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Abstract 
Several protein families that contribute to the defence mechanisms of food plants have members which are allergens or putative allergens. Cross- 
reactivity between pollens, fruit and vegetables relies upon pan-allergens: pathogenesis-related (PR) proteins, profilins and enzymes with the same 
functional activity. A number of plant-derived allergens and PR-like proteins found in various species all over the plant kingdom are homologous 
proteins responsible for cross reactivities between different allergen sources. A considerable percentage of identified plant allergens can be grouped 
to the families 2, 3, 4, 5, 8, 10 and 14 of pathogenesis-related proteins. Characteristics of these PR groups are reviewed in this paper. 
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Introduction 
Almost 20% of people in western populations suffer from 
IgE-mediated allergies, and individuals with familial atopic 
background are susceptible to development of allergic reactions 
to food and/or environmental allergens115. The prevalescence of 
food allergy has been considered to be between 2 and 8% for 
infants and children, decreasing to 1% for the adult population107. 
However, of the individuals suffering from atopic dermatitis, 
approximately 20% of the children and 10% of the adults experience 
clinically significant food allergies73. 
  The main sources containing allergens are plants, mites, fungal 
spores and insects. Plant-derived allergens may either be taken in 
from the upper respiratory tract or they are present in a vast range 
of plant food causing food allergic reactions41. Inhalative plant 
allergens present predominantly in pollen, spores, and plant- 
derived products like cosmetics and rubber articles may cause 
rhinoconjunctivitis, asthma, edema, urticaria and anaphylaxis. 
Plant food allergens can cause symptoms ranging from pruritus, 
swelling of lips, tongue and soft palate, often accompanied by 
mild laryngeal symptoms as a sensation  of tightness, itching, 
cough and pruritus of the ear canals to gastrointestinal symptoms, 
rhinitis, asthma, cutaneous reactions and most severe systemic 
anaphylaxis41. 
   Antigens able to elicit the production of IgE antibodies are called 
allergens. During the last ten years, identification and purification 
of allergens have been important for structural and immunological 
studies in order to discover how these molecules stimulate IgE 
antibody production107. The primary structure of some 200 
allergens is known; however, only a relatively small number of 
plant food allergens have been characterized. Allergens are 
designated according to the accepted taxonomic name. The first 
three letters describe the genus, followed by the first letter of the 
species and an Arabic number assigned in the order of the 
identification. Most of the known plant food allergens are storage 

proteins (soybean, peanuts) and proteinase inhibitors (wheat, rice, 
soybean) that are present in large amounts in these foods63. In 
addition, a number of pathogenesis-related (PR) proteins occurring 
in fresh fruits and vegetables (apple Mal d 1, celery Api g 1) 
function as food allergens6. 
   Allergens tend to be ovoid in shape and structural motifs are 
important for allergenicity 47. The protein structure of an allergen 
can be described at different levels known as primary (amino acid 
sequence), secondary, tertiary and quaternary structures13. From 
the immunological point of view, most important are the structures 
defined as epitopes (antigenic determinants), through which 
allergens are recognized by the T- and B-cells. B-cell epitopes are 
considered to be discontinuous, conformational epitopes, and 
T-cell epitopes “linear” continuous epitopes 63. The term “cross- 
reactive B-cell epitope” is used when the antibodies are able to 
recognize similar structures in at least two different antigens. This 
may occur, for instance, between botanically related species or 
between conserved proteins having sequence similarity. 
IgE-binding to cross-reactive carbohydrate determinants (CCDs) 
between structurally unrelated and glycosylated allergens has 
become an important issue1. 
   Oligosaccharides are added to many proteins during or shortly 
after their synthesis in the endoplasmic reticulum. Glycosylation 
involves the covalent attachment of oligosaccharides either to 
asparagine (N-linked) or to serine/threonine (O-linked) amino acid 
residues within the primary amino acid sequence 47. The α(1,3)- 
fucosylation and β(1,2)-xylosylation of N-glycan core structures 
are typical for plant-glycoproteins but are not found im mammals. 
Both the α(1,3)-fucose and β(1,2)-xylose units have been found 
partly responsible for the immunogenicity of plant-glycoproteins 
in mammals 32, 128. 
  Because the ability of food allergens to reach the intestinal 
mucosa is prerequisite to allergenicity, the stability of an allergen 
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has become an important parameter in distinguishing food 
allergens from “nonallergens” 3. Most known plant food allergens 
(soybeans, peanuts) are stable molecules that resist the effects of 
food processing and digestive processes, and remain 
immunologically active through the intestinal tract 55. Most food 
allergens appear to be 10 to 70 kDa water-soluble glycoproteins 
relatively resistant to acids and proteases 63, 73, 94. 
   Plant proteinase inhibitors are widely distributed in nature and 
are present in many common food e.g. legumes, cereal grains, 
potatoes, and other tubers 65. Proteinase inhibitors, such as 
Kunitz-type soybean trypsin inhibitor (KSTI) 83 and α-amylase 
trypsin inhibitors in rice and wheat are food allergens 74. Proteinase 
inhibitors are extremely stable molecules being involved in 
interfering with the digestion of food proteins in the gut 3, 65. Potato 
tuber is by nature a rich source of proteinase inhibitors whose 
primary role is in defending the host pathogen attacks 61. 
   Hypersensitivity reactions against raw fruits and vegetables 
have been associated with individuals suffering from pollinosis, 
and the immunological basis for these reactions has been 
considered to be IgE-mediated cross-reactivity 6. Particularly, birch 
pollen-allergic individuals are known to experience 
hypersensitivity reactions when handling raw potatoes 21, 38, 94, 
and heat-labile proteins in the sap of potato were responsible for 
these reactions 38, 59, 85, 90. Also cooked potato could cause atopic 
eczema in infants suffering from atopic dermatitis 37. Wahl et al.124 
detected IgE-binding to potato proteins ranging from 16 to 65 kDa 
in size. Protein homologues of the birch (Betula verrucosa) pollen 
allergens Bet v 1 8 and Bet v 2 114 in fruits and vegetables have 
been suggested to be responsible for hypersensitivity to potato 
in patients suffering from birch pollen allergy 6, 24. 
   The most frequent clinical syndrome caused by cross-reactive 
IgE antibodies is the oral allergy syndrome (OAS), an association 
of food allergies to fruits, nuts and vegetables in patients with 
pollen allergy. In the majority of the pollen allergic individuals 
suffering from OAS, it is caused by IgE cross-reactivity of Bet v 1 
and its homologous proteins. About 90% of birch pollen allergic 
patients react with this major pollen allergen and they frequently 
display crossreactivity to pollen from related trees like alder, hazel, 
hornbeam, beach and European chestnut 92. 
   Pollen allergens interact with the human immunal system and 
the resulting IgE antibodies provide specific probes for their 
identification and characterisation. Grass allergenic proteins are 
expressed late in pollen development coincident with the laying 
down reserves 56. Sequence similarity of allergens has indicated 
possible functions for some allergens. The major birch (Betula 
verrucosa, B. pendula) pollen allergen shows similarity with 
pathogen-related proteins, which form a secondary response in 
plant host-pathogen interactions and show anti-microbial activity. 
Some allergens of unknown function are cysteine-rich proteins, 
while some others have cysteine-rich regions; for example, the 
major allergen from rye-grass (Lolium perenne) pollen, Lol p 1, 
has a cysteine-rich N-terminal region, while at the C-terminal region 
four tryptophan residues together with tyrosine and phenylalanine 
residues resemble those of cellulose- or sugar-binding domains 
of other proteins. Several pollen allergens show sequence similarity 
to cell wall-associated enzymes, while others show hydrolytic 
enzyme activity often associated with cell walls. 
   Profilin is a small (12-15 kDa) actin- and phospholipid-binding 
protein that interacts with at least three different ligands. 

