51,52] consistent with a central role in pollination
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per se Given the homology between the Timothy group 5 Napins
allergen and similar allergens (also referred to as group

allergens) from other grass species, it is likely that all will
possess such enzymatic activity. The fungal allergens sho

S1’he napins are heterodimers comprising two disulphide
linked chains with apparent molecular weights of about

; ) : . L . % and 8kD respectively (Table 5) [62]. These chains are
identity with the cytotoxins mitogillin (fromA. restrictu3 encoded on trl?e sam)(/e(gene i)m[:lic;ting that the final

and alpha-sarcin (fromA. gigantu3 [7,49,50]. These structure is formed by post-translational proteolytic

non- glycosylated cytotoxic proteins are ribonucleaseseventS Thev represent one of two brincioal storage
(EC 3.1.27.4) which inhibit protein synthesis and, in ' y rep P P 9

addition, demonstrate anti-tumour activity. They belongprOtemS (the other being the 11S proFems) and some
to the ribonuclease 4 family and are specific for have been shown to possess protease inhibitory activity.

. S They belong to the same superfamily as the protease
purines in single and double stranded RNA. inhibitors found in wheat and barley described below.

Several allergens within the napin family, such as the
Non-hydrolytic enzymes mustard seed allergens Sin a 1 and Bra j 1 [63,64] and

Several allergens have been reported to be (or demonstratﬁe castqr been allergen Ric ¢ 2 [65,66], have been
aracterized (Table 4).

sufficient sequence homology to suggest such a function?
non-hydrolytic enzymes. However, in comparison to the
hydrolases, relatively few have been shown to beTrypsin/amylase inhibitors

clinically important aeroallergens. The most COMMON 16 trypsin/amylase inhibitors are a heterogeneous grou
non-hydrolytic enzymes so far described include the yp y 9 group

fungal enzymes enolase (EC 4.2.1.11) [53-55], alcohoﬁigrofreﬁzs f(r):nrislgr;[theirﬁng;Eﬂ?r?cgzWar;s)?;’alba;rlll?r/ 2?]2
dehydrogenase (EC 1.1.1.1) [56-57], aldolase (E i y rep P b 9

4.1.2.13) [55], phosphoglycerate kinase (EC 2.7.2.3)Table 5) and are encoded by a family of genes [6/-

[57], cyclophilin (ubigquitous peptidylprolyl cis trans 69]. The proteins possess the ability to inhibit both
L>7], cyciop q beptidylproly trypsin and a-amylase activities, and they may be
isomerases) (EC 5.2.1.8) [58] and aldehyde dehydro-

resent as glycosylated or non-glycosylated monomers,

genase (EC 1.2 [55], soybean Ilpoxygena_se (E dimers and tetramers. Individual members show both
1.13.11.12) [59], the tree and weed pollen pectin trans- : . .
- . . “intra-species and inter-species homology and the most
eliminases described above (Tables 4,6), glutathione :

: haracterized of these are the glycosylated wheat CM16

transferases from cockroach and dust mites (E ; : .
. subunit protein from the wheat tetrameric amylase
2.5.1.18) [29,60] and the wheat enzyme acyl-CoA oxi-; , . . .
dase (EC 1.3.3.6) [61] inhibitor (WTAI-CM16), the monomeric wheat amylase
B ' inhibitor (WMAI-1) and the glycosylated monomeric
(BMAI-1), the dimeric (BDAI-1) proteins from barley

Enzyme inhibitors and the equivalent rice allergens.

A number of occupational and domestic allergens have

been described which show enzyme inhibitory activity or . N
Kunitz protease inhibitors

demonstrate marked sequence homology to known

inhibitors. They are either derived from plant seeds,In addition to 2S and trypsin/amylase inhibitors, limited

pollen or from hen egg white (Tables 2,4,10) anddata indicate that the seed derived Kunitz protease

usually inhibit protease and/or amylase activity. inhibitor, soybean trypsin inhibitor (Table 5), may also
be allergenic [59].

Seeds

- : . Pollen
Several clinically important occupational allergens are

derived from plant seeds and include wheat, barley, ricePollens contain serine and cysteine protease inhibitors
castor bean and mustard seeds (Table 4). They amhich also bind IgE. For example, ragweed pollen
proteins associated with storage or protection from pre{Table 2) has been shown to possess a cystatin-like cysteine
dators such as insects and may be divided into threerotease inhibitor [70]. These low molecular weight inhi-
broad groups: the storage proteins, designated the 28itors are common in mammalian systems and are thought
albumins or napins; the 14 kDa subunit proteins knownto be important in regulating lysosomal cysteine proteases
to inhibit both trypsin andv-amylase; and a third group such as the cathepsins B and H. Some pollens have also
comprising Kunitz-type protease inhibitory allergensbeen reported to contain functionally active trypsin inhibi-
such as soybean trypsin inhibitor. tors which bind IgE [71]. Such inhibitors were found in
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Table 7. Physicochemical and biochemical characteristics of dust mite allergens

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
D. pteronyssinus
Derp1l >90 25 222 5.7 Yes Cysteine protease; shows homology
with Der f 1 and Eur m 1, papain,
actinidin, cathepsins B and H
Derp 2 >90 14 129 6.6 No Function unknown; shows homology
with putative human epididymal
protein
Derp3 51>90 25 ? 4<8 No Trypsin; shows homology with Der f 3
and Der p 6 and Der f 6, mammalian
and invertebrate trypsins, and other
serine proteases
Derp4 25-46 56 ? 5-7 ? Amylase
Derp5 >55 13 113 ? No Function unknown
Derp 6 39 30 ? 3.8-44 ? Chymotrypsin; shows homology with
Der p 3 and Der f 3, and Der f 6,
mammalian and invertebrate chymo-
trypsins, and other serine proteases
Derp7 53 22 198 4.7 Yes Function unknown
(11-29kDa)
Derp8 ? 26 219 ? ? Shows homology with glutathione
transferase
Derp9 >90 28 ? 48,7.8, ? Serine protease; shows homology with
10.5 mite groups 3 and 6 allergens
Dpt 4 ? 244 ? 5 Yes Very high density lipoprotein
D. farinae
Derf1l 79 25 223 5.7 Yes Cysteine protease; shows homology
with Der p 1 and Eur m 1, papain,
actinidin, cathepsins B and H
Der f 2 83 14 129 6.5 No Function unknown; shows homology
with putative epididymal protein
Der f 3 42-70 30 232 4.8 No Trypsin; shows homology with Der p 3,
and Der f 6, and Der p 6, mammalian
and invertebrate trypsins, and other
serine proteases
Der f 6 31 30 ? ? ? Chymotrypsin; shows homology with
Der p 3 and Der f 3 and Der p 6,
mammalian and invertebrate chymo-
trypsins, and other serine proteases
Derf7 46 22 196 ? Yes Function unknown
Der f 10 81 33 284 No Tropomyosin
67 kDa >10 67 ? ? ? Shows homology with heat shock
protein 70 family
Euroglyphus maynei
Eurm 1 ? 25 ? ? Yes Cysteine protease; shows homology

with Der p 1 and Der f 1 allergens,
papain, actinidin, cathepsins B and H
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Table 7. Continued

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology

Lepidopglyphus destructor
Lepd?2 87 16-18 ? 7.6-7.8 ? Function unknown; shows homology
with putative epididymal protein and
group 2 mite allergens

