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Introduction

Type I allergy is a heightened or altered reactivity of
the immune system in response to external substances
involving immunoglobulins of the IgE class. More than
15% of the population in industrial countries suffer from
immediate-type allergic symptoms [1]. In recent years,
allergy research into the immunological, biochemical and
structural characterization of allergens has led to an enor-
mous progress affecting diagnostics and therapeutics. This
article summarizes important aspects of allergy research
work on purified allergens. Characterized and denominated
allergens have been listed. These data include biochemical
and structural allergen characteristics as well as research
results on human histocompatibility leucocyte antigens
(HLA) restriction of the immune response, T- and B-cell
epitopes and recombinant allergen expression. Allergens
were isolated from a variety of different species. The
taxonomy and relationship of different vertebrate, inverte-
brate as well as plant species from which allergens are
isolated are also shown.

Denomination of allergens

If an allergen fulfils the purity criteria according to IUIS/
WHO [2] it should be named according to the published
suggestions. As a rule, the first three letters of the genus are
followed by the first letter of the species and the allergen
number [3]. Numbers should be assigned in the order of
their identification using the same number for homologous
proteins of related species. Difficulties arise when the
protein is described by different groups at the same time
or when homologies are not clear. For example, the egg
allergen name Gal d 1 has been used for ovomucoid as well
as for ovalbumin. Furthermore, Lol p 11 and Phl p 11 should
not have the same number because they are not homolo-
gous; Lol p 11 is a trypsin inhibitor whereas Phl p 11
belongs to the profilin group. In addition, problems arise
when multiple allergens are described and named before
nomenclature suggestions have been published.

Most major allergens known today are proteins with
molecular sizes from 3 to 80 kDa (see Tables 1–8), but no
common structural, functional or chemical feature of these
molecules that could explain their ability to elicit an IgE
response has been found. It has been suggested that enzy-
matic or other biological activity may enhance the induction
of an allergic response [4]. Since the biological function is
only known for � 44% of characterized allergens (see
Tables 1–8), a final decision is not possible. Approximately
half of the known allergen functions are enzymatic activ-
ities, predominantly of the catabolic pathway. Solubility,
amount and distribution of these enzymes in the cell (not
restricted to compartments) may enhance the possibility to
come into contact with them and therefore increase the risk
of sensitization. Proteases for instance destroy epithelial
surface layers. Thus, an increase in their uptake and contact
with the immune system is the result.

Exposure

Everyday life is associated with exposure to an enormous
number of potential allergens in the environment. Those
from pollen, mites and pets belong to the most important
ones. An important exposure site is the workplace. Espe-
cially in this field, the investigation of dose–response
relations is crucial. Knowledge on threshold values could
be a prerequisite for effective prevention measures.

Dose–response relationships and thresholds were deter-
mined for several antigens (e.g. from pigeons and mites
[5]). Antibody levels correlate with frequency and intensity
of contact with antigens such as those from latex,Chirono-
midaeand house dust mite [6].

Allergen identification and characterization (molecular
weight, amino acid sequence, structural data)

Extracts of allergen sources generally contain a high number
of components. Only a small fraction of them, named
allergens, bind detectable amounts of IgE from sera of
‘the average allergic individual’ (obtained from a serum
pool). A generally accepted definition of a major allergen is
IgE binding from550% of sera from a panel of exposed
and sensitized individuals.
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Electrophoretic separation according to molecular
weight sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and isoelectric point or isoelectric
focusing (IEF) or, combining both methods, by two-
dimensional electrophoresis should be performed to char-
acterize single proteins. A successful method to recognize
allergens in an extract is the immunoblot. After electro-
phoresis, the material is transferred to immobilizing mem-
branes and incubated with sera of sensitized patients.
Allergens are detected with anti-human-IgE antibodies
labelled radioactively or enzymatically. For purification
of allergens size-exclusion-, ion-exchange- or affinity
chromatography are used. After purification of the aller-
gen, only one band or spot should be detectable with gel
electrophoresis. The N-terminal or total sequencing of the
protein offers the possibility to compare them with known
proteins in databases.