Previously profilin was known only from studies on animals and 
lower eukaryotes but recently identified as a birch pollen 
allergen105. The role of profilin in the cell is perhaps due to 
interactions with polyphosphoinositides and proline-rich proteins, 
or due to the ability to lower the critical concentration for actin 
assembly at the fast-growing barbed end of actin filaments 33. 
Three members of the profilin multigene family from maize were 
identified and cDNAs were utilized in a tissue-specific manner 
and were anther or pollen specific 105. Profilin is an actin-binding 
protein in higher plants. Tobacco profilin was detected in different 
somatic tissues, but the expression was 50-100-fold higher in 
mature pollen 77. Profilin is a G-actin monomer-binding  protein 
which has been shown to participate in actin-based tip-growth of 
animal cells. The abundance of profilin in pollen and its occurrence 
in several vegetable foods raises the question of the role of profilin 
in plants. Profilin was present in most if not all parts of the tomato 
plant 17. Many food plants contain proteins with high homology 
to the birch pollen allergens Bet v 1 and Bet v 2 (birch profilin) 24. 
Two classes of functionally distinct profilin isoforms in maize were 
found which were dependent on the concentration of free 
calcium57. Possibly profilin alters cellular concentrations of actin 
polymers in response to fluctuations in cytosolic calcium 
concentration. 
    A homologue of the major birch pollen allergen Bet v 1 was 
detected in four of eight bell pepper cultivars 51,52. A 23-kD allergen 
of bell peppers was shown to correspond to the 23-kD major 
paprika allergen. Its N-terminal sequence showed 100% identity 
to P23 from tomatoes. The appearance of profilin in all and Bet v 1 
in 50% of the tested cultivars indicates that bell peppers have to 
considered potentially dangerous for Bet v 1- and profilin- 
sensitized patients. Moreover, in four of eight bell pepper cultivars 
a homologue of the osmotin-like protein P23 from tomatoes is 
responsible for substantial IgE binding. Contact with Bet v 1 and 
P23 homologues in bell peppers can therefore be minimized by 
avoidance of the respective cultivars. 
   The amino acid sequences of two ribonucleases from a callus 
cell culture of Panax ginseng (Panax pseudoginseng) differed at 
26% of the amino acid positions 82. Homology was found with a 
large family of intracellular pathogenesis-related proteins, food 
allergens and tree pollen allergens from both dicotyledonous and 
monocotyledonous plant species. There is about 30% sequence 
difference with proteins from species belonging to the same plant 
order (Apiales: parsley and celery), 60% with those from four 
other dicotyledonous plant orders and about 70% from that of the 
monocotyledonous asparagus. High antigenic and allergenic 
activity in native celery was reduced by thermal processing 50. 
The heat-stability of the known celery allergens decreased in the 
following order: carbohydrate epitopes> profilin> Api g 1. The 
allergenicity was only mildly reduced by non-thermal processing. 
   A number of plant-derived allergens and PR-like proteins can be 
found in various species all over the plant kingdom. These 
homologous proteins are responsible for cross reactivities between 
different allergen sources and represent at least in part the 
molecular basis for syndromes such as the ‘pollen-related food 
syndrome’, ‘latex-fruit syndrome’, or the ‘birch-mugwort-celery- 
spice syndrome’. Therefore, all new insights in the plant cell 
metabolism and the defence-related strategies plants have 
developed may contribute to a better understanding for the 
existence of allergy syndromes. 
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Pathogenesis-Related Proteins 
 A considerable percentage of identified plant allergens can be 
grouped to the families of pathogenesis-related proteins (PR) 
based on sequence characteristics 120, 133. Plant-derived allergens 
have been identified with sequence similarity to PR families 2, 3, 4, 
5, 8, 10 and 14. For individual allergens like Pers a 1 and Mal d 1, a 
PR-inducible expression and function has already been shown 41. 
  The common biochemical features of PR proteins are low 
molecular weight (5-70 kD), stability at low pH and  resistance to 
proteases120, 133. These features are of use for plant proteins during 
pathogen attack and stress conditions, while the plant metabolism 
is trying to cope with unwanted situations. On the other hand, 
those proteins, which remain stable and are easily soluble, 
represent good candidates evoking an immune response in 
humans, once coming into contact with mucosal surfaces. Since 
they are usually protease-resistant they can produce immune 
responses in the intestinal tract. 
   Since plants lack an immune system, they have to protect 
themselves against pathogen attack as well as against 
phytophagous insects by different strategies. Besides, 
establishing a physical barrier by strengthtening their cell walls, 
plants produce antibiotic compounds called phytoalexins and 
accelerate cell death to suppress the spread of infectious 
pathogens. Furthermore, a number of proteins is encoded by the 
host and induced by various types of pathogens (viruses, bacteria 
and fungi) or by chemicals such as ethylene and salicylic acid, 
mimicking the effect of pathogen infection and thus inducing 
stress. 
   Especially, fruits and vegetables with high water content and 
possibly sweet tasting (such as cherries, avocados and bananas) 
are very likely to be attach by either phytophagous insects or 
fungi. In these fruits and plant organs, proteases and antifungal 
proteins are present in reasonable amounts and represent an 
allergenic potential. Roots and floral tissues and leaves are also 
known to contain a certain amount of  PR proteins. Homologous 
PR proteins are grouped into small multigene families in various 
plant species. The broad range of stress factors inducing PR protein 
expression and the constitutive expression in certain stages points 
to a more general function of various PR proteins within the plant 
than strictly pathogen-related. PR proteins could be part of general 
recognition processes and contribute and/or are part of a signal 
transduction cascade 72. 
   The term PR proteins now comprises very different plant proteins 
such as chitinases, glucanases, endoproteinases, peroxidases, as 
well as small proteins like defensins, thionins and lipid transfer 
proteins. Some of the PR proteins are not only induced de novo 
upon pathogen attack or wounding or other physical or chemical 
stress, but they are constitutively expressed in some organs or 
during developmental stages. In strict terms these forms are not 
PR proteins themselves but are designated PR-like. Usually, the 
acidic forms of PR protein families are secreted to the extracellular 
space, the basic forms are  transported to the vacuole by a signal 
located at the C-terminus. Induction of gene expression during 
pathogen infection takes place by various signalling molecules 
like salicylic acid and reactive oxygen species, which mediate the 
expression of acidic PR genes 41. Expression of basic PR genes is 
mediated by gaseous phytohormone ethylene and methyl 
jasmonate 129.  A number of protein factors like kinase and 
DNA-binding protein, regulating the expression of these genes, 