79/93 kDa allergen ? 79/93 ? ? ? Function unknown
Blomia tropicalis
Blot1l >47 11-13 ? ? ? Function unknown

Blot5 70 14 ? ? ? Function unknown; shows homology
with mite group 5 allergens

tree, weed and grass pollens from species such &&gg

Rumex, Chenopodium, Parietaria, Olea, Holcuasd . . .
: Egg white has been shown to contain two proteins,

Poa but they were shown to be absent frobolium, ; . A L .
Secale, Dactylisand Cynodonspp. The reported physi- either with ‘enzyme |qh|t_)|tpry act|V|t.y or demonstratlng
' j sequence similarity to inhibitory proteins. In this regard, the

cochemical properties of these allergens (a 20kDa PrOZ omucoid alleraen Gal d 1. is a known potent serine
tein with a pl of 4.2) suggest that they may be related to the gen, | P

Kunitz group of protease inhibitors [72]. In this regard, theprotease inhibitor(Table 10, and' ovalbumln [36’75]
demonstrates sequence homology with a family of proteins

group 11 allergen from rye grass [73] and the group 1related to the serine protease inhibitors [77]. However,

pollen allergens from several members of the Oleaceage A .
family, such as olive and lilac [74,75], have been shown ir]protease inhibitory activity has not been demonstrated

part, to be structurally related to the Kunitz soybean trypsinthus far.

inhibitor, although they do not appear to possess inhibitory L )
activity, findings consistent with previously reported data"Ot€ins involved in transport

[71]. A variety of allergens demonstrate significant homology

Table 8. Physicochemical and biochemical characteristics of insect allergens

Frequency Mol.  Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or

Allergen (%) (kDa) residues pl site(s) homology
Midges
Chironomus thummi thummi

Chit1l ? 15 136 6.5 No Haemoglobin
Cladotanytarsus lewisi

17 kDa allergen ? 17 ? 3.9-5.2 ? Haemoglobin

32kDa allergen ? 32 ? 3.9-5.2 ? Haemaglobin
German cockroach
(Blattella germanica

Blag1l 30 25 ? 3.5 ? Function unknown

Blag 2 58 36 328 5.2 ? Shows homology to aspartate proteases

Blag 4 ? 20 ? ? ? Shows homology with lipocalins

Blag5 ? ? ? ? ? Shows homology with glutathione transferase
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Table 9. Physicochemical and biochemical characterization of animal and dander allergens

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
Cat
(Felix domesticus
Feld 1 >80 Function unknown;
Chain 1 8 70 4.3 No chain shows homology with
10 kDa secretory protein from
human Clara cells and rat
analogue; rabbit uteroglobin
Chain 2 10 92 4.4 Yes No known homologue
Dog
(Canis familiarig
Canf1l >70 19-25 ? 5.2 ? Function unknown; expressed in
skin and dander, may be
analogous to the rodent lipocalin
allergens
Canf2 23 ? ? ? ? Function unknown
69 kDa 40 69 ? 45 ? Dog serum albumin
allergen
Horse
(Equus caballus
Equc1l 100 20 ? 3.94.1 Yes Function unknown
67 kDa allergen ? 67 583 ? Yes Probably horse albumin
Cow
(Bos domesticys
BDA20/Bos d 1 97 20-22 ? 3.6 ? Function unknown; may be
analogous to the rodent lipocalin
allergens
AS1 31 21 190 ? ? Oligomycin sensitivity-conferring
protein of the mitochondrial
adenosine triphosphate synthase
complex
Mouse
(Mus musculus
Mus m 1 ? 19 162 4.7 No Major urinary protein; shows
homology with lipocalins such as
[-lactoglobulin, odorant binding
proteins, Rat n 2
Rat
(Rattus novegicys
Ratn 1 60 21 ? 45 Yes Urinary pre-albumin, shows
homology with Rat n 2
Ratn 2 90
Liver/urine 19 162 5.3 Yes Major urinary protein,
Salivary gland 18 160 45 Yes alpha-globulin, shows

homology with lipocalins such
as g-lactoglobulin, odorant
binding proteins, Mus m 1
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Table 10.Physicochemical and biochemical characteristics of egg white allergens

Frequency Mol. Number of Potential
of reactivity weight amino acid glycosylation Biochemical identity or
Allergen (%) (kDa) residues pl site(s) homology
Gald1l 34 20 186 4.6 Yes Ovomucoid, protease inhibitor
Gald2 32 43 385 5.0 Yes Ovalbumin, function unknown
but protein shows homology with
serine protease inhibitors
Gald3 47 76 686 6.7 Yes Conalbumin, iron transport
protein
Lysozyme 50 14 128 10.2 No 14N-acetylmuramidase

to proteins involved in the transport of ligands such as2, from rodents (Table 8). They are commonly found in
lipids, pheromones, electrons, oxygen and iron, anda variety of tissues (dander, epithelium, fur, urine or
include allergens from grass and weed pollen, animakaliva) [78—-80]. These proteins show marked structural
tissue, cockroaches and hen egg white (Tables 1,2,9,10dnd sequence similarities to proteins such as odorant
binding proteins, retinol binding protein ang1-micro-
globin, which are termed the lipocalins or calycins [81].
These homopolymeric proteins comprise a characteristic
subunit structure, and proteins within this group are
The most important allergenic transport proteins are theéhought to play major roles in the transport of small
20 kDa major urinary proteins, e.g. Mus m 1 and Rat nhydrophobic molecules (e.g. polychlorinated biphenyls,

Lipocalins

Table 11. A summary of the major groups of biochemically active allergens

Biochemical activity Allergens

Hydrolytic enzymes
Proteases

Serine proteases
Cysteine protease
Aspartate protease
Metalloproteinase
Carbohydrases

Ribonucleases
Non-hydrolytic enzymes

Enzyme inhibitors
Transport proteins

Regulatory proteins

Miscellaneous

Group 3 mite trypsins, group 6 mite chymotrypsins, group 9 mites proteases, mammalian trypsin,
mammalian chymotrypsin, bacterial subtilisins

Group 1 mite allergens, papain, bromelain

Mammalian pepsin, fungal protease, renin, Bla g 2

Bacterial collagenase

Egg white lysozyme, mite group 4 amylase, plant fungal, bacterial and mammalian amylases,
cellulase, xylanase, fungal pectinase, fungal glucoamylase, *Cry j 2

Asp f 1, group 5 grass pollen allergens
Soybean lipoxygenase, fungal aldolase, enolase, alcohol dehydrogenase, phosphoglycerate kinase,
mite and cockroach glutathione transferases, *Amb a 1, *Amb a 2, and *Cry j 1 pectate lysases
Ric ¢ 1, wheat CM16, wheat WMAI-1, barley CMb, BMAI-1, BDAI-1, Ory s 1, ragweed cystatin,
Gal d 1, Gal d 2, soybean trypsin inhibitor, *Lol p 11, *Ole e 1
Group 10 grass pollen cytochrome c allergens, *Amb a 3, *Amb a 6, *Amb a 7, Mus m 1, Rat n 2,
Fel d 1, Gal d 3, midge haemoglobins, Bla g 4, animal serum albumins
Grass, weed and tree pollen profilins, tree pollen calmodulin, mite and fungal tropomyosins,
mite and fungal heat shock proteins, ribosomal p2 proteins, bovine oligomycin sensitivity-conferring
protein
Wheat lectin, pollen lectin, latex lectin (prohevein)