Both degrading and denaturing of the allergen molecule
in allergen extracts must be avoided in order to conserve the
three-dimensional structure and thus the IgE-binding epi-
topes. Antigen-antibody reaction is mainly influenced by
three-dimensional structures known to apply to the allergens

Chi t 1.01 [7], Amb a 5 and Amb t 5 [8,9], Gal d 2 and 4
[10,11], Asp o 2 [12] and Melittin (Api m 4) [13]. Structure
determination is performed by nuclear magnetic resonance
spectroscopy (NMR) and X-ray analysis. The latter needs
the protein to be crystallized whereas NMR allows analysis
of the substance in liquid state. NMR measures the amount
of amino acids as well as the neighbourhood of protons of
different amino acid residues. The alternating effect of two
protons along the carbon backbone is characteristic of
structural motives. A precise identification and careful
selection of raw allergen sources and raw materials are
basic criteria to obtain standardized allergen extracts for
clinical diagnosis.

Crossreactivity

Study of crossreactivity among allergens, i.e. binding to
immunoglobulin molecules (IgE) of the same specificity, is
of significance both for clinical and basic research. Cross-
reactivity of allergens occurs if different proteins are more
or less homologous and contain identical or nearly identical
epitopes. Frequently, it can be classified and explained on
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Fig. 1. Taxonomy of vertebrates.

Tables 1–8.The tables show a variety of relevant data on each allergen.
‘Exposure’ provides information on the most frequently exposed individuals and sensitizers. In case of pollen allergens, blossom periods

(European climate) are included.
Structural data include disulphide bonds and glycosylation. If the structure of the whole molecule is known, the method (X-ray or NMR)

is mentioned. The method is registered for mapping B-cell epitopes (monoclonal antibodies [MoAbs], polyclonal antibodies [PoAbs],
human IgE sera [IgE]). The order of allergens is according to their taxonomy (Figs 1–3).

Molecular weights of isoforms are expressed as 29/30 for example.
It should be noted that the definition of allergen molecules is not necessarily straightforward and that some controversies still exist.

P� partial
C� complete
– – –� information not yet available to the authors.



the basis of taxonomic relationships (Figs 1–3) because
closely related organisms often have great similarities and
share a number of antigens, e.g. pollen from different
species of the same genus/family [14]. It should be noted
that other crossreactions are caused by evolutionary con-
served protein structures. Profilin, a conserved protein in
eukaryotic cells, is responsible for most of the crossreactiv-
ity between birch pollen (birch profilin�Bet v 2) and
extracts of vegetables such as carrots and potatoes [15]. A
third type of crossreactivity responsible for crossreactions
between even less phylogenetically related glycoproteins is
due to the carbohydrate chains of these allergens [16].

The consequence of a strong crossreactivity is the sensi-
tization to allergens without exposure.

For the determination of crossreactivity, murine mono-
clonal antibodies as well as human IgE sera can be used.
Many approaches to identify crossreactive allergens have
been made, e.g. crossed immunelectrophoresis, immunoblot-
ting, radioallergosorbent test (RAST) inhibition, and deso-
xyribonucleic acid/ribonucleic acid (DNA/RNA) hybridiz-
ation [14,17]. It should be mentioned that not all of the
crossreactivities detected by these methods are of clinical
relevance.

Association of allergen-specific immune response with
HLA-alleles

The recognition of allergen requires the T cell with the T-cell
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receptor as well as an antigen-presenting cell with major
histocompatibility complex (MHC) class II proteins (encoded
in the HLA-D region of the human genome). A genetic
predisposition frequently seems to play a role in allergen
recognition. Every individual is characterized by a specific
HLA-type, and therefore special possibilities of epitope bind-
ing exists. The HLA-type can be evaluated using sequence-
specific oligonucleotides and the polymerase chain reaction
(PCR). DNA is isolated from small amounts of lymphocytes
and used as template for PCR. HLA associations with
sensitization to several characterized allergens have been
described [18].