have been identified in recent years. Basic PR genes have been 
found to be expressed constitutively in some organs, including 
roots, parts of seedlings and cultured cells. 

   After virus infection, and most probably also when 
ethylene production is stimulated by chemicals, ethylene is the 
physiological inducer of PR proteins. The induction of PR proteins 
by benzoic acid, and particularly by its more effective derivative 
salicylic acid must then be explained by assuming that stimulated 
ethylene production triggers the synthesis of a presumably 
aromatic compound that mimics the action of salicylic acid 118. 
Ethylene is known to stimulate aromatic biosynthesis in several 
plant species, including tobacco, and during the hypersensitive 
reaction of tobacco to tobacco mosaic virus TMV extensive 
changes in phenol metabolism have been observed 62. Induction 
of PR proteins by ethephon or salicylic acid in tobacco is inhibited 
by cycloheximide or D-2-(4-methyl-2,6-dinitroanilino)-N- 
methylpropionamide, both inhibitors of protein synthesis in 
chloroplasts and mitochondria 117. 

   Cytoplasmic protein synthesis is 
necessary for appearance of PR protein. PR proteins clearly differ 
from heat-shock proteins, which are rapidly synthesized upon a 
raise in temperature but subsequently disappear when adaptation 
has occurred 97. The expression of PR proteins is controlled at the 
level of translation. A substantial increase in ethylene production 
apparently initiates a series of events which make the mRNAs 
available for translation 117. The largest part of the PR proteins is 
present in the intercellular spaces and it is difficult to envisage 
how those could be effective in reducing multiplication and spread 
of viruses present within the cells. Perhaps only the tiny fraction 
inside the protoplast is active. 