*|Indicates that allergens possess activity or show homology to proteins that do so.
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pheromones, vitamins) through hydrophilic environ-[94,101-103]. In this regard, this latter protein has been
ments. With regard to the rodent allergens it has beeshown to be an important shellfish food allergen and
proposed they play a major role in disseminating pher-autoantigen [102,103]. Calmodulins also play a regula-
omones, a suggestion supported by recent crystallotory role via calcium modulation. In this regard, the
graphic data [82]. More recently, cockroach allergendietary parvalbumin allergen, Gad c¢ 1, from codfish
designated Bla g 4 has been cloned and the resultinfl01] also possesses calcium binding properties but is
sequence shown to demonstrate homology with lipocaregarded as a transport rather than modulatory protein.
lins including the rodent urinary proteins [29]. The heat shock proteins are thought to perform a
number of regulatory functions, including binding to
actin and various receptors. The ribosomal acidic phos-
phoproteins and bovine oligomycin sensitivity-conferring
Several allergens have been found to demonstratprotein of the mitochondrial adenosine triphosphate
homology with proteins known to transport a variety synthase complex are important regulatory proteins
of ligands such as electrons, iron, oxygen and lipidand the former represents an important parasite and
(Tables 1,2,10). For example, grass pollens contairmutoantigen [104].
12kDa electron transport related pollen allergens such
as the haeme containing cytochrome c¢ (group 10
allergens from grass pollens [83], whereas weeds suc
as ragweed contain plastocyanin and stellacyanin (blu®©ther allergens have been characterized which do not, as
copper proteins) related allergens designated Amb a $et, fall within the groupings described above. They
and Amb a 7 respectively8f,85]. The former proteins include the lectin allergens from wheat [105], latex
are characteristic of mitochondria, whereas the latter ar¢37] and pollen [106].
associated with chloroplasts but it is not clear whether
each of these proteins plays a direct role in electro
transportper se[86]. In addition to potential electron
transport allergens, several other weed pollen allergendt is clear that despite the above descriptions, the
namely Amb a 6, Par o 1 and Par j 1, show markedbiochemical properties of some of the major aeroaller-
homology with known plant lipid transfer proteins gens remain to be elucidated. They include allergens
[87-89]. Other transport allergens include the ironfrom grass, tree and weed pollens, fungi, animal danders
transport protein allergen from egg white (Gal d 3, and dust mites. However, it is likely that many will fall
conalbumin) [36], haemoglobin allergens from midgeswithin the groups described above with further study. In
[90,91] and animal serum albumins [92,93]. the following sections, we highlight those allergens
whose biochemical activities remain to be determined.
In addition, we review appropriate data pertaining to
these allergens and speculate on their possible functions.
Several allergens have been shown to possess regulatory
properties. Interestingly, several of these proteins are,
often encountered as antigens in food allergy, parasite
infection and autoimmunity. They include tree, weed andWith regard to grass pollen allergens, the biochemical
grass pollen profilins [94], tree pollen calmodulin [95] identity of the groups 1 [107-109], 2 [110], 3 [111], 4
(Table 3), the cytoskeletal protein tropomyosin from[112] and 6 [113] remains to be determined (Table 2).
mites [96] (Table 7), fungal and mite heat shock However, despite this, the prototype group 1 allergen
proteins [97,98] (Tables 5,7), the fungal ribosomalfrom rye grass has been shown to be located in the outer
acidic phosphoproteins [99] (Table 5) and the bovinewall and cytoplasm of pollen grains, and around the
oligomycin sensitivity-conferring protein of the mito- starch granules, in contrast to the ribonuclease group
chondrial adenosine triphosphate synthase complex [10®(9) allergen located in the granule [51,52]. Given the
(Table 9). variety of enzymes found in pollen, it is feasible that
The regulatory properties of these proteins are variedthese allergens will also be enzymatically active. With
although several appear to be associated with actin. Foegard to the weed pollen allergens (Table 2), the
example, plant profilins are thought to play a role inbiochemical identities of the ragweed groups 1 [42], 2
actin streaming and pollen tube growth due to their[42] and 5 [114] remain to be determined, although the
association with actin polymerization, and tropomyosinssequence studies described earlier suggest that the
are involved in actin binding and muscle contractiongroups 1 and 2 allergens will be pectate lyases. A

Non-lipocalin transport proteins

ther allergens

I"Allergens with unknown biochemical activities

Regulatory proteins

rass and weed pollen allergens
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number of allergens from weed species other than ragacid sequence data, the identity of this protein remains
weed [115,116] have also been described but again, theinclear. In addition, a major acidic 70 kDA glycoprotein
identity and/or relationship with ragweed allergensallergen has also been isolated frofn alternata[126]
remains to be determined. but its identity has also to be ascertained. Other aller-
gens of unknown biochemical activity from fungi
include the Cladosporium allergens Cla h 1 and 2,
the 64 kDA allergen fromPenicillium notatumand the
The biochemical functions of some of the major aller- Rhiz Illb and Rhiz VIb allergens frorRhizopus nigricans
gens present in pollens produced by trees also remai(Table 5) [127-129].
unknown, particularly the 21 kDa group 1 allergens from
the trees belonging to the order Fagales, such as bircmnimal allergens
hazel and oak (Table 3). However, sequence homology
searches show that they are similar to a variety ofDespite knowing much about the structure of rodent
pathogenesis-related (PR) proteins of unknown functiordipocalin allergens present in epithelium and urine, the
from peas and beans [117-119] produced in response tsiochemical identities of the other major, non-rodent
stress or infection by bacteria, fungi and viruses. In thisanimal allergens from these sources remain to be
regard, mRNA coding for the group 1 tree pollen determined (Table 9). However, given the similarity in
allergens can be induced in isolated birch cell suspenphysicochemical characteristics between the low
sion cultures by co-cultivation with bacteria and fungi, molecular weight dander and urine allergens from
but not by stressing the cells with heat or metal ionsrabbit, dog, horse, guinea pig and cow allergens, it is
[120] treatments. A number of unrelated PR proteinsfeasible that they too will be shown to be lipocalins and
have also been described which are enzymatic oplay a role in transport. At present, it is not clear
enzyme- inhibitory. They include proteins such as chit-whether the 35kDA acidic glycoprotein cat allergen
inases, 5-1,3,-glucanases and invertases, and ribosomé&el d 1 will turn out to be a lipocalin, despite knowing
inactivating proteins and protease inhibitors [121-123].much about its structure [130-132]. In this regard, it has
Whether the group 1 tree pollen allergens possess any @ieen demonstrated that Fel d 1 (Table 9) comprises a
these activities remains to be determined. Interestinglynon-covalently bound dimeric glycoprotein, where each
several of the allergens from rubber tree latex possessionomer comprises two distinct disulphide linked pep-
some of the above properties and are classified as Pides designated chains 1 and 2. Chain 1 comprises a
proteins. non-glycosylated peptide of 70 amino acid residues
In addition to the group 1 allergens, the identities ofwhereas chain 2 is a glycosylated 92 residue peptide.
several other tree pollen allergens remains to be deter- Sequence searches have revealed that chain 1 shows
mined but it is likely that some, for example the homology with rabbit uteroglobin, the 10-13kDA
allergens from the Cupressaceae, will correspond to theecretory protein from human and rat Clara cells and
pectin degrading enzymes reported for Japanese ceddhe alpha chain of the androgen binding protein from
Other tree pollen allergens may be related to the Kunitanouse saliva [133]. The precise function of these pro-
trypsin inhibitors, given the reported similarity betweenteins is unclear but both the salivary and Clara cell
these proteins and the olive tree pollen allergen, Ole e proteins possess ligand binding activity [133] and it is
described above. thus feasible that the cat allergen will also be a transport
protein. It has been suggested that the mouse protein
plays a role in sex recognition and it is possible that the
function of the cat allergen may be similar.

