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Plant-food and seafood allergens —

an overview

Many plant-food allergens belong to one of the 11
classes of pathogenesis-related (PR proteins such
as chitinascs of avocado and banana, the antifungal
fhaumatin-like and osmotin-like proteins of cher-
ries and bell peppers, and Bet v 1 homologues of
vegetables and fruits (1). Seed storage proteins and
amylase- and protease-inhibitors are the predomi-
nant allergens of mustard seeds and seeds of cereal
grasses. Less biochemical variety is found among
the allergens of animal foods, where muscle
proteins such as tropomyosins and parvalbumins
constitute the most important allergens for adult
atopics. This overview focuses on allergens from
plants listed according to their established taxo-
nomic order and seafood allergens that have been
cloned or N-terminally sequenced.

Allergens in foods derived from plant
sources

Magnoliatae (Dicotyledoneae)
Magnoliidae — Magnoliales — Lauraceae

Avocado (Persea americana): Prs a I. The major
avocado allergen Prs a 1 is a class-I basic endochi-
tinase which contains a cysteine-rich N-terminal
domain with chitin-binding properties (2). Prs a 1
belongs to the PR-3 proteins that are associated
with deterrence and antimicrobial activity.

Magnoliidae — Piperales — Piperaceae

Penper (Piner niorim). Birch-nollen and muowort-
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mediated hypersensitivity to celery and spices. The
N-terminal 23 amino-acid residues of a 28-kDa
major pepper allergen are 58% identical to the N-
terminus of a mature wheat germin. This protein
belongs to the germin (oxalate-oxidase) family and
may play a role in altering the properties of cell
walls during germinative growth (3).

Hamamelididae — Fagales — Betulaceae

Hazelnutr (Corylus avellana): Cor a 1. Individuals
allergic to pollen of early flowering trees are
frequently allergic to hazelnuts. The N-terminus of
the major hazelnut allergen is 72% identical to that
of the major hazel-pollen allergen Cor a 1 and belongs
to the conserved PR-10 class of Bet v 1 homologous
proteins (4). Bet v 1 homologues are present through-
out the plant kingdom and have been cloned from
more than 60 different plant species (5).

Dilleniidae — Cucurbitales — Caricaceae

Papaya (Carica papaya). Papain is a commercially
processed enzyme from the papaya fruit which is
widely used due to its catalytic capacity as a cysteine
protease. The presence of papain in meat tenderi-
zers justifies its characterization as a food allergen.
[gE directed against papain cross-reacts with other
proteinases such as actinidin, bromelain. and ficin (6).

Dilleniidae — Capparales — Brassicaceae

Yellow mustard (Sinapis atba): Sin ¢ 7. Sin a 1.
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storage protein that belongs to the 2S albumin
family. It is composed of two disulfide-bonded
polypeptide chains. Sin a 1 possesses a high resist-
ance to trypsin digestion (7).

Oriental mustard (Brassica juncea): Bra j 1. Braj
1, the major allergen from oriental-mustard seeds,
consists of two chains linked by disulfide bonds.
[ts amino-acid sequence is related to that of Sin
al(8).

Rosidae ~ Rosales — Rosaceae

Apple (Malus domestica): Mal d 1. Patients suf-

fering from type I allergy caused by birch pollen

frequently demonstrate an intolerance of apples.
Mal d 1. the major allergen of apple, is 64.5%
identical to Bet v 1a (5). The N-terminal sequence
of a 31-kDa protein, another major allergen of
apple, shares 46% identity with sequences of pro-
teins of the PR-5 family from wheat (Irimatin), oat
(avematin), and barley (thaumatin-like protein)
(9). Thaumatin-like proteins may function as
trypsin/a-amylase inhibitors against herbivorous
insects or may exhibit antifungal properties.

Cherry (Prunus avium): Prua I, Prua 2.  Some
patients with tree pollinosis report allergic reac-
tions after the ingestion of cherries. The major
cross-reactive allergen Pru a 1 is a Bet v 1 homo-
logue (10). Pru a 2, another major allergen from
the sweet cherry, is a 23.3-kDa thaumatin-like
protein and a member of the PR-S family of
proteins (11). It may play a role in protecting the
fruit against microbial pathogen attacks.

Rosidae — Fabales — Fabaceae

Peanut (Arachis hypogaea): Ara h 1, Ara h 2.
Peanut allergy is a significant health problem
because of the prevalence and potential severity of
the allergic reaction. Ara h 1, a major peanut
allergen, shows significant similarities to the vicilin
secd storage protein family (12). Ara h 2, another
major peanut allergen, has a molecular weight of
17.5 kDa and is homologous to the conglutinin
family of seed storage proteins (12).

Soybean (Glycine max): Gly m Bd 30 K. The aller-
gen Gly m Bd 30K is a seed oil-body-associated
protein and shows homology to papain-like thiol
proteinases (13).

Rosidae — Araliales — Apiaceae

Mugwort- and birch-pollen-allereic patients renre-

to plant foods derived from members of the
Apiaceae.