PR Protein Families which Include Allergens 
PR-2  βββββ-1,3-glucanases:  The PR-2 family comprises monomeric 
β-1,3-glucanases (glucan endo-1,3-β-glucosidases) with a 
molecular mass of 25-35 kD. These enzymes catalyse endo-type 
hydrolytic cleavage of the 1,3-β-D-glucosidic linkages in 
β-1,3-glucans, the abundant component of plant cell walls. The 
β-1,3-glucanases are highly regulated enzymes, especially in seed- 
plant species 44. These enzymes are thought to play a role in 
response of plants to microbial pathogens, and are implicated in a 
number of physiological and developmental processes in 
uninfected plants, like pollen germination and tube growth, 
fertilisation, fruit ripening, seed germination, mobilisation of storage 
products in the endosperm of cereal grains and represent a 
response to wounding, cold, ozone and UV-B 64. 
  PR-2 proteins are grouped into three classes by differences in 
size, isoelectric point, primary structure, cellular localisation and 
pattern of expression. Class I enzymes (size approximately 33 kD) 
are known from tobacco, tomato, potato and other plant species 
64. The intracellular enzymes are basic proteins localised in the 
vacuoles, translated as a preprotein consisting of a N-terminal 
signal peptide and a C-terminal extension N-glycosylated at a 
single site. The acidic members of class II and III (34-36 kD) are 
secreted into the extracellular space. During seed germination the 
embryo has to overcome the physical barrier by disrupting the 
covering layers. β-1,3-glucanases have been shown to be induced 
during tobacco seed germination and there is evidence that 
ethylene induces the glucanase expression 64. The ethylene 
responsive element present in class I glucanase and class I 
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chitinase seems to play a major role in the regulation and function 
of these two class I enzymes 87. 
    In grapevine leaves, the less agressive Botrytis cinerea strain, 
T4, enhanced the accumulation of many defence products 
including secondary metabolites and the PR-proteins, chitinase 
and β-1,3-glucanase 18. Secondary metabolites were formed in cells 
around a small group of dead cells. The more aggressive strain, 
T8, had larger necrotic spots, no secondary metabolite 
biosynthesis and accumulations of chitinases and 
β-1,3-glucanases that were more delayed, yet only slightly weaker. 
   Allergens with sequence similarity to β-1,3-glucanases have been 
identified. Complementary DNA coding for basic β-1,3-glucanase 
isolated from the latex of the tropical rubber tree Hevea brasiliensis 
has been sequenced and characterised as Hev b 2, a relevant latex 
allergen 109. The association between Hevea latex allergy and 
hypersensitivity to foods, especially avocado, banana, chestnut, 
fig and kiwi has been termed latex-fruit syndrome5. 
Phylogenetically conserved, homologous proteins present in 
these fruits and vegetables are responsible for the cross-reactivity. 
The basic β-1,3-glucanases from Hevea latex are recognised by 
specific IgE from food allergic patients suffering from 
hypersensitivity to banana, potato and tomato, rather than to 
latex products. The amount of β-1,3-glucanase expression 
increases significantly in banana fruit during ripening 12 thus 
possibly increasing the risk of developing allergic symptoms by 
reactive atopic patients. 

PR-3 Chitinases (Class I, II, IV): Plant chitinases are mostly 
endochitinases which hydrolyse chitin within the biopolymer. They 
are usually monomers of 25-35 kD. Chitinases produce 
2-6 N-acetyl-glucosamine units and they frequently also possess 
lysozyme activity hydrolysing the β-1,4-linkages between the N- 
acetyl, uramic acid and the N-acetyl glucosamine. Chitin is the 
major component of the exoskeleton of insects as well as of the 
cell wall of most fungi and nematodes. Related substrates are the 
bacterial peptidoglycan and chitosan 15. The PR-3 family comprises 
chitinases class I, II and IV. Chitinases from class I are found in 
PR-4 and PR-11 and chitinases from class III are related to PR-4. In 
general, the basic isoforms are vacuolar and antifungal, whereas 
the acidic ones are extracellular with little antifungal activity. The 
intracellular localisation depends on the presence of a C-terminal 
vacuolar targeting propeptide 86. 
   Class I chitinases contain a cysteine-rich 40 amino acid residue 
domain at the N-terminus, the chitin-binding hevein domain, a 
hypervariable domain, which is a proline-rich region, and a catalytic 
domain. A signal peptide is removed from the mature protein and 
a target sequence directing the protein to the vacuole is located at 
the C-terminus. The hevein domain is not a targeting signal and 
does not play a role in the catalytic activity of chitinases, yet its 
presence seems to be essential for chitin binding and for substrate 
affinity. Possibly the chitin-binding domain is helping to attach 
the catalytic domain onto the substrate and thus strongly improve 
the enzymatic cleavage of the polymer 41. 
   Class II chitinases lack the hevein domain and the vacuolar 
target sequence. They are acidic, extracellular enzymes. Class II 
enzymes display 60-65% sequence similarities to class I chitinases. 
Class II chitinases may release elicitors and thus induce antifungal 
activity in living plant cells rather than killing the invading fungus, 
a function that has already been postulated for β-1,3-glucanases 
class II. 

