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The 20th century saw massive progress in knowledge of
processes underlying the genetic basis of our existence,
ranging from the structure of DNA to the identification of
specific disease-associated genetic abnormalities, and their
clinical exploitation as the basis of trials of gene therapy or
as prognostic markers. The perceived ultimate goal of
identifying and sequencing the 40 000 to 60 000 genes of
the human genome has reached the end of its first phase,
and functional and structural genomics projects have now
begun, using the genetic sequences to predict the resultant
proteins and to investigate their structure and function.
This information will contribute greatly to biology and
medicine, but already the idea of one gene to one protein
is known not to hold; organisms are far more complex
than is indicated by analysis of genetic material alone. By
the reverse approach, examination of the functional
output, or proteome,1,2 the expressed protein complement
of a genome and also that of a tissue or cell type,
additional complementary information can be obtained,
which will allow the clinical benefits of the new knowledge
to be fully realised.

The concept of mapping the human proteome was put
forward almost 20 years ago,3 but rapid advances in
molecular-biology techniques and a change of
government in the USA shifted the emphasis, leading
ultimately to the human genome project. Today the
pendulum is swinging back, with technological advances
in protein separation and identification allowing the
concept of proteomics-based approaches to become
reality. Such approaches are likely to be increasingly
adopted in the 21st century.
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Why proteomics?
The major challenge now to biologists is to use the wealth
of genetic information available from the genome-
sequencing programme not just to decode the aminoacid
sequence of the encoded proteins but also to find out their
function. Genomics-based approaches initially use
computer-based similarity searches against proteins of
known function. The results may allow some broad
inferences to be made about possible functions, which can
then be explored experimentally. However, about a third
of the sequences in organisms for which the genomes have
been sequenced seem to code for proteins that are
unrelated at this level to proteins of known function.4 A
major undertaking is the elucidation of the three-
dimensional structure of such proteins after they have
been expressed and purified in vitro, by techniques
such as X-ray crystallography and nuclear magnetic
resonance. These methods may allow the prediction of
catalytic mechanisms, protein-protein associations, or
protein-nucleic-acid interactions and provide further
insight into function, which can then be investigated
biologically.4

In addition to the genetic make-up of an individual or
organism determining protein expression, many other
factors determine gene and ultimately protein expression
and affect proteins directly. These factors include cellular
and environmental factors such as pH, hypoxia, and drug
administration. Similarly, because the flow of information
between genes and proteins is bidirectional, the cellular
phenotype is influenced by the networks created by
interaction between pathways that are regulated in a
coordinated way or that overlap. Neither these effects, nor
the biological basis of multigenic processes such as ageing,
stress, and disease, can be identified solely from
examination of the genome.5 Further insights into possible
roles of particular genes in disease can be obtained, as has
already happened for many genes, from results of various
techniques such as nucleic-acid-based microarray
technology, which is increasingly used to characterise
differences in mRNA populations between diseased and
normal tissue.

There are several other compelling reasons to
complement these studies and approach biological
questions from the protein perspective to provide both
qualitative and quantitative information about gene
expression—ie, proteomics. Proteins are the functional
output of the cell and therefore might be expected to
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provide the most relevant information, particularly when
interpretation of their expression takes into account their
dynamics in specific biological contexts. The expression
or function of proteins is modulated at many points from
transcription to post-translation (figure 1), which
generally cannot be predicted from analysis of nucleic
acids alone. There is poor correlation between the
abundance of mRNA transcribed from the DNA and the
respective proteins translated from that mRNA,6 and the
transcript can be spliced in various ways to yield different
protein forms. Extensive changes can also be introduced
during or after translation—for example, the addition of
specific carbohydrate side-chains or phosphorylation—
leading to multiple protein products from a single gene.
Preliminary studies suggest an average number of protein
forms per gene of one to two in bacteria, three in yeast,
and three to more than six in human beings.7 Thus, the
human body may contain more than half a million
modified proteins. Understanding of their interplay is a
formidable undertaking, even at a cellular level, where
only 5000–10 000 genes (although many more proteins)
may be expressed, particularly with their functional state
varying with post-translational modifications such as
phosphorylation and dephosphorylation, glycosylation,
cleavage, complex formation, and translocation within the
cell.

Proteomic tools
Protein separation
The central tool for displaying the proteome is two-
dimensional gel electrophoresis (figure 2).8,9 Proteins are
separated on the basis of charge in the first dimension and
molecular mass in the second. Several improvements have
been made to this method in the past few years,
particularly in the first-dimension separation. The sample
(eg, tissue, serum) is solubilised, and the proteins are
denatured into their polypeptide subunits. This mixture is
then separated by isoelectric focusing; on the application
of a current, the charged polypeptide subunits migrate in
a polyacrylamide gel strip that contains an immobilised
pH gradient until they reach the pH at which their overall
charge is neutral (isoelectric point or pI), hence producing
a gel strip containing discrete protein bands along its
length. This gel strip is then applied to the edge of a
rectangular slab polyacrylamide gel containing sodium
dodecyl sulphate, and the focused polypeptides migrate in
an electric current into the second gel and are separated
on the basis of molecular size. Typically 1000–3000

proteins per gel can be visualised, for example by staining
with silver. Complementary approaches such as
immunoblotting allow greater sensitivity for specific
molecules. Multiple forms of individual proteins can be
readily visualised (figure 2), and the particular subset of
proteins examined from the proteome is determined by
factors such as initial choice of sample solubilisation
conditions and pH range of the gel strip used for the first
dimension.