Celery (Apium graveolens): Api gl Api g 1, a
Bet v 1 homologue and the major allergen from
celery tuber, was cloned, expressed, and compared
to Bet v 1 (5). Incubation of serum pools with
recombinant Api g 1 did not block IgE-binding to
natural Bet v 1. In contrast, recombinant Bet v |
was able to inhibit [gE-binding to the natural celery
allergen.

FParsley (Petroselinum crispum). The administra-
tion of a cell-wall preparation from the fungus
Phytophtora megasperma f. sp. glycinea to cell
suspension cultures of parsley resulted in rapid and
dramatic increase of mRNAs coding for pcPR1 and
PcPR2 (5). These PR-10 family members represent
the conserved Bet v 1 homologues in parsley and
were able to bind IgE from a serum pool of birch-
pollen-allergic patients (14).

Carrot (Daucus carota): Dau ¢ 1. CR16, the Bet v
1 homologous protein in carrot, is a major root
protein and a member of the PR-5 family of
proteins (15). Several of these Bet v 1 homologues
of carrot were expressed in E. coli. Their ability to
bind IgE from birch-pollen-allergic individuals
justifies their designation as Dau ¢ 1 allergens
(Hoffmann-Sommergruber K, unpublished).

Asteridae - Tubiflorae — Solanaceae

FPotato (Solanum tuberosum). Potato  pSTH-
related transcripts were found to be rapidly
induced by slicing tubers as well as by the treatment
of leaves with Phytophtora infestans mycelial
homogenate (5). The proteins encoded by the
pSTH genes are the potato homologues of Bet v 1
and are recognized by IgE from sera of birch-
pollen-allergic patients (14).

Bell pepper (Capsicum annuum). The N-terminus
of a 23-kDa allergen from bell peppers is identical
to the corresponding region of the tomato P23 PR-
protein, an osmotin-like antifungal protein (3). Bet
v 1 and Bet v 2 homologues are also expressed in
bell pepper fruits. Bell pepper profilins represent
predominant allergens in different horticultural
strains (3).

Liliatae (Monocotyledoneae)

Liliidae — Zingiberales — Musaceae

Ranmvn (NMiicn maradicinan) Damc o e 1



and are included in the latex-fruit syndrome. The
N-terminal amino-acid sequence of a 33-kDa
banana protein which bound IgE from latex-aller-
gic patients’ sera shows high similarities to class-I
plant endochitinases (16).

Commelinidae — Poales — Poaceae

Rice (Oryza sativa): Ory s I. A ¢cDNA clone of
rice major allergenic protein was isolated from a
cDNA library of maturing rice seeds. The mature
protein of 14.8 kDa shows considerable similarities
to the barley trypsin inhibitor and the wheat o-
amylase inhibitor (12).

Wheat (Triticum aestivum). Wheat is one of the
few major foods that account for allergic reactions
in children. James et al. identified a 15-kDa wheat
protein that bound IgE from sera of children with
wheat allergy (17). The N-terminal 20 amino-acid
sequence was identical to that of the wheat o-
amylase inhibitor, which is a member of the cereal
a-amylase/trypsin inhibitor family found in wheat
endosperm.

Barley (Hordeum vulgare): Hor v 1. A 14.5-kDa
barley endosperm protein that is a major allergen
has been identified as a member of the multigene
family of inhibitors of a-amylase/trypsin from
cereals. A cDNA encoding this allergen has been
isolated and characterized (18).

Allergens in seafood

Shrimp (Penaeus and Metapenaeus spp.): Pen a 1,
Penil Metel

The P, aztecus allergen Pen a 1 from shrimp meat
has significant sequence similarities to the muscle
protein tropomyosin from various animal species
(12). Pen i 1, the major allergen of P indicus
shrimps, was shown to be a 34-kDa heat-stable
protein with 86% similarity to tropomyosin from
D. melanogaster (12). Met ¢ 1, the major heat-
stable allergen of the M. ensis shrimps, codes for a
protein of 34 kDa highly homologous to tropo-
myosins (12).

Codfish (Gadus callarias): Gad ¢ 1. The allergen
Gad ¢ 1 of cod is a 12.3-kDa muscle protein
belonging to the family of calcium-binding par-
valbumins. A molecular arrangement of three
domains was described, analogous to carp par-
valbumin (12).

Food allergens

its allergenicity confirmed. Sal s 1 was shown to be
the major allergen of Atlantic salmon with sera
from patients with cod and salmon allergy. Sal s 1
has been cloned (19).

Squid (Todarodes pacificus): Tod p 1. The major
allergen from the Pacific flying squid, Tod p 1, is a
38-kDa, heat-stable protein and is believed to be
the squid muscle protein tropomyosin. Cross-reac-
tivity between major squid and shrimp allergens
was demonstrated (20).

Abalone (Haliotis midae): Hal m 1.  Two major
allergens of the gastropod H. midae with molecular
weights of 38 and 49 kDa were identified. The 49-
kDa IgE-binding muscle protein was named Hal m
1 (21). Abalone allergens are heat-stable proteins.

Conclusion

Sorting allergens into groups such as PR proteins,
chitinases, seed storage proteins, or tropomyosins
will help us to understand cross-reactivities bet-
ween different foods, will simplify diagnosis of food
allergies, and may stimulate original research on
their development.
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