   Class IV chitinases are related to class I and class II enzymes by 
sequence similarities, yet there are a number of deletions, especially 
in the hevein region. Class V and VI representatives display either 
two chitin binding domains arranged tandemly or present one 
truncated chitin binding domain. Chitinases have been shown to 
exert an antifungal activity in vitro 108. 
   Chitinases are developmentally regulated in several tissues like 
flowers, roots and lower leaves from tobacco and Arabidopsis 68, 
93. Furthermore, chitinase activity is induced by various factors 
like pathogen and pest attack, treatment with elicitors, abiotic 
factors like heavy metals and plant hormones. Higher enzyme 
activity, protein and mRNA levels of chitinases have been reported 
in resistant cultivars, compared to susceptible cultivars. A number 
of transgenic plants have already been produced in order to 
improve fungus resistance in crops 35. 
   Relevant allergens of chestnut and avocado have been identified 
by N-terminal amino acid sequences and cDNA cloning as class I 
chitinases containing such hevein (chitin binding) domains 19. 
Class I chitinases with hevein-like domains, but not class II 
enzymes, are relevant chestnut and avocado allergens. Two major 
IgE-binding proteins of 32 and 34 kD from banana were identified 
as class I chitinases with hevein-like domain further explaining 
the cross-sensitization between Hevea latex and fruits 95. 

PR-4 Chitinases: Prohevein is a chitin-binding protein from the 
rubber tree. Hevein has sequence similarity for chitin-binding 
proteins, whereas the C-terminus is homologous to wound- 
inducible proteins. From potato, wound-inducible proteins isolated 
have designated win1 and win2 with high sequence similarity to 
prohevein 106. Among the PR-4 proteins, class II chitinases have 
been identified from tobacco and tomato with sequence similarity 
to win proteins, yet lacking the chitin-binding domain 31, 66. 
   Wounding and chemical treatment of turnip (Brassica rapa) 
plants induced the expression of an 18.7 kD protein with allergenic 
characteristics, that was recognised by IgE of natural rubber latex 
allergic individuals 48. Peptide sequences of the turnip allergen 
revealed 70% identity to prohevein, and high similarities to 
wound-induced proteins from tomato (74%) and potato (71%). 
  A ‘chimeric’ hevein-like chitin-binding protein, SN-HLPf, 
homologous to PR-4 and class V chitinase (PR family 11) genes, 
displaying a hevein-like N-terminus and a C-terminus related to 
chitinases was isolated from mature elderberry (Sambucus nigra) 
fruits 116 . The protein is accumulated in elderberry fruits and 
displays a rather weak antifungal activity, but a distinct 
chitin-binding activity. 
   Prohevein is a major allergen from Hevea latex designed Hev b 
6.01. Furthermore, its N-terminal domain represents allergen Hev 
b 6.02 (hevein) and the carboxyterminal domain Hev b 6.03. 
Possibly due to the sequence similarities to proteins with allergenic 
properties from the PR-3 and PR-4 family present in plant derived 
food, the prevalence of latex-allergic patients to develop food 
allergies to a number of fruits and vegetables can be explained. 

PR-5 Thaumatin-like proteins (TLPs):  Members of this PR group 
originally described from tobacco were induced upon infection of 
tobacco mosaic virus 119. These proteins were isolated from acidic 
extracts from leaves. Their sequence is similar to the intensely 
sweet tasting protein thaumatin, originating from the African shrub 
Thaumatococcus daniellii. PR-5 proteins are designated 
thaumatin-like proteins, although none of the other proteins has 
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been described to have a sweet taste. Osmotin from tomato and 
another tobacco protein, NP24, both accumulated after osmotic 
stress, are also homologous to thaumatin. TLPs have been 
detected in leaves of young plants, but they rapidly accumulate 
to high levels upon biotic or abiotic stress. Especially in roots, 
epidermal peel, and corolla from tobacco plants high mRNA levels 
coding for osmotin have been identified 60. 
   TLPs are developmentally expressed in high levels in flower 
buds of Brassica and overripe fruits of cherries 11, 29. According to 
their molecular mass, TLPs are grouped into two sections: one 
group of proteins has a size ranging from 22 to 26 kD whereas the 
other group comprises  proteins of 16 kD due to an internal deletion 
of 58 amino acids. There are acidic, basic and neutral TLPs. 
   Zeamatin does not have the sweet-taste but exerts an antifungal 
acitivity, whereas thaumatin, the sweet tasting protein, displays 
weak or no antifungal activity 70. Possibly PR-5 proteins are inserted 
directly into the fungal membrane forming a transmembrane pore 
and causing influx of water followed by osmotic rupture 91. 
Tobacco pathogenesis-related (PR) proteins of group 5, (PR-S 
and osmotin), serologically related to zeamatin, an antifungal 
protein of maize seeds 132, have a direct antifungal activity by a 
membrane permeabilization mechanism similar to that 
demonstrated for zeamatin with specificity for different fungal 
species. 
   Recently six TLPs from barley, tomato, cherry, and tobacco have 
been shown to exert a β-1,3-glucanase activity on polymeric 
glucan, thus proposing a new type of enzymes, thaumatin-like 
β-1,3-glucanases 34.Transgenic tobacco and potato plants 
overexpressing osmotin led enhanced resistance to Phytophtora 
infestans, the potato late blight pathogen 131. 
    In bell pepper, a 23-kD protein was identified as an important 
allergen 51, 52. The N-terminal sequence of this protein was found 
to be identical to a corresponding portion of the osmotin-like 
protein P23 from tomatoes. 
    An apparent 31 kD major apple allergen whose amino-terminal 
sequence shared 46% identity with PR-5 proteins was the first 
thaumatin-like protein described as an allergen Mal d 2 46. In sweet 
cherry (Prunus avium), a 23.3-kD thaumatin-like protein was 
identified as an important allergen, designated as Pru av 2 49. A 
29-kDa polypeptide is the most abundant soluble protein in ripe 
cherry (Prunus avium) fruit; accumulation begins at the onset of 
ripening as the fruit turns from yellow to red 29. The cherry 
thaumatin-like protein did not have a sweet taste and any antifungal 
acitivity. Expression of the protein was probably regulated at the 
gene level, with mRNA levels at their highest in the ripe fruit. 

