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The potential of proteomics and peptidomics for allergy and

asthma research

The human genome project (1–3) initiated a dramatic
change of the research strategy applied in life sciences from
the punctual investigation of defined projects to global
approaches. The ‘omics’ projects aim at studying the full
characteristics of a given biological sample in a single set of
experiments. Despite the impact of genomics in molecular
biology (4) and medicine (5), the information encoded by
genomes does not representmore than a rough groundplan
for an organism. This information might restrict but does
not describe the dynamics of the life processes occurring in
cells and organisms. Healthy as well as disease status are
governed by complex processes, which start from the
activation of a (limited) number of genes located in the
genome either on the same chromosome or in different
chromosome segments. Gene activation, translation, tran-
scription and maturation of mRNAs, as well as posttrans-

lational modifications give rise to a multitude of mature
proteins and peptides (6) with structures, which are not
directly deducible from genome sequences. Although
proteins and peptides are products of gene expression,
there are much more different forms of functional proteins
and peptides than genes encoding them. As a consequence
of the tightly regulated steady state between synthesis,
posttranslationalmodifications anddegradation every cell,
tissue and organ of an organism contains a complex pool of
proteins, protein fragments and peptides adequately modi-
fied to fulfill their biological functions. This result in the
equilibrium of different functional forms of a given protein
in varying concentrations embedded into extremely com-
plex interaction networks involving a multitude of other
different proteins or peptides (Fig. 1). Because of the
dynamic nature of gene expression, protein synthesis and
posttranslational modifications, the identification and
quantification of proteins alone is not sufficient to under-
stand functional interactions. In this context it is important
to realize that changes as small as the addition of a single
phosphate, cleavage of a leader peptide, amidation or

Progress in the field of proteomics, the branch of biology that studies the full set
of proteins derived from a given genome, is moving fast. Two-dimensional gel
electrophoresis (2DG) separation of complex protein mixtures and the subse-
quent analysis of isolated protein spots by mass spectrometry allow fast and
accurate identification of proteins. The comparison of spots from different
samples separated on customized 2D gels allows the detection of punctual dif-
ferences in their mobility and facilitates tracing back differences in protein
expression, presence of isoforms, splice variants and posttranslational modifi-
cations by mass spectrometry. In spite of significant analytical challenges owing
to the high complexity of the proteome and the challenge deriving from the
necessity to process huge amounts of raw data generated by mass spectrometric
profiling, proteomics has evolved to an indispensable tool in life sciences. A
restricted window of the proteome that consists of peptides and small proteins
not easily manageable by conventional gel electrophoresis prompted the devel-
opment of separation methods based on liquid chromatography. This new re-
search field termed peptidomics already contributed, together with proteomics to
enlarge our knowledge about biological processes and supported by sophisti-
cated bioinformatics tools, to the discovery of new diagnostic and therapeutic
targets. The technological capabilities of biophysical separation, mass spectr-
ometry and bioinformatics form the basis of discovery programs that aim at
mining the proteome starting from microgram amounts of protein extracts de-
rived from body fluids and tissues. Proteomics and peptidomics have a great
potential to speed up allergy and asthma research, where disease- and tissue-
specific samples are easy to obtain.

R. Crameri
Swiss Institute of Allergy and Asthma Research
(SIAF), Davos, Switzerland

Key words: allergy; asthma; mass spectrometry;
peptidomics; protein separation; proteomics.

Prof Reto Crameri
Head Molecular Allergology
Swiss Institute of Allergy and Asthma Research
(SIAF)
Obere Strasse 22
CH-7270 Davos
Switzerland

Accepted for publication 3 February 2005

Abbreviations: 2DG, two-dimensional gel electrophoresis; ESI,
electrospray ionization; HPLC, high pressure liquid chromatogra-
phy; MALDI, matrix-assisted laser desorption ionization; MS, mass
spectrometry; pI, isoelectric point; TOF, time of flight.