Other genetic aspects may be of relevance for allergic
diseases as well. A linkage of mutations on the 5q [19]

and 11q [20] genes with total IgE has been found and is
controversially discussed at present. T-cell receptor
(TCR) genes are likely to play a role in the susceptibility
to the IgE response.

B-cell and T-cell epitopes

Most important for the evaluation of new diagnostic
and therapeutic approaches, the knowledge of allergic
reactions and the understanding of fundamental immuno-
logical features is the determination of epitopes. In the
past, research mainly focused on the detection of
immunglobulin-binding regions (B-cell epitopes). Recently,
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the relevance of T-cell epitopes was revealed as well. The
analysis of B-cell epitopes is performed with peptides of
the allergen using human IgE sera, polyclonal rabbit sera
or murine monoclonal antibodies. A disadvantage of this
method is that only linear epitopes can be identified.

Antibody binding sites (B-cell epitopes) involve sequential
as well as conformational epitopes [21]. Analyses have
shown that B-cell epitopes are predominantly con-
formational, containing more or less dominating
elements of sequential nature. For example, epitopes on

Overview on denominated allergens501

# 1996 Blackwell Science Ltd,Clinical and Experimental Allergy, 26, 494–516

Table 4.



502 V. Lieberset al.

# 1996 Blackwell Science Ltd,Clinical and Experimental Allergy, 26, 494–516

Table 5.



Overview on denominated allergens503

# 1996 Blackwell Science Ltd,Clinical and Experimental Allergy, 26, 494–516

Table 6.



504 V. Lieberset al.

# 1996 Blackwell Science Ltd,Clinical and Experimental Allergy, 26, 494–516

Table 7.



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

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

T cells recognize predominantly linear allergen
sequences in combination with MHC class II molecules.
Determination of T-cell epitopes has been performed with
peripheral blood lymphocytes or T-cell clones induced to
proliferate by allergen peptides. There are differences
dependent on the concentration of the allergen as well as
on the blood donor. However, nearly each allergen-
derived sequence of sufficient length may act as T-cell
epitope [23]. Epitope recognition may lead to conforma-
tional changes of the T-cell receptor [24]. Subsequently,
the induction of the TH2-cytokine pattern triggers the
allergic response. It should be noted that T cells produce
a continuously changing spectrum of cytokine profiles
in which the TH2 cell is only one possible extreme
phenotype [25].

Recombinant allergen production

Recombinant methods offer the opportunity to obtain
well characterized allergens of high purity for clinical
tests (e.g skin-prick test) or experimental studies to enhance
the knowledge of allergic reactions. The aim is to standar-
dize extracts and to perform diagnosis with small, clearly
defined panels of purified allergens. Recombinant allergens
and peptides are hoped to act as catalysts for the allergen-
specific immunotherapy [26].

To reach recombinant proteins, one basically has to know
the nucleotide sequence of the gene coding for the allergen
of interest. A standard procedure is PCR to catch and
amplify the gene from cDNA. After cloning and expression
in a suitable vector/host system, a large amount of allergens
of high purity can be extracted.

Summary—Conclusions

More than 160 proteins of 73 different species causing
hypesensitivity type I reactions in humans are known and
denominated. Origin and characteristics of these allergens
show a great variety. No single ‘allergen-feature’ can be
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described so far. Not only the allergen but also its inter-
actions with MHC class II molecules, IgE immunoglobulins
and T cells via T-cell receptors induce the immune response
and finally clinical symptoms. Detailed knowledge of the
molecules and their interactions is the prerequisite for new
ways of prevention, diagnostics and therapy.
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