PR-8 Chitinases (Class III): PR-8 proteins are chitinases of class 
III type originally described as lysozymes 4 and do not display 
any similarities to either class I or class II chitinase. One of the 
major latex  proteins, hevamine, displays lysozyme and chitinase 
activity. Hevamine, a 30-kD basic protein from the lutoids of Hevea 
latex has been identified as an allergen present in latex products. 
The cucumber chitinase is acidic, from tobacco an acidic and basic 
form is known 75. 

PR-10 Intracellular proteins with unknown enzymatic function: 
A large number of intracellular, possibly cytosolic proteins has 
been isolated from various species such as asparagus, parsley, 
bean, pea, potato and apple. Due to their sequence similarities 
and uniform size they have been grouped together into family 

PR-10. PR-10 proteins are not only directly involved in pathogen 
perception of defence but exert a more common function as a 
biochemical component in pathways switched on during 
generalised stress and/or during physiological changes in distinct 
developmental stages. 
   Pathogenesis-related proteins of the PR10 class found in many 
plant species are induced under various stress conditions and act 
as common allergens 102. PR-10 proteins have been identified from 
roots of Leguminosae after mite attack as well as in the early 
stages of interaction with microsymbiontic bacteria which are often 
considered as refined parasites 9. Proteins from ginseng have been 
shown to display ribonuclease activity 82. All these proteins are 
encoded by multiple genes, forming a monophyletic group and 
representing potential phylogenetic markers within or among 
closely related families in flowering plants 127. Most of the genes 
have been induced upon microbial attack, by fungal elicitors, 
wounding or stress stimuli. PR-10 type proteins are also expressed 
tissue-specifically during developmental stages. 
    Two PR10 proteins were present in yellow lupin (Lupinus luteus 
cv. Ventus), both 17 kDa proteins are composed of 156 amino 
acids and have 91% similarity 102. Identity to homologues from 
other plants ranged 46-82% similarity. The proteins were localised 
in the parenchymatous tissues of the root and senescent nodule, 
primary in the cortex, but were not found in nodule bacteroid 
tissue. Expression in aerial parts of the plant is generally lower 
and only one of the proteins is expressed constitutively in the 
stem, leaf and petiole, while the other is induced in senescent 
leaves. 
   The proteins of PR-10 family may appear in plants not only as 
the effect of pathogen attack or abiotic stress but also at some 
stages of development. Heavy metals are strong oxidants, leading 
to the formation of reactive forms of oxygen, such as free radicals, 
which may damage the cell metabolism. The level of free radicals 
influences in turn the activity of an antioxidant enzyme, superoxide 
dismutase (SOD) 96. PR-10 proteins might be involved in the 
programmed cells death, which occurs during the processes of 
senescence 14. Also antifreeze proteins in winter rye are similar to 
PR proteins 45. The hypothesis is that slight modifications of the 
amino acid composition happened during evolution enabled the 
originally pathogen-related proteins to gain an additional function 
in defence against abiotic stresses like freezing and excess heavy 
metals proteins 88. 
   The Bet v1 gene family of birch (Betula pendula) encodes the 
major pollen allergens as well as pathogenesis-related proteins 
that are induced by microbes in somatic tissues 111. Bet v 1 is a 
member of the PR-10 family, and its homologues form an ubiquitous 
group of proteins which have been identified in a wide range of 
flowering plants 127. A number of isoforms and homologous 
proteins from closely related species (alder, hazel and hornbeam) 
have been isolated previously and their cDNAs cloned and 
characterized 41. The exon-intron formation is highly conserved 
throughout this family of PR proteins in dicot plants and is also 
found in Aopr 1 (Asparagus officinalis), a monocot species. 
    A number of Bet v 1 homologous allergen sequences have been 
isolated and cloned from fruits, including Pru av 1 from sweet 
cherry, Pru ar 1 from apricot and Pyr c 1 from pear. From vegetables, 
allergen encoding cDNA-sequences are known from celery, Api g 
1 and from carrot, Dau c 1 7, 42. Additional Bet v 1- homologous 
proteins capable of binding anti-Bet v 1 IgE were described as 
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pcPR1 and pcPR2 from parsley and pSTH-2 and pSTH-21 from 
potato 43. Phylogenetic analysis suggested a possible common 
origin of the intron position in these homologous proteins at 
codon 62 in various families of flowering plants, including 
Fagaceae, Rosaceae and Apiaceae. This conserved ‘proto-splice 
site’ may point to a structure/function relationship. 
   Isoforms from Bet v 1 are inducible upon stress, pathogens and 
heavy metals.These PR proteins belong to a group of conserved 
intracellular defence-related proteins that have been termed 
‘ribonuclease-like’ PR proteins, on the basis of the partial sequence 
homology observed between PR1, a Bet v 1-homologue from 
parsley and a ginseng ribonuclease 111. It was shown that Bet v 1 
proteins possess an intrinsic ribonucleolytic activity as they can 
digest different RNA substrates in vitro, but show no activity on 
single or double-stranded DNA. 
   The root is of a fairly simple architechture consisting of epidermis, 
cortex, endodermis and stele and basic structure of the root tissue 
is fairly common in all species of plants. Extensins and P33, which 
are hydroxyproline-rich glycoproteins have been identified as cell 
wall proteins in roots and the transcripts increased markedly after 
wounding 113. A major root specific protein (CR16) of carrots has a 
high homology to intracellular pathogenesis-related proteins, 
stress-induced proteins and also the major allergen protein of 
celery (Api g 1) 130. The CR16 protein gene formed a super gene 
family and transcripts of this protein gene are predominant in root 
tissue, not in leaves or flowers. Three major proteins with a 
molecular mass of 41, 40 and 16 kD, each about 10% of the total 
protein, were found in extracts of mature roots cv. Kuroda-gosun. 
The protein concentration of root tissue was about ten to twenty- 
fold lower than in leaves, and stems. The 16 kD one was the only 
protein with root-specific expression pattern. The relative content 
increased as the carrot plants were developing to mature forms. 
Two 41 and 40 kD proteins, were found in leaves and stems as well 
as in roots. These two proteins in aerial parts are identical ones in 
roots but their contents were fairly constant through all stages of 
development. The content of the CR16 protein of root increased 
during development. Expression levels and patterns in three other 
cultivars Early Chantenay, Imperator and Nantes Scarlet were much 
the same as found in Kuroda-gosun. Various intracellular PR 
protein genes which are highly homologous to the CR16 
root-specific protein gene have been isolated from parsley, bean, 
potato and asparagus 16, 98, 103, 123, 126. The amino-terminal sequence 
of CR16 has high homology to parsley PR protein, strongly 
induced by viruses and pathogens103. No common features were 
found between the CR16 and other proteins found in carrot roots. 
A fructose-1,6 bis phosphate aldolase81, carotenoprotein10, DcDrP1 
protein22, and 6-hydroxymellein synthetase58 have been isolated 
and contents of these proteins in carrot roots were reported to be 
relatively high. 
   Pathogen infection induces many intracellular PR proteins with 
a high homology to CR16 proteins. In potato tuber, the defense- 
related STH-2 protein is rapidly induced by infection of 
Phytophtora infestans zoospores16. The Asparagus officinalis 
intracellular PR1 (AoPR1)  gene is also expressed in response to 
pathogen attack 126. Elicitor treatments also induce intracellular 
PR proteins with high homology to CR16 proteins in peas, beans 
and soybeans 123. Cellular signal compounds such as arachidonic 
acid and salicylic acid induced PR10 (formerly STH2)71 and AoPR1 
gene expression 125, respectively. Furthermore, the chemically 