Tree pollen allergens

Fungal allergens

The functions of most of the major allergens from the

clinically important fungal species, with the exception of Dust mite allergens
the hydrolytic and non-hydrolytic enzymes, and the heat
shock protein described above, are unknown (Table 5)The biochemical identities of several of the major mite
These include allergens from Alternaria, Cladosporiumallergens, including the group 2 [134,135], 5 [136] and 7
and Rhizopus [124-129]. For example, the major[137] allergens, remain to be determined despite the
allergen from Alternaria alternata Alt a 1, has been availability of a diverse array of data (Table 7). The
shown to be a heat stable, cytoplasmic acidic glycogroup 2 allergens are neutral to basic 14kDA non-
protein comprising 2 disulphide linked chains of glycosylated allergens recognized by the majority of
apparent molecular weight of 15kDa [124,125]. mite allergic individuals, and the complete amino
However, despite the availability of N-terminal amino acid sequences of the allergens frdn pteronyssinus,
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D. farinae and the storage miteepidoglyphus destructor immunocompetent cells is several orders of magnitude
have been determined. Sequence homology searches haeaer when they are complexed to receptors [150,151],
indicated that the allergens are similar to a putative humasuch observations may account for the relatively strong
epididymal protein of unknown function and it has beenimmunogenic signals resulting from exposure to minute
argued that the mite protein plays a role in reproductionquantities of allergen (ng per day) in the respiratory tree.
[138], although confocal microscopy suggests that the
allergens may be also be involved in digestion [139]. The .
Conclusions
14 kDA group 5 and the 22kDA group 7 allergens are
recognized by about 50% of mite allergic individuals andThe data presented in this review reveal the fruits of
are produced by several mite species. In both instancesjany studies and reflect the significant impact of
sequence data have failed to reveal their biochemicainodern technology on protein characterization. Most
identities. A number of other mite allergens have beerof the clinically important allergens have now been
described but their biochemical activities are unknownidentified and the physicochemical data obtained offer
[140-141]. hope of better and more reproducible diagnosis, and the
development of novel immunotherapeutic approaches to
allergic disease. The allergens can be classified into
discrete groups based on biochemical activities, and
Clinical and experimental observations suggest thenclude hydrolytic and non-hydrolytic enzymes, inhibi-
capacity of an individual to produce IgE antibody in tors, and transport and regulatory proteins (Table 11). Of
response to allergen is under the influence of a numbethese, hydrolytic enzymes appear prominent allergens in
of genes which probably operate at the level of theboth occupational and domestic settings, both numeri-
immunoregulatory T-cell system. However, possession otally and with regard to their frequency of recognition.
these genes does not guarantee IgE expression and it héthether this reflects their abundance or relative concen-
been proposed that environmental exposure to allergensation within a particular source or, alternatively, that
together with other factors, is critical in the induction biochemical activity is of particular significance, remains
process [142,143]. The respiratory mucosa is the obviouto be established. In addition to the potential clinical
primary site of interaction and it is likely that any gains accruing from a scientific study of allergens from
physicochemical property associated with an allergendisparate sources, the data generated have had, and will
or situations facilitating contact with immunocompetent continue to have, significant impact on our understand-
cells such as the MHC Class'lldendritic cells below ing of the biochemistry of many organisms which might
the epithelium, is likely to enhance IgE production in otherwise have been overlooked.
genetically susceptible individuals. In this regard, studies
from our laboratory have shown that the proteaseAcknowledgements
allergens from dust mites have a direct effect on
epithelial integrity and permeability [144], cause mast
cell degranulation in a non-IgE dependent manner [145
and induce cytokine release from respiratory epitheliu
[146].

Molecular size, solubility and absolute concentration
will undoubtedly contribute to this process [147,148], as
will mucosal inflammation induced by irritant gases and
respiratory tract infections. However, it is possible that 1 Stewart GA. Molecular biology of allergens. In: Busse W,
inherent biochemical properties, for example enzymatic  Holgate S eds. Asthma and Rhinitis. London: Blackwell
activity, specific physicochemical attributes (high pl) or ~ Scientific Publications, 1995:898-932. _ _
post-translational modifications (glycosylation), will con- 2 Ertc?;\:earziteSAo,f lgr‘)orgﬁ:rogln?lcmlct\r’i\gt'%?“ 'fA\a?:'t o?sm;hzwéfgilc
trlbutg. Interestingly, many of the bIOChe.mlcal p.mpe”'es sensitization? Pediatr Allergy Immunol y1993; 4:163-72.
described for allergens are often associated with patho- 3 King TP. Hoff D. L tein 1ot al Al i

. .. . g , AoMMman D, Lowenstein al. ergen nomen
gens and exploited by cells comprising the innate arm of

X clature. WHO/IUIS Allergen Nomenclature Subcommittee.
the immune defence system, such as macrophages and |yt archs Allergy Appl Immunol 1994; 105:224—33.

monocytes via a range of receptors [2,149]. We have 4 chua KY, Stewart GA, Thomas WRet al Sequence
proposed [2] that these cells may recognize allergens in  analysis of cDNA coding for a major house dust mite
a similar fashion and be rendered immunogenic. allergen,Der p I. Homology with cysteine proteases. J Exp
Given that the amount of antigen necessary to activate Med 1988; 167:175-82.

Biochemical properties and immunogenicity

The authors’ studies on dust mite allergens described in
his review have been supported by the Australian
m ational Health and Medical Research Council, the
Asthma Foundation of Western Australia Inc. and The
TVW Telethon Foundation.

References

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044



1040 G. A. Stewart and P. J. Thompson

5 Flindt MHL. Allergy to alpha-amylase and papain. Lancet from house dust miteEuroglyphus mayneiInt Arch
1979; 1:1407-08. Allergy Immunol 1992; 99:150-2.

6 Baur X, Wiessmann KJ, Wuthrich B. Enzymes are 22 Thomas B, Heap P, Carswell F. Ultrastructural localization
allergenic components of inhaled pancreatin. Dtsch Med of the allergenDer p | in the gut of the house dust mite

Wochenschr 1984; 109:257-60. Dermatophagoides pteronyssinugt Arch Allergy Appl
7 Arruda LK, Platts-Mills TAE, Fox JW, Chapman MD. Immunol 1991; 94:365-7.
Aspergillus fumigatusallergen I, a major IgE-binding 23 Topham CM, Srinivasen N, Thorpe CJ, Overington JP,
protein, is a member of the mitogillin family of cytotoxins. Kalsheker NA. Comparative modelling of major house dust
J Exp Med 1990; 172:1529-32. mite allergen Der p |. structure validation using an
8 Bufe A, Schramm G, Keown MB, Schlaak M, Becker extended environmental amino acid propensity table.
WM. Major allergenPhl p Vb in timothy grass is a novel Protein Engng 1994; 7:869-94.
pollen RNase. FEBS Letters 1995; 363:6-12. 24 Milne J, Brand S. Occupational asthma after inhalation of

9 Bergner A, Bergner RK. Pulmonary hypersensitivity dust of the proteolytic enzyme papain. Br J Ind Med 1975;
associated with pancreatin powder exposure. Pediatrics 32:302-7.
1975; 55:814-17. 25 Galleguillos F, Rodriguez JC. Asthma caused by bromelin
10 Twarog FJ, Weinstein SF, Khaw KT, Strieder DJ, Colten inhalation. Clin Allergy 1978; 8:21-4.
HR. Hypersensitivity to pancreatic extracts in parents of 26 Cartier A, Malo JL, Pineau L, Dolovich J. Occupational

patients with cystic fibrosis. J Allergy Clin Immunol 1977; asthma due to pepsin. J Allergy Clin Immunol 1984;
59:35-40. 73:574-7.