Allergy 2005: 60: 1227–1237 Copyright � Blackwell Munksgaard 2005

ALLERGY

DOI: 10.1111/j.1398-9995.2005.00873.x

1227



oxidation processes can drastically alter the biological
function of a protein (7). Since the whole protein and
peptide status of a biological sample at a given time point
should be detected in a proteomic approach, sophisticated
methods for sample preparation as well as for separation
and exactmolecular characterization of each single protein
and peptide are required. However, each biological sample
analyzed depicts only a static snapshot of the ‘frozen’
proteome and reflects the state of the system at themoment
at which the sample is taken. Information about dynamic
processes can only be reconstructed by analyzing arrays of
single snapshots taken at different times by complex
correlation-associated networks (8, 9). Mass spectrometry
(MS) is currently making significant contributions to the
understanding of the composition and structure of proteins
and, in turn, to the elucidation of structure–function
relationships. This sensitive technology allows the exact
determination of molecular masses of proteins and pep-
tides, direct verification of gene-derived sequences, deter-
mination of the number and localization of disulphide
bonds and rapid structural elucidation of posttranslational
modifications (10, 11). As sequence data of genes and
proteins are rapidly accumulating in databases, it becomes

easier to generate hypotheses about the biological function
and about the network of interactions of newly discovered
proteins and peptides. Hierarchical cluster analysis (8, 12),
relevance networks (13, 14) and correlation-associated
networks (9, 15) based on statistical analysis of biomole-
cules with a common co-transcription, co-expression,
co-secretion or co-clearance pathway facilitate the genera-
tion of robust predictions about putative protein interac-
tions. The combination of comprehensive sequencing data
derived from large proteome projects and sophisticated
bioinformatics tools hold great promises for the fast
discovery of diagnostic and therapeutic targets as well as
for the understanding of the pathophysiological mecha-
nisms involved in any disease. Because allergies and
specially asthma, represent genetic disorders with a het-
erogeneous phenotype attributed to the interaction among
many genes and environmental factors, proteomic and
peptidomic experimental set-ups bear a great potential to
provide us with a more detailed understanding of the
molecular mechanisms involved in the development of
these diseases. Traditionally, the application of emerging
technologies in allergy and asthma research lag behind
technological developments and this review aims at
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motivating scientists to think about chances and pitfalls of
proteomic and peptidomic applications to this field of
research.

Conceptual background

The human genome deals ‘only’ with about 30 000 genes
(1, 2) while the human proteome has to deal with several
hundred thousands of proteins and peptides deriving
from alternative splicing, posttranslational modifications
and proteolytic processes (16–18). The word ‘proteome’
was first proposed in 1994 to describe the whole content
of proteins present in a cell, tissue or body fluid at a given
time (19). In analogy the term ‘peptidome’, coined in
2001, aims at describing the whole content of peptides
present in a biological sample (20). Both, proteomic and
peptidomic technologies, targeting different windows of
the ‘proteome’, represent global strategies, where all
proteins or peptides present in a biological sample derived
from a cell, tissue or body liquid are simultaneously
visualized and identified (20–23). These approaches do
not depend on any experimental hypothesis but can,
based on correlation-associated network analyses of
proteomic or peptidomic profiles, generate hypotheses
about relations between structurally and biologically
related proteins (9). The spectrum of predicted functional
relationships covering posttranslational modifications
(24, 25), proteolytic processes (9), co-secretion of proteins
and peptides (9) and protein–protein interactions (26, 27)
can be easily verified by sequencing of the corresponding
peak sized from the proteomic or peptidomic profile of
the analyzed sample. This process is greatly facilitated by
the availability of the whole sequence of the human
genome, which allows the identification of a protein with
minimal sequence information (28, 29). In contrast to the
relatively high stability of the genome, the proteome is
highly dynamic and reflects the current metabolic status
of a given biological system. Although genomic analysis
can provide important information about the suscepti-
bility to acquire a certain disease, it is equally important
to elucidate metabolic changes at proteome and pepti-
dome level which might determine severity and prognosis
of a disease in order to discover new diagnostic and
therapeutic targets.