Protein identification and characterisation
Analysis of gel images with specialised software10 allows
comparisons of multiple gels both within a laboratory and,
via links, to comprehensive proteome databases on the
internet. Thus, by a process of subtraction, differences
(eg, presence, absence, or intensity of proteins or different
forms) between healthy and diseased samples can be
revealed. Proteins of interest can then be identified on the
basis of knowledge of the isoelectric point and apparent
molecular size determined from the two-dimensional gels,
supplemented by a combination of methods, generally
applied hierarchically.11 Increasingly these include highly
sensitive mass-spectrometric methods, which require
smaller amounts of material and have a higher throughput
than conventional sequencing methods (sensitivity of
femtomole to attomole concentrations). Proteins or
peptides are ionised by electrospray ionisation from liquid
state12 or matrix-assisted laser desorption ionisation from
solid state,13 and the mass of the ions is measured very
accurately by various coupled analysers.11 For example,
the time-of-flight analyser measures the time for ions to
travel from the source to the detector (MALDI-TOF). If
the excised protein spot is first digested with trypsin,
which cleaves proteins at specific aminoacid sequences (if
present), the protein can be broken into a mixture of
peptides. The masses of the peptides can then be
measured by mass spectrometry to produce a peptide
mass fingerprint. This discriminating signature is
compared with the peptide masses predicted from
theoretical digestion of protein sequences currently
contained within databases, and the protein can be
identified. If necessary, actual sequence information can
be obtained by tandem mass spectrometry, in which
discrete peptide ions can be selected and fragmented, and
complex algorithms are used to correlate the experimental
data with data derived from peptide sequences in protein
databases. If the protein or peptide of interest cannot be
matched with any known sequence, generally, enough of
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Figure 1: The ways in which gene and protein expression can be regulated or modified from transcription to post translation
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the sequence can be interpreted to allow the design of
suitable nucleotide-based probes and subsequent
identification of new proteins and genes.

Protein bioinformatics
Experiments done in a real laboratory need to be
complemented by virtual experiments done on
computer.14 In addition to the software packages for
analysing the electrophoretic separation, bioinformatic
tools have been developed. Some of these are available via
the internet with links to many provided from the ExPASy
proteomics server (www.expasy.ch/www/tools.html).15

These allow not only identification of proteins but further
characterisation ranging from the calculation of basic
physicochemical properties to the prediction of potential
post-translational modifications and three-dimensional
structures. Annotated protein and two-dimensional
electrophoresis databases are the bioinformatic core of
proteome research. SWISS-PROT is a typical example of
such an annotated database (figure 3).16 Many proteome
projects are now underway, resulting in the generation of
two-dimensional electrophoresis databases that are
accessible on the internet (many can be accessed via links
from the ExPASy server at www.expasy.ch) and can be
browsed with interactive software and integrated with in-
house results. These databases include protein maps of
human plasma, urine, cerebrospinal fluid, and tissues
such as breast, heart, and bladder transitional-cell and
squamous-cell carcinomas, as well as various
microorganisms. Ultimately, given the dynamic nature of
the proteome, complex experimental details and related
results should be displayed with the relevant biochemical
pathways or disease implications highlighted.

Biomedical applications
The maximum effect of proteomics-based approaches on
biomedical research has not yet been achieved, partly
because of the lack of awareness in the research
community about the technological advances that have
made such an approach feasible on a large or small scale
and partly because of the naturally occurring lead-in time
after any technological advance. However, exciting
progress is being made, and brief overviews of several
biomedical areas are given below to illustrate the potential
of this approach. Although not detailed here, proteomics-
based approaches offer great potential in unravelling
complex biological problems such as the nature of
particular molecular complexes or pathways in disease
pathogenesis. This process is best illustrated by examples
from more fundamental biological research, such as the
characterisation of the components of the multiprotein
spliceosome complex17 and the nuclear pore complex.18

Drug development
Drug development is generally based around the desire to
upregulate or downregulate a specific activity implicated
in disease pathogenesis or in treatment-associated side-
effects. Most drugs exert their effects on proteins. The
strategy of working forward from the gene has been used:
a specific genetic lesion is identified and the resultant
changes in protein structure, function, or expression are
elucidated, so that a drug to counteract or correct such
aberrations can be rationally designed. An example is the
development of an inhibitor of the BCR-ABL tyrosine
kinase in chronic myeloid leukaemia.19 Similarly, the
identification on bioactivity grounds of a protein that is
pivotal in a biological process has led to the specific design
of drugs to manipulate these properties, as exemplified by
the use of neutralising antibodies or inhibitors of the
receptor tyrosine kinases to inhibit angiogenesis induced
by vascular endothelial growth factor in tumours.20 The
challenge in proteomics-based approaches still lies in
identifying the target molecules. A detailed analysis of 51
drugs showed that mechanistic-based grouping is reflected
in the effects on protein,21 and substantial investments
have been made in proteomics technologies by
pharmaceutical and biotechnology companies. Only a few
thousand human genes are likely to be suitable targets,22