synthesized compounds, probenazole (3-allyloxy-1,2- 
benzisothiazole-1,1-dioxide)76 2,6-dichloroisonicotinic acid and 
benzo (1,2,3)thiadiazole-7-carbothioic acid  S-methyl ester (BHT)36 
also induced acquired disease resistance in plants and one of the 
probenazole induced proteins was identified as intracellular PR 
protein. These agrochemicals induce resistance to disease in a 
variety of plants including monocot and dicot, suggesting that a 
common signal pathway for establishment of the disease resistance 
is evolutionaly conserved. These signal compounds might also 
function as cellular signals for enhanced gene expression of CR16 
protein gene. The major pollen allergen Bet v  1 is highly 
homologous to CR16 protein. 
   Mal d 1, a PR-10 protein from apple is constitutively expressed 
in ripe apples as well as in old leaves. Pathogen attack, abiotic 
stress factors as well as fungal elicitors increased Mal d 1 mRNA 
as well as protein in young leaves 89. Mal d 1 is the first major 
allergen characterized in fruits of apple (Malus pumila). The cDNA 
sequence of the major allergen of apple Mal d 1 showed 72% 
identy with the coding region of one of the known isoforms of Bet 
v 1 99. The deduced amino acid sequence resulted in a 158-residue 
protein with MW of 17.5 kDa and 63% amino acid sequence 
indentity to Bet v 1. Further protein alignments showed a high 
degree of identity with allergens from other tree pollens and some 
PR proteins from food plants. Allergy to fresh apples, as well as 
allergies to nuts, stone fruits and other fruits and vegetables, is 
very common in patients with hay fever caused by birch 
pollen. The observed clustering of hypersensitivities is due to 
cross-reactions of allergen-specific IgE antibodies 20, 26, 84, 112. Bet 
v 1, the major allergen of birch pollen (MW 17 kD), and an 18 kD 
allergen from apples are important cross-reactive compounds 23. 
   Apple-allergic patients frequently report that some apple cultivars 
usually are highly allergenic (i.e. ‘Granny Smith’, ‘Golden 
Delicious’) whereas others (i.e. ‘Jamba’, ‘Gloster’, ‘Boskoop’) are 
tolerated without or with moderate symptoms and that the 
symptoms are often more severe after ingestion of mature fruits121. 
In a study on 16 apple cultivars (Alkmene, Altländer 
Pfannkuchenapfel, Apollo, Boskoop, Braeburn, Cox Orange, 
Ellison’s Orange, Gloster, Golden Delicious, Granny Smith, 
Hammerstein, Jamba, Jonagold, Macoun, Prime Rouge, 
Sternrenette) the allergenic potency of mature apples depended 
on the occurrence of the 18 kD allergen and the amount of this 
allergen varied greatly between cultivars 122. Not all of the apple 
cultivars are capable of expressing the 18 kD allergen. Five of 
seven “highly allergenic” apple cultivars are very common on the 
German market (Braeburn, Cox Orange, Golden Delicious, Granny 
Smith, Jonagold). Most of the “low allergenic” apple strains are of 
minor economic importance (Altländer, Ellison’s Orange, 
Hammerstein, Macoun). Up to seven allergen bands of molecular 
mass of 12-67 kD were found in various apple cultivars (Golden 
Delicious, Granny Smith, Boskoop). The allergenic potency of the 
apples quantified as “medium” was mediated by the 30-67 kD 
allergens. Divergent allergenicity of apple cultivars mainly depends 
on different expression levels of the major allergen. Mutational 
analysis of Mal d 1 allergens identified serine in position 111 as 
essential for IgE binding 104. Introduction of a proline residue in 
position 111 of Mal d 1 and in position 112 of Bet v 1 led to a 
drastic reduction of allergenicity of both the pollen and the food 
allergen obviously also removing the cross-reactive epitopes. 
   In the case of apple allergy, the symptoms are  more severe after 
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ingestion of mature fruits 121. The allergic potency increased 
strongly during maturation of ‘Golden Delicious’ apples and to 
lesser degree during ripening of ‘Boskoop’ apples 121. The extract 
with the highest allergenic activity was obtained from mature 
‘Golden Delicious’. The differences in the potency of IgE binding 
were due to the occurrence of an 18 kD allergen in ‘Golden 
Delicious’ apples, whereas only very low amounts of this protein 
were detected even in extracts of mature ‘Boskoop’. The allergenic 
potency of apples depends on the occurrence of the 18 kD allergen, 
and the property of expressing high amounts of this protein is not 
inherent in all apple cultivars. However, several additional allergens 
of higher molecular weights were detected in extracts of  ‘Boskoop’ 
and ‘Golden Delicious’ apples. The common modern use of 
controlled atmosphere storage of fruits may represent one stress 
factor leading to increased apple allergen concentrations 121. 
    A mean amount of 10-50 mg per kg fresh weight of the 18 kD 
allergen was assumed in mature ‘Golden Delicious’ apples 121. 
Therefore, one bite (approximately 10 g) which is able to elicit an 
allergic reaction represents 0.1-0.5 mg of ingested apple allergen. 
A net increase in protein synthesis which occurs during 
development and during cold storage of apples 39, 69 may extend 
the measured differences in allergenicity between immature and 
mature fruits. 
   Peels of Rosaceae fruits such as apple, peach, and pear, have a 
higher allergenicity than pulps. More than 40% of patients allergic 
to apple and pear tolerated the ingestion of the pulp of these 
fruits, and reactions were only elicited by the intake of the whole 
fruit 27. An important cross-allergenicity was found between the 
peel and pulp of apple and peach, although the amount of shared 
allergenic epitopes seemed to be higher in peels. 