Technological background

In contrast to genomic information which is primarily
stored in the four base linear sequence of easily isolable,
biochemically homogeneous and amplifiable DNA, at
least 21 amino acids determine the primary structure of a
protein. The inherent physical properties of individual
proteins including solubility, hydrophobicity, size and
isoelectric point (pI) differ markedly. As a consequence
thereof, the analysis of complex protein mixtures is more

laborious and less customizable than the analysis of
DNA. To identify and characterize proteins and peptides
from extremely complex mixtures of thousands of com-
pounds with a wide dynamic concentration range the use
of technologies with a high resolving power and extreme
sensitivity is mandatory.

Protein separation techniques

The current standard method for the separation of
complex proteomic samples is still 2D polyacrylamide
gel electrophoresis (PAGE), a method developed more
than two decades ago (30), which allows high resolution
of single components (31, 32). The first dimension
(isoelectric focusing) is carried out using gels with a fixed
pH gradient to separate proteins according to their pI.
Subsequently, the proteins are separated according to
their relative masses in a second dimension by SDS-
PAGE. After separation, protein spots are visualized,
extracted from the gels using different methods (33, 34)
and subjected to mass spectrometric analysis to deter-
mine their identity (35). However, sample preparation is
still the most critical step in two-dimensional gel
electrophoresis (2DG) and should be optimized for each
type of sample. To obtain gene expression profiles,
proteins have to be extracted from complex biological
samples such as tissue biopsies, serum plasma or
cerebrospinal fluid. One should be aware of the fact
that possible protein degradation or modifications rela-
ted to the extraction procedure will directly influence the
proteome profile of the sample. Moreover, the presence
of abundant proteins, like albumin in serum, which
interfere with 2D-PAGE separation, will mask low
abundance proteins (36, 37). Analyses of such complex
samples remain challenging in view of the large number
of proteins expected to be present and the wide dynamic
range of protein concentrations known to span at least
11–12 orders of magnitude (38). These problems have
strongly supported technological development aiming to
improve the quality of sample preparations through
enrichment of modified proteins (39, 40), prefractiona-
tion of body fluids by column chromatography (41, 42)
and selective depletion of abundant proteins (43, 44).
The molecular mass (apparent mass) in a proteomic
experiment typically ranges from 10 to 200 kDa and the
pI from pH 4 to pH 10. Staining the 2D gel already
gives a visual image, which allows one to estimate the
resolution quality, the number of spots and the protein
quantity in individual spots (Fig. 2). The reproducibility
of the first and second dimension in gel electrophoresis
has improved dramatically allowing a good resolution
and relatively high throughput (45–47). Quantification
of stained spots is mainly achieved by spot integration
after staining. Identification is performed either by
recovering the proteins from the gel and conventional
Edman sequence determination or by digestion of each
protein ‘in-gel’, recovery of the fragments and precise
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analysis of the fragment masses by MS (48, 49).
Although still suffering from some practical limitations
(50), 2DG-based proteome analysis technology has been
shown to be a fantastic tool for the identification of
novel biomarkers (51–53) and therapeutic targets (54–
57), for the study of differential protein expression in
healthy and disease status in different pathophysiolog-
ical conditions (58, 59) up to the industrial scale analysis
of human blood plasma (38).
Analysis of peptides from complex mixtures differs

from commonly employed proteomics strategies. In
contrast to large proteins, peptides can be separated with
high resolution by column chromatography, preferably
using high quality reverse phase material and analytical
ion exchangers (60) and as a consequence thereof the
complexity of peptide mixtures can be reduced (61). A
definitive advantage of chromatographic separation
methods over 2DG is that the analytes always remain in
the liquid phase, minimizing loss of substances. More-
over, column chromatography is a scalable process
covering a range of sub-microgram amounts in capillary
chromatography to grams processed by preparative
chromatography (62). However, body fluids such as
plasma or serum contain high amounts of protein
(ca. 70 mg/ml) compared to relatively low amounts of
peptides ranging from 50 to 200 lg/ml (63). Obviously,
the high protein content of these fluids interferes with
chromatographic separations of the peptides in terms of
resolution and loading capacity. Therefore a prior separ-
ation of peptides from larger proteins (>25–30 kDa) is a