11 Zweiman B, Green G, Mayock RL, Hildreth EA. 27 Niinim&ki A, Saari S. Dermatological and allergic hazards
Inhalation sensitization to trypsin. J Allergy 1966; 39:11— of cheesemakers. Scand J Work Environ Health 1978;
16. 4:262-3.

12 Colten HR, Polankoff PL, Weinstein SF, Streider DJ. 28 Akiyama K, Shida T, Yasueda H, Mita H, Yamamoto T,
Immediate hypersensitivity to hog trypsin resulting Yamaguchi H. Atopic asthma caused Bandida albicans
from industrial exposure. N Engl J Med 1975; 292:1050— acid protease: case reports. Allergy 1994; 49:778-81.

53. 29 Arruda LK, Vailes LD, Benjamin DC, Chapman MD.

13 Stewart GA, Ward LD, Simpson RJ, Thompson PJ. The Molecular cloning of german cockroach Blattella
group llIl allergen from the house dust mitBermato- germanica allergens. Int Arch Allergy Immunol 1995;
phagoides pteronyssinusis a trypsin-like enzyme. 107:295-7.

Immunology 1992; 75:29-35. 30 Kampe M, Stéenheim G, Edling C, Norbzk D, Aimby B.

14 Smith W-A, Chua K-Y, Kuo MC, Rogers BL, Thomas Enzyme allergies in research laboratories. Clin Exp Allergy
WR. Cloning and sequencing of thBermatophagoides 1989; 19:120.
pteronyssinusgroup Ill allergen, Der p lll. Clin Exp 31 Sandiford CP, Tee RD, Newman Taylor AJ. The role of
Allergy 1994; 24:220-28. cereal and fungal amylases in cereal flour hypersensitivity.

15 Yasueda H, Mita H, Akiyama Ket al. Allergens from Clin Exp Allergy 1994; 24:549-57.

Dermatophagoides mites with chymotryptic activity. Clin 32 Baur X, Fruhman G, Haug Bt al. Role of Aspergillus
Exp Allergy 1993; 23:384-390. amylase in baker's asthma. Lancet 1986; 1:43.

16 King CM, Simpson RJ, Moritz RL, Reed GE, Thompson 33 Wihrich B, Bauer X. Baking ingredients, especially alpha-
PJ, Stewart GA. Characterization of a novel serine protease = amylase, as occupational inhalation allergens in the baking

allergen from the dust mitdDermatophagoides pteronyssi- industry. Schweiz Med Wochenschr 1990; 120:446-50.
nus J Allergy Clin Immunology. In press. 34 Baur X, Weismann KJ, Whrich B. Enzyme sind die
17 Stewart GA, Kollinger MR, King CM, Thompson PJ. A allergen-wirksamen Komponenten von inhaliertem

comparative study of three serine proteases fidenmato- Pankreatin. Dtsch med Wschr 1983; 109:257.
phagoides pteronyssinuand D. farinae Allergy 1994; 35 Lake FR, Ward LD, Simpson RJ, Thompson PJ, Stewart
49:553-60. GA. House dust mite derived amylase: allergenicity and
18 Flindt MLH. Pulmonary disease due to inhalation of physicochemical characterisation J Allergy Clin Immunol
derivatives of Bacillus subtilis containing proteolytic 1991; 87:1035-42.
enzymes. Lancet 1969; 1:1177-81. 36 Blair Smith A, Bernstein DI, London MAt al. Evaluation
19 Juniper CP, How MJ, Goodwin BFJ, Kinshott AK. Bacil- of occupational asthma from airborne egg protein exposure in

lus subtilis enzymes: a 7-year clinical, epidemiology and multiple settings. Chest 1990; 98:398—404.

immunological study of an industrial allergen. J Soc Occup 37 Alenius H, Kalkkinen N, Lukka Met al. Prohevein from

Med 1977; 27:3-12. the rubber tree Hevea brasiliensis is a major latex
20 Dilworth RJ, Chua KY, Thomas WR. Sequence analysis of allergen. Clin Exp Allergy 1995; 25:659-65.

cDNA coding for a major house dust mite allergéder f 38 Hartmann AL, Walter H, Wihrich B. Allergisches

I. Clin Exp Allergy 1991; 21:25-32. Berufsasthma auf Pektinase, ein pektolytisches. Enzym
21 Kent NA, Hill MR, Keen JN, Holland PW, Hart BJ. Schweiz med Wschr 1983; 113:265-7.
Molecular characterisation of group | allergefur m | 39 Taniguchi Y, One A, Sawatani Mt al. Cry j I, a major

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044



Biochemistry of allergens 1041

allergen of Japanese cedar pollen,
enzyme activity. Allergy 1995; 50:90-3.
40 Ohtsuki T, Taniguchi Y, Kohno ket al. Cry j 2, a major

has pectate

allergen of Japanese cedar pollen, shows polymethyl-

galacturonase activity. Allergy 1995;50:483-8.
41 Reid MJ, Nish WA, Whisman BAet al HLA-DR4-

lyase

molecular cloning and immunological analysis using
monoclonal antibodies. Clin Exp Allergy 1991; 21:675-81.

57 Ishiguro A, Homma M, Torii S, Tanaka K. ldentification

of Candida albicans antigens reactive with immuno-
globulin E antibody of human sera. Infect Immun 1992;
60:1550-7.

associated nonresponsiveness to mountain-cedar allergen58 Horner WE, Reese G, Lehrer SB. Identification of the

J Allergy Clin Immunol 1992; 89:593-8.

42 Griffith 13, Pollock J, Klapper DG, Rogers BL, Nault AK.
Sequence polymorphism ohmb al and Amb all, the
major allergens immbrosia artemisiifolia(short ragweed).
Int Archs Allergy Appl Immunol 1991; 96:296-304.

43 Pressey R, Reger BJ. Polygalacturonase in pollen from

corn and other grasses. Plant Science 1989; 59:57—62.

44 Tarvainen K, Kanerva L, Tupasela @ al. Allergy from
cellulase and xylanase enzymes. Clin Exp Allergy 1991;
21:609-15.

45 Bernstein DI, Bernstein JA, Reed €® al. Allergic sensi-
tization to fungal lactase occurs in pharmaceutical workers
but can be prevented by environmental controls. J Allergy
Clin Immunol 1994; 93:265.

46 Baur X. Occupational asthma, appropriate diagnosis and62

therapy. Allergologie 1989; 12:568-70.

47 Quirce S, Cuevas M, Diez-Gomez Mt al. Respiratory
allergy to Aspergillus-derived enzymes in baker's asthma.
J Allergy Clin Immunol 1992;90:970-8.