PR-14 Lipid transfer proteins:  Plant lipid transfer proteins (LTPs) 
are small  proteins (9 kD) which facilitate the transfer of 
phospholipids and other lipids across membranes. These proteins 
ase widely distributed across  the plant kingdom. LTPs can take 
part in plant defence, as some LTPs have potent antifungal and 
antibacterial activities 78. These proteins could play a major role in 
membrane biogenesis by conveying phospholipids like waxes and 
cutin from their place of synthesis to membranes unable to form 
these lipids. LTPs contain eight conserved cysteine residues 
forming four disulfide bridges which makes them highly resistant 
to harsh temperature and pH changes 54. Coldness inducible genes 
encoding LTP in barley show differential response to bacterial 
pathogens 78. Plant lipid transfer proteins are generally located in 
the outer cell layer of plant organs. 
   LTPs are the most important allergens of the Prunoideae, such 
as peach, apricot, plum and cherry, when no pollinosis is involved 
2, 27, 28. An 8- to 10-kD protein doublet, exclusive to peach skin 
extracts largely accounted for the allergenicity of that fruit 67. IgE 
antibodies to Rosaceae LTPs reacted to a broad range of vegetable 
foods, including cereals, peanut, walnut, pistachio, broccoli, carrot, 
celery,  tomato, melon and kiwi 2. Due to its extreme resistance to 
pepsin digestion, LTP is a potentially severe food allergen. 

Conclusions 
Several protein families that contribute to the defence mechanisms 
of food plants have members which are allergens or putative 
allergens and some of these proteins are used in molecular 
approaches to increase resistance. These include α-amylase and 

trypsin inhibitors, lectins and pathogenesis-related proteins. The 
source of the transgene is of great importance for the application 
of immunological assays. Vegetable allergens are increasingly 
involved in food allergens. Cross-reactivity between pollens, fruit 
and vegetables relies upon pan-allergens: pathogenesis-related 
proteins, profilins, enzymes with the same functional activity, etc. 
The evolution of the allergenicity of transgenic foods is carried 
out by in vitro analysis of binding of the transgenic protein to 
specific IgEs from patients allergic to the source of the gene. The 
search for homology with known allergens, the degradability of 
antigenicity by proteolytic enzymes are needed for proteins 
originating from non-allergenic sources 80. De novo sensitizations 
are unpredictable and zero risk cannot be asserted. 
   New complications may arise from genetically modified plant 
foods. Since one major goal is to improve the disease resistance 
in economically useful plants, insertion of PR-encoding  genes or 
enhancing their expression levels is the method of choice. Since a 
number of allergens are PR-like proteins, the potential allergenic 
features of newly introduced proteins have to be carefully 
evaluated. The first food products derived from transgenic plants 
that are resistant to diseases, insects or viruses are now reaching 
the market and there is growing public concern about problems of 
allergenicity and toxicological changes in such transgenic food 
plants 30. 
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