necessary step for efficient subsequent chromatographic
fractionation and MS analysis of peptides (20). The
fractionation of protein-depleted samples by high-pres-
sure reversed phase liquid chromatography (RP-HPLC)
into 96 fractions prior to mass spectrometry reduces the
complexity of the sample and increases the resolution
significantly (64, 65). The molecular mass window cov-
ered by peptidomics includes peptide hormones, neuro-
peptides, cytokines and many other circulating peptides
representing messenger molecules involved in the control
of thousands of biological and regulatory processes (66)
not covered by classical proteomic approaches. In the
field of allergy and asthma where cytokines and chem-
okines (67, 68), small (peptide) mediators released from
effector cells (69) and MHC classes I and II presented
peptides (70, 71) play a pivotal role in the pathogenesis,
peptidomics bear a great potential for both, analysis of
the concentration of known peptides in biological sam-
ples and for the discovery of new, so far unknown small
molecules involved in the onset, maintenance and pro-
gression of the diseases. Advantages and disadvantages of
the most commonly used separation techniques applied in
proteomics and peptidomics experiments are summarized
in Table 1.

Mass spectrometry

The biochemical entity of protein spots isolated from gels
or of peaks derived from chromatographic fractions is
usually assessed by mass spectrometric ‘fingerprinting’
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Figure 2. The 2D gel visualizing proteins in the ranges from about 10 to >200 kDa with different pI (A). In typical proteomic
experiments isolated protein spots are subsequently analyzed by MS. The window marked in red corresponds to the molecular weight
range typically analyzed in peptidomics experiments (1–20 kDa). Small protein and peptide samples are first separated into
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(72). The MS allows a sensitive and precise detection of
the total peptide content even of complex mixtures (73).
Basically two techniques, electrospray ionization (ESI)
(74) and matrix-assisted laser desorption/ionization
(MALDI) are used (75). In the ESI mode, peptides and
proteins are multiple protonated and then gently trans-
ferred from solution to gas phase yielding multiple
charged ions (76). The MALDI technique transfers
molecules straight from solid to gas phase with the help
of laser irradiation and the so-called matrix, which ionizes
the peptides and proteins and transfers sufficient energy
to the substrate molecules (77) yielding predominantly
singly charged ions. These techniques analyze the mass-
to-charge ratio (m/z) of peptide fragments obtained by
proteolytic digestion of isolated protein spots or of
peptide peaks separated by HPLC or other chromato-
graphic methods. The real mass analyzer is usually time
of flight (TOF) if coupled to MALDI or ion trap and
quadrupled if ESI is used. In either case, peptides are
separated according to their specific mass to charge
quotient (m/z) plotted against peak intensities. The raw
mass spectra have to be processed because of noise, peak
broadening, instrument distortion, saturation effects,
miscalibration or presence of contaminants (Fig. 3). The
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Figure 3. Representation of a raw mass spectrum and of a
processed peptide mass fingerprint. The raw output of an MS
spectrum (A) has to be processed to correct noise, peak
broadening due to the detection system, instrument distortion
and saturation effects to generate discrete peptide mass finger-
prints (B) (modified from Ref. 125).
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introduction of tandem MS (MS/MS), i.e., fragmentation
of peptides that are selectively isolated in the mass
spectrometer in order to read out the (partial) amino acid
sequence of the peptide, further improved the analysis
procedures. Today, a vast variety of (hybrid) mass
spectrometers incorporating various and sometimes mul-
tiple, ionization sources and analyzers in one instrument
are available. Biomarker profiling from body fluids by
MALDI has been complemented and accelerated by the
SELDI (surface-enhanced laser desorption/ionization)
technology, a combination of miniaturized chromato-
graphic prefractionation on a strip and subsequent
MALDI-TOF analysis of the sub-fractions (78). How-
ever, one should be aware of the fact that while
proteomics has an enormous discovery potential, this
also brings the risk of simply getting lost in too many
data. This demands for powerful methods for data
analysis and therefore bioinformatics is an indispensable
complement to any global proteomic or peptidomic
approach (79). Typical workflows for proteomics and
peptidomics experiments are outlined in Table 2.