48 Shen HD, Liaw SF, Lin WLet al. Molecular cloning of
cDNA coding for the 68kda allergen oPenicillium
notatumusing moabs. Clin Exp Allergy 1995; 25:350-6.

49 Kumar A, Kurup VP, Sochanik A, Reddy LV. Isolation of
a gene encoding IgE- and IgG-binding protein Adper-
gillus fumigatus J Allergy Clin Immunol. 1992; 89:241.

50 Kurup VP, Kumar A, Kenealy WR, Greenberger PA.
Aspergillus ribotoxins react with IgE and IgG antibodies
of patients with allergic bronchopulmonary aspergillosis.
J Lab Clin Med 1994; 123:749-56.

51 Singh MB, Hough T, Theerakulpisut & al. Isolation of
cDNA encoding a newly identified major allergenic protein
of rye-grass pollen: intracellular targeting to the amylo-
plast. Proc Natl Acad Sci USA 1991; 88:1384-8.

52 Suphioglu G, Singh MB, Taylor Rt al Mechanism of
grass-pollen-induced asthma. Lancet 1992; 339:569-72.

53 Baldo BA, Baker RS. Inhalant allergies to fungi: reactions 67

to bakers’ yeast Saccharomyces cerevisja@nd identi-
fication of bakers’ yeast enolase as an important
allergen. Int Arch Allergy Appl Immunol 1988;
86:201-8.

54 1lto K, Ishiguro A, Kanbe T, Tanaka K, Torii S. Detection
of IgE antibody againstCandida albicansenolase and its
crossreactivity toSaccharomyces cerevisiagnolase. Clin
Exp Allergy 1995; 25:522-8.

55 Achatz G, Oberkofler H, Lechenauer & al. Molecular
cloning of major and minor allergens oAlternaria
alternata and Cladosporium herbarumMol Immunology
1995; 32:213-27.

56 Shen HD, Choo KB, Lee HHet al The 40-kilodalton
allergen ofCandida albicanss an alcohol dehydrogenase:

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044

allergen Psi ¢ 2 from the basidiomyced®silocybe cubensis
as a fungal cyclophilin. Int Archs Allergy Immunol 1995;
107:298-300.

59 Wuthrich B, Baur X. Baking ingredients, especially alpha-

amylase, as occupational inhalation allergens in the baking
industry. Schweiz Med Wochenschr 1990; 120:446-50.

60 O'Neill GM, Baldo BA, Donovan GR. Cloning and char-

acterization of a major allergen of the house dust mite,
homologous with glutathione S-transferase. Biochim Bio-
phys Acta 1994; 1219:521-8.

Posch A, Weiss W, Wheeler C, Dunn MJ, Gorg A.
Sequence analysis of wheat grain allergens separated by
two-dimensional electrophoresis with immunobilized pH
gradients. Electrophoresis 1995; 16:1115-19.

Svendsen IB, Nicolova D, Goshev I, Genov N. Isolation
and characterization of a trypsin inhibitor from the seeds
of kohlrabi Brassica napusvar. rapifera) belonging to the
napin family of storage proteins. Carlsberg Res Commun
1989; 54:231-9.

Men@dez-Arias L, Moneo |, Dofmguez J, Rodguez R.
Primary structure of the major allergen of yellow mustard
(Sinapis albal.) seed, Sin al. Eur J Biochem 1988;
177:159-66.

Monsalve RI, Gonzalex de la Pena MA, Madez-Arias L

et al Characterization of a new oriental-mustairgssica
junceg allergen, Bra j IE: detection of an allergenic
epitope. Biochem J 1993; 293:625-32.

Thorpe SC, Kemeny DM, Panzani RC, McGurl B, Lord M.
Allergy to castor bean. Il. Identification of the major
allergens in castor bean seeds. J Allergy Clin Immunol
1988; 82:67-72.

Irwin SD, Keen JN, Findlay JB, Lord JM. ThRicinus
communis2S albumin precursor: a single preproprotein
may be processed into two different heterodimeric storage
proteins. Mol Gen Genet 1990; 222:400-8.

Gamez L, Martn E, Herdadez Det al. Members of the
alpha-amylase inhibitors family from wheat endosperm are
major allergens associated with baker's asthma. FEBS Lett
1990; 261:85-8.

Saichez-Monge R, Gomez L, Barber & al. Wheat and
barley allergens associated with baker's asthma.
Glycosylated subunits of the alpha-amylase-inhibitor
family have enhanced IgE-binding capacity. Biochem J
1992; 291:401-5.

Adachi T, Izumi H, Yamada Tt al Gene structure and
expression of rice seed allergenic proteins belonging to the
alpha-amylase/trypsin inhibitor family. Plant Mol Biol
1993;21:239-48.

Rogers BL, Pollock J, Klapper DG, Griffith 1J. Complete
sequence of a proteinase inhibitor cystatin homologue from



1042 G. A. Stewart and P. J. Thompson

the pollen of Ambrosia artemisiifolia (short ragweed).
Gene 1993; 133:219-21.

71 Mardfn F, Berrens L. IgE-Binding trypsin inhibitor in
pollen extracts. Allergy 1993; 48(Suppl):128.

72 Kim SH, Hara S, Hase ®t al Comparative study on

amino acid sequences of Kunitz-type soybean trypsin

inhibitors,
98:435-48.
73 van Ree R, Hoffman DR, Vandijk Wt al. Lol p XI, a

Ti(a), Ti(b), and Ti(c). J Biochem 1985;

new major grass pollen allergen, is a member of a family

of soybean trypsin inhibitor-related proteins. J Allergy Clin
Immunol 1995; 95:970-8.

74 Villalba M, Batanero E, Lpez-Otn C et al. The amino
acid sequence oDle e |, the major allergen from olive
tree Olea europaep pollen. Eur J Biochem 1993;
216:863-9.

75 Batanero E, Villalba M, Lopez-Otin C, Rodriguez R.
Isolation and characterization of an olive allergen-like

87 Lubahn B, Klapper DG. Cloning and characterisation of
ragweed allergemb aVI. J Allergy Clin Immunol 1993;
91:338.

88 Costa AM, Colombo P, 1zzo \et al. ¢ DNA cloning,
expression and primary structure dfar j |, a major
allergen of Parietaria judaica pollen. FEBS Lett 1994;
341:182-6.

89 Oreste U, Coscia MR, d’Abusco Santonastaso V, Ruffilli A.
Purification and characterization &far o I, major allergen
of Parietaria officinalis pollen. Int Arch Allergy Appl
Immunol 1991; 96:19-27.

90 Baur X. Hemoglobins of chironomids: until now unknown
potent inhalent antigens for humans. Klin Wochenschr
1980; 58:1163-4.

91 Tee RD, Cranston PS, Dewair Mt al Evidence for
haemoglobins as common allergenic determinants in
IgE-mediated hypersensitivity to chironomids (non-biting
midges). Clin Allergy 1985; 15:335-43.

protein from lilac pollen. Sequence analysis of three 92 Fjeldsgaard BE, Paulsen BS. Comparison of IgE-binding

cDNA encoding protein isoforms. Eur J Biochem 1994;
221:187-93.
Elsayed S, Apold J, Holen Eet al

76 The structural

requirements of epitopes with IgE binding capacity demon-
strated by three major allergens from fish, egg and tree

pollen. Scand J Clin Lab Invest Suppl 1991; 204:17-31.
Remold-O’Donnell E. The ovalbumin family of serpin
proteins. FEBS Lett 1993; 315:105-8.