The bioinformatics challenge

The modern biochemical profiling technologies including
DNA microarrays, proteomics, peptidomics and meta-
bolomics provide the research community with enor-
mous amounts of raw data. However, our ability to
generate data now outstrips our ability to analyze it
(80). The process from proteomics profiling by 2DG or
peptidomics profiling to the identification of (differen-
tially expressed) proteins or peptides by comparison of
mass spectrometric results with reference databases
includes many components of data processing (81).
Data mining represents a modern computer-based sta-
tistical approach to provide a system-level understand-
ing by organization of genomic, functional genomic and
proteomic data deriving from genetic and environmental
parameter variations and is indispensable to build a
descriptive and mechanistic model of biological phe-
nomena. The final goal of the bioinformatics challenge is
to build a mathematical framework with predictive
abilities. Simply knowing the existence of genes and
proteins does not tell us much about the biological
processes in which they are involved (82). The analysis

of MS data can be a hard task due to the complexity of
the information to decipher, the accuracy and dynamic
range of quantitative analysis, the availability of appro-
priate software and the overwhelming size of data files.
However, progress in this field is fast and methods for
the systematic modeling of proteomics experimental data
(83), to describe proteomic analysis of posttranslational
modifications (84) and for the analysis of correlation-
associated networks (9, 15), are emerging. It is exciting
to anticipate a time when data from thousands of gene
expression experiments and from proteomic profiling
will be available for meta-analysis (85), which has the
potential to balance out artefacts from many individual
studies, thus leading to more robust results. However,
this will require that data adhere to some type of
uniform structure and format that would ideally be
independent of the particular technology used to gener-
ate it (86) and at present we are quite far from such an
ideal situation.

Emerging applications of proteomics and peptidomics in
allergy and asthma research

Obviously, the first and simplest applications of proteo-
mic approaches in allergy and asthma research consist in
the fast identification of new allergenic molecules. It is
well known that many allergenic sources like fungi,
moulds or latex are complex and contain large numbers
of IgE-binding molecules (87, 88). They can easily be
separated on 1D or 2D SDS gels and visualized by IgE
immunoblotting (89). Proteomics offer a straightforward
strategy for the identification of new IgE-binding proteins
through 2DG, site-specific fragmentation, MS analysis of
the fragments and database search. Use and improvement
of the available allergen databases (90) will strongly
contribute to the fast identification of new and cross-
reactive allergenic structures (91). However, the available
computational tools for the study of allergens (92) will
need to be improved and further developed to allow a full
exploitation of the large knowledge about allergen
structures cumulated during the past decade. The 2DG
approach has been successfully applied to identify new
allergens from shrimp, Japanese cedar and latex (93–95)
without the need to isolate the individual proteins in
relevant amounts, which is required by classical methods
of sequence determinations. However, the greatest poten-
tial of the technology derives from the ability to deter-
mine posttranslational modifications, which are not
detectable by cDNA cloning and difficult to analyze by
classical chemical methods. Kolarich and Altmann (96)
showed that an electrophoretically separated band cor-
responding to 4 lg of glycoprotein is generally sufficient
to allow detection of the major N-glycan species by MS.
Thus mass spectrometry represents a fast and sensitive
tool for the characterization of natural allergens identified
in Western blot analyses (97) and for comprehensive

Table 2. Workflow of typical proteomics and peptidomics experiments

Step Proteomics Peptidomics

1 2D-SDS sample separation Sample depletion from proteins
2 Spot identification by gel staining Fractionation by HPLSC
3 `in gel' digestion of spots MS/MS spectra of each fraction
4 MS/MS peptide fingerprinting Candidate list identification
5 Sequence determination Sequence determination
6 Database search Database search
7 Protein identification Peptide identification
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structural comparisons with the corresponding recom-
binant allergens (98, 99). The rapid progress in structure
elucidation facilitated by proteomic methods will signi-
ficantly contribute to the elucidation of the repertoire
of allergenic molecules and its micro-heterogeneity deri-
ving from posttranslational modifications and from
the presence of allergen isoforms in natural extracts
(100, 101).
However, more significant progresses can be expected

from proteome wide protein expression profiling (102),
which can be applied to any clinical sample. In multi-
factorial diseases, such as allergy and asthma, it is more
likely that disease correlations will be more closely
associated with a set of biomarkers or a protein profile
rather than with one single marker. Basically, samples
derived from cell cultures of biopsy material (103, 104),
from fractionated or nonfractionated biopsies (105) and
bronchioalveolar lavage are available to study lung
diseases (106). Although these areas of research are still
in the infancy, first reports on mouse models of asthma
using proteomic approaches are emerging (107, 108). It
can be expected that such complex experiments will
reveal arrays of up- and down-regulated proteins in
comparison to healthy and disease status. The proteins
found may not all play a role in the immunological
mechanisms and/or pathophysiology of allergy or
asthma. This is mainly due to the sensitivity of the
system, problems in identifying false-negative and false-
positive signals (80) and the relatively low throughput
of 2D proteomic experiments, which do not yet allow
comparison of high numbers of replicates for a robust
statistical analysis of single observations. A more
promising window for the analysis of allergy and
asthma is located in the world of small peptides, which
are known to be involved in the pathogenesis of these
diseases. Progress in peptidomics is, although young,
very impressive (109). Peptidomic biomarker discovery
in body fluids (110–112), cell cultures (113, 114) and
animal models (115, 116) demonstrate the power of the
technology, which is particularly suitable for investiga-
tions in the field of immunology (117–119). First
reports of quantitative profiling of plasma peptides in
asthmatic mice (120), of identification of disease-asso-
ciated humoral antigens (121) and of activated platelet-
derived growth factor pathways in human asthmatic
pulmonary-derived mesenchymal cells (122) indicate the
potential of peptidomics for allergy and asthma
research.

Outlook

At present both proteomic and peptidomic technologies
are progressing fast making predictions about future
developments a hazardous task. Progress in understand-
ing the pathophysiology of allergy and asthma will
depend on the discovery of interaction networks between
already known molecules and on the discovery of new
peptides and proteins interacting with these networks. In
turn, the discovery of new disease-related members of
these networks will depend on technology development.
Progress and robustness of the results will clearly depend
on the ability to develop bioinformatics tools able to deal
with huge amounts of data, on the ability to eliminate
false-positive and false-negative signals in MS profiles
and on the development of high-throughput proteomics
and peptidomics to be able to compare large sample
collections. Every progress in one of these separate
research fields will synergetically influence the develop-
ment of the other complementary fields and therefore I
would expect an exponential growth in technology
improvements culminating in the fast discovery of large
numbers of diagnostic and therapeutic targets. The way
from target discovery to target validation is long and
disseminated with pitfalls and the way from the discovery
of new proteins or peptides to the elucidation of their
roles in the complex networks influencing the pathogen-
esis of the diseases will not be shorter. However,
molecules involved in the pathogenesis of allergy and
asthma such as cytokines, chemokines, their receptors,
major histocompatibility complex-binding peptides and
transcription factors are accessible for proteomic and
peptidomic investigations and the power of these tech-
nologies will likely lead to the definition of correlation-
associated networks, to fill in gaps by the discovery of
new network members and finally, to the establishment of
more effective prophylaxis and therapy for these diseases.
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