77

78
allergy to urine proteins of rats and mice. Lancet 1977,
2:847-849.

Schumacher MJ. Clinically relevant allergens

laboratory and domestic small animals. N Engl

Allergy Proc 1987; 8:225-31.

Longbottom JL. Purification and characterization of

allergens from the urines of mice and rats. In: Oehling

A, Glazer |, Mathov E, Arbesman C, eds. Advances in

allergology and applied immunology. Oxford: Pergamon

Press, 1980:483-90.

Flower DR, North ACT, Attwood TK. Structure and

sequence relationships in the lipocalins and

proteins. Protein Science 1993; 2:735-61.

82 Bocskei Z, Groom CR, Flower DRet al. Pheromone
binding to two rodent urinary proteins revealed by X-ray
crystallography. Nature 1992; 360:186-8.

83 Ekramoddoullah AK, Kisil FT, Bundesen P& al. Deter-

79 from

Reg

80

81

minants of ryegrass pollen cytochrome c recognized by

human IgE and murine monoclonal antibodies. Mol Immu-
nol 1984; 21:375-82.
84 Klapper DG, Goodfriend L, Capra JD. Amino acid

sequence of ragweed allergen Ra3. Biochemistry 1980;

19:5729-34.

85 Roebber M, Marsh DG. Isolation and characterization of

Newman Taylor AJ, Longbottom JL, Pepys J. Respiratory

antigens in horse dander and a mixture of horse hair and
skin scrapings. Allergy 1993; 48:535-41.

93 Spitzauer S, Schweiger C, Anrathertl al. Characterisa-
tion of dog allergens by means of immunoblotting. Int
Archs Allergy Immunol 1993; 100:60-7.

94 Valenta R, Duchene M, Breitenbach Mt al A low
molecular weight allergen of white birchBétula verru-
cosg is highly homologous to human profilin. Int Arch
Allergy Appl Immunol 1991; 94:368-70.

95 Seiberler S, Scheiner O, Kraft D, Lonsdale D, Valenta R.
Characterization of a birch pollen allerge®et v I,
representing a novel class of Cg2binding proteins:
specific expression in mature pollen and dependence of
patients’ IgE binding on protein-bound Ga2 Embo J
1994; 13:3481-6.

96 Aki T, Kodama T, Fujikawa Aet al Immunochemical
characterization of recombinant and native tropomyosins as
a new allergen from the house dust mite,
Dermatophagoides farinael Allergy Clin Immunol 1995;
96:74-83.

related 97 Kumar A, Reddy LV, Sochanik A, Kurup VP. Isolation

and characterization of a recombinant heat shock protein of
Aspergillus fumigatus J Allergy Clin Immunol 1993;
91:1024-30.

98 Aki T, Fujikawa A, Wada Tet al. Cloning and expresssion
of cDNA coding for a new allergen from the house dust
mite, Dermatophagoides farinaehomology with human
heat shock cognate proteins in the heat shock protein 70
family. J Biochem 1994; 115:435-40.

99 Zhang L, Muradia G, Curran |, Rode H, Vijay HM. A
cDNA clone coding for a novel allergerCla h Ill, of
Cladosporium herbarumidentified as a ribosomal p-2
protein. J Immunol 1995; 154:710-17.

allergen Amb a VIl from short ragweed pollen. J Allergy 100 Parkkinen S, Rytkonen M, Pentikainen J, Virtanen T,

Clin Immunol 1991; 87:324.

86 Hunt LT, George DG, Yeh LS. Ragweed allergen Ra3:
relationship to some type 1 copper-binding proteins. J Mol

Evol 1984; 21:126-32.

Mantyjarvi R. Homology of a bovine allergen and the
oligomycin sensitivity-conferring protein of the mito-
chondrial adenosine triphosphate synthase complex.
J Allergy Clin Immunol 1995; 95:1255-60.

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044



Biochemistry of allergens 1043

101 Elsayed S, Apold J. Immunochemical analysis of cod fish Art v Il from the pollen of mugwort Artemisia vulgaris
allergen M: locations of the immunoglobulin binding sites L.). J Biol Chem 1991; 266:2660-8.
as demonstrated by the native and synthetic peptidesl1? Breiteneder H, Pettenburger K, Bito ét al The gene
Allergy 1983;38:449-59. coding for the major birch pollen allergeBet v I, is

102 Reese G, Daul CB. Lehrer SB. Antigenic analysis (IgE and highly homologous to a pea disease resistance reponse
monoclonal antibodies) of the major shrimp allergen Pen a  gene. Embo J 1989; 8:1935-8.
1 (Tropomyosin) fromPenaeus aztecusnt Archs Allergy 118 Valenta RE, Breiteneder H, Petternburger & al.
Immunology 1995; 107:245-7. Homology of the major birch-pollen allergerBet v I,

103 Konstadoulakis, MM, Kroumbouzou H, Tsiamis E, Trikas with the major pollen allergens of alder, hazel, and
A, Toutouzas P. Clinical significance of antibodies against hornbeam at the nucleic acid level as determined by

tropomyosin, actin and myosin in patients with dilated cross-hybridization. J Allergy Clin  Immunol 1991;

cardiomyopathy. J Clin Laboratory Immunol 1993; 87:677-82.

40:61-7. 119 Walter MH, Liu JW, Grand C, Lamb CJ, Hess D. Bean
104 Elkon KB, Bonfa E, Weissbach H, Brot N. Antiribosomal pathogenesis-related (PR) proteins deduced from elicitor-

antibodies in SLE, infection, and following deliberate induced transcripts are members of a ubiquitous new class

immunization. Adv Exp Med Biol 1994; 347:81-92. of conserved PR proteins including pollen allergens. Mol

105 Smith JJ, Raikhel NV. Nucleotide sequences of cDNA Gen Genet 1990; 222:353-60.
clones encoding wheat germ agglutinin isolectins A and D.120 Swoboda I, Scheiner O, Kraft & al. A birch gene family
Plant Mol Biol 1989; 13:601-3. encoding pollen allergens and pathogenesis-related
106 Subba Rao PV, Gupta N, Martin B. The major glyco- proteins. Biochim Biophys Acta 1994; 1219: 457-64.
protein allergen from the pollen of Parthenium 121 Sturm A, Chrispeels MJ. cDNA cloning of carrot
hysterophorus cross-reacts with a hydroxyproline rich extracellular beta-fructosidase and its expression in
potato lecin. J Allergy Clin Immunol 1994; 93:207. response to wounding and bacterial infection. Plant Cell
107 Esch RE, Klapper DG. lIdentification and localization of 1990; 2:1107-19.
allergenic determinants on grass group | antigens usindl22 Neale AD, Wahleithner JA, Lund Mt al. Chitinase, beta-

monoclonal antibodies. J Immunol 1989; 142:179-84. 1,3-glucanase, osmotin, and extensin are expressed in

108 Perez M, Ishioka GY, Walker LE, Chestnut RW. cDNA tobacco explants during flower formation. Plant Cell
cloning and immunological characterization of the rye 1990; 2:673-84.
grass allergerLol p I. J Biol Chem 1990; 265:16210-5. 123 Cote F, Cutt JR, Asselin A, Klessig DF. Pathogenesis-

109 Griffith 13, Smith PM, Pollock Jet al Cloning and related acidic beta-1,3-glucanase genes of tobacco are
sequencing ofLol p I, the major allergenic protein of regulated by both stress and developmental signals. Mol
rye-grass pollen. FEBS Lett 1991; 279:210-15. Plant Microbe Interact 1991; 4:173-81.

110 Ansari AA, Shenbagamurthi P, Marsh DG. Complete 124 Yunginger JW, Jones RT, Nesheim ME, Geller M. Studies
amino acid sequence of kolium perenne(perennial rye on Alternaria allergens (lll). Isolation of a major allergenic
grass) pollen allergenLol p Il. J Biol Chem 1989; fraction (ALT-1). J Allergy Clin Immunol 1980; 66:
264:11181-5. 138-47.

111 Ansari AA, Shenbagamurthi P, Marsh DG. Complete 125 Deards MJ, Montague AE. Purification and characterization
primary structure of alolium perenne (perennial rye of a major allergen ofAlternaria alternata Mol Immunol
grass) pollen allergenlol p Ill: comparison with known 1991; 28:409-15.

Lol p I and Il sequences. Biochemistry 1989; 28:8665—70.126 Homer S, Portnov J, Upadrashta B, Pacheco F, Barnes C.

112 Ekramoddoullah AK, Kisil FT, Sehon AH. Immunochem- Measurement of a specific 70KBlternaria allergen in

ical characterization of a high molecular weight basic different fungi. J Allergy Clin Immunol 1992; 89:242.
allergen (HMBA) of rye grass LElium perenng pollen. 127 Aukrust L, Borch SM, Partial purification and charac-
Mol Immunol 1983; 20:465-73. terization of two Cladosporium herbarumallergens. Int
113 Petersen A, Bufe A, Schlaak M, Becker WM. Charac- Archs Allergy Appl Immunol 1979; 60:68-72.
terization of the allergen group VI in timothy grass pollen 128 Sward-Nordmo M, Smestad PB, Wold JK. Immunological
(Ph1 p 6). 1. Immunological and biochemical studies. Int studies of the glycoprotein allergen Ag 5€I& h Il) in
Archs Allergy Immunol 1995; 108:49-54. Cladosporium herbarumwith special attention to the
114 Mole LE, Goodfriend L, Lapkoff CB, Kehoe JM, Capra carbohydrate and protein moieties. Int Archs Allergy
JD. The amino acid sequence of ragweed pollen allergen  Appl Immunol 1989; 90:155-61.

Ra5. Biochemistry 1975; 14:1216-20. 129 Sridhara S, Gangal SV, Joshi AP. Immunochemical
115 de la Hoz F, Polo F, Moscoso dPJ, Selles JG, investigation of allergens frorRhizopus nigricansAllergy

Lombardero M, Carreira J. Purification of\rt v |, a 1990; 45:577-86.

relevant allergen of Artemisia vulgaris pollen. Mol 130 Duffort OA, Carreira J, Nitti G, Polo F, Lombardero

Immunol 1990; 27:651-7. M. Studies on the biochemical structure of the major
116 Nilsen BM, Sletten K, Paulsen BS, O’Neill M, van cat allergen Felis domesticus | Mol Immunol 1991;

Halbeek H. Structural analysis of the glycoprotein allergen 28:301-9.

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044



1044 G. A. Stewart and P. J. Thompson

131 Morgenstern JP, Griffith 13, Brauer A\t al. Amino acid 141 Ansotegui 1J, Harfast B, Jeddi-Tehrani & al. Identifica-

sequence ofFel d I, the major allergen of the domestic tion of a new major allergen of 39 kilodaltons of the

cat: protein sequence analysis and cDNA cloning. Proc storage mite. Immunol Lett 1991; 29:229-34.

Natl Acad Sci USA 1991; 88:9690-4. 142 Holt PG, McMenamin C, Nelson D. Primary sensitization
132 Griffith 13, Craig S, Pollock &t al. Expression and genomic to inhalent allergens during infancy. Pediatr Allergy Immu-

structure of the genes encodifigl d I, the major allergen nol 1990; 1:3-13.

from the domestic cat. Gene 1992; 113:263-8. 143 Reidel F. Influence of adjuvant factors on development of

133 Karn RC. The mouse salivary androgen-binding protein allergy: evidence from animal experiments. Pediatr Allergy
(ABP) alpha subunit closely resembles chain 1 of the cat Immunol 1991; 2:1-5.

allergenFel d I. Biochem Genetics 1994; 32:271-7. 144 Herbert CA, King CM, Ring PGt al. Augmentation of

134 Yuuki T, Okumura Y, Ando Tet al. Cloning and sequencing permeability in the bronchial epithelium by the house dust
of cDNAs corresponding to major mite allergéver f II. mite allergen Der p 1. Am J Resp Cell Mol Biol 1995;
Jpn J Allergol 1990; 39:557-61. 12:369-78.

135 Chua KY, Doyle CR, Simpson Rt al Isolation of cDNA 145 Stewart GA, Boyd SM, Bird CHet al. Immunobiology of
coding for the major mite allergeBer p Il by IgE plaque the serine protease allergens from house dust mites. Am J
immunoassay. Int Arch Allergy Appl Immunol 1990; Ind Med 1994; 25:105-7.

91:118-23. 146 King CM, Thompson PJ, Stewart GA. Dust mite pro-

136 Tovey ER, Johnson MC, Roche AL, Cobon GS, Baldo teolytic allergens induce cytokine release from cultured
BA. Cloning and sequencing of a cDNA expressing a airway epithelium. ANZ J Med 1995; 25:411.
recombinant house dust mite protein that binds humanl47 Vrtala S, Grote M, Duchene Mt al Properties of tree and

IgE and corresponds to an important low molecular grass pollen allergens: reinvestigation of the linkage
weight allergen: published erratum appears in J Exp Med between solubility and allergenicity. Int Archs Allergy
1990; 171:187. J Exp Med 1989; 170:1457-62. Immunol 1993; 102:160-9.

137 Shen HD, Chua KY, Lin WL, Hsieh KH, Thomas WR. 148 Baraniuk JN, Bolick M, Esch R, Buckley CE. Quantifica-
Molecular cloning and immunological characterization of tion of pollen solute release using pollen grain column
the house dust mite allergen Der f 7. Clin Exp Allergy chromatography. Allergy 1992; 47:411-7.

1995; 25:1000-06. 149 Janeway CJ. The immune system evolved to discriminte

138 Thomas WR, Chua KY. The major mite allergen Der p 2 infectious nonself from noninfectious self. Immunology
— a secretion of the male mite reproductive tract? Clin Today 1992; 13:11-6.

Exp Allergy 1995; 25:667-9. 150 Lanzavecchia A. Receptor-mediated antigen uptake and its

139 van Hage-Hamsten M, Olsson S, Emilson & al. presentation to class ll-restricted T lymphocytes. Ann Rev
Localization of major allergens in the dust mite Immunol 1990; 8:773-93.

Lepidoglyphus destructorwith confocal laser scanning 151 Manca F, Fenoglio D, Pira GL, Kunkl A, Celada F. Effect
microscopy. Clin Exp Allergy 1995; 25:536-42. of antigen/antibody ratio on macrophage uptake,

140 Aki T, Ono K, Paik S-Yet al. Cloning and characteriza- processing, and presenation to T cells of antigen
tion of cDNA coding for a new allergen from the house complexed with polyclonal antibodies. J Exp Med 1991;
dust mite, Dermatophagoides farinaelnt Arch Allergy 173:37-48.

Immunol 1994; 103:349-56.

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 1020-1044