and with any single company only able to work on a few
hundred, selection is of key importance. Blackstock and
Weir proposed23 that pharmaceutical proteomics for target
validation (although equally valid for other biomedical
areas) be split into expression proteomics and cell
mapping or interaction proteomics, each having a distinct
role in the overall drug discovery process. Cell-mapping
proteomics has a more defined goal of studying protein-
protein interactions by systematically characterising the
components of protein complexes and building up a map
of cellular pathways and interactions that may be
important either in a disease process or in the mechanism
of action of a drug. By use of specific antibodies or
artificially introduced tags, specific proteins can be
isolated and any associated proteins can be identified
rapidly by mass spectrometry. Targeting of analysis to
multiprotein complexes may reveal likely functions of
specific proteins more rapidly and indicate appropriate
biological studies.24

Expression proteomics is the profiling of protein
expression in a cell under various stimuli, probably of
most use in the search for surrogate markers of drug
responsiveness and in toxicology. Such an approach has
formed part of the Developmental Therapeutics Program
at the US National Cancer Institute, where 3989
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Figure 2: Silver-stained two-dimensional polyacrylamide-gel
electrophoresis pattern of a whole extract from a human liver
biopsy sample
Electrophoretic separation was carried out with immobilised pH gradients
(pH 3·5–10·0, non- linear; the figure shows only pH 5·5–10·0) for
isoelectric focusing in the first dimension and 9–16% T sodium dodecyl
sulphate polyacrylamide-gel electrophoresis for molecular mass in the
second dimension.
Inset shows enlargement of a western blot of one area of the gel, with
multiple p53 polypeptides revealed by immunoblotting.
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compounds have been screened against a panel of 60 cell
lines, and their molecular pharmacology characterised by
two-dimensional electrophoresis.25 However, expression
proteomics must compete with the genomic analogues of
differential gene expression and chip-based hybridisation
technologies. For example, with a DNA microchip,26 the
temporal expression changes in 8613 genes in human
fibroblasts responding to serum were examined. Such
technologies provide results more rapidly and are less
labour-intensive than the corresponding proteomics-based
approaches but, given the poor correlation between
mRNA and protein product6 and the higher value of the
protein information, substantial investment is being made
to automate large-scale proteomics operations. Clearly,
genomic and proteomic approaches complement each
other in terms of the information produced and their
relative advantages and disadvantages.

In addition to target selection, equally important in
progress to clinical use are target validation and toxicity
studies. A classic example of validation is the study
showing the actions of the cholesterol-lowering agent
lovastatin in affecting proteins involved with cholesterol
metabolism.27 In assessments of the mechanisms of
toxicity of ciclosporin, Aicher and colleagues showed
decreased renal expression of the calcium-binding protein
calbindin in human renal-transplant recipients with
nephrotoxicity, which may be implicated in the tubular
calcification side-effects of this drug.28

Neurological disorders
Post-translational modifications of proteins are not
detectable by examination of nucleic acids, and nowhere
have such modifications been implicated in disease

processes as in the following two examples. Prion
diseases, characterised by fatal degenerative
encephalopathy, are rare in human beings. Creutzfeld-
Jakob disease (CJD) affects about one person per million
per year and may be inherited, acquired, or, as in most
cases, sporadic. The infectious particle (prion) is unusual,
apparently being a conformational isomer of a normal
cellular glycoprotein (PrPC) termed PrPSc, which is
resistant to proteolytic degradation. Neuropathological
diagnosis necessitates a brain biopsy or necropsy sample,
although many sporadic cases have a typical clinical
picture. However, with the emergence of a new variant
form of the disease (vCJD) associated with the bovine
spongiform encephalopathy epidemic, the search for
diagnostic and screening tests that can be used before
death has intensified. Analysis of cerebrospinal fluid by
two-dimensional electrophoresis revealed two proteins,
designated p130 and p131, the presence of which could
be used to discriminate between CJD and other types of
dementia with a sensitivity of 88% and specificity of
99%.29 Sequencing identified them as members of the 14-
3-3 family. The value of 14-3-3 proteins as discriminatory
markers for CJD in patients with dementia has since been
confirmed in several studies,30,31 although clinical use in
vCJD has yet to be clarified.32,33 The proteins are also
present in some patients with other neurological disorders
without dementia, possibly reflecting neuronal damage
rather than disease pathogenesis.

On electrophoresis, PrP is shown to exist as a
diglycosylated, monoglycosylated, or non-glycosylated
form. Protease treatment degrades all PrPC but only
partially degrades PrPSc leading to increased
electrophoretic mobility of the three isoforms, with
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Figure 3: Links and level of annotation detail of SWISS-2DPAGE and SWISS-PROT
Arrow indicates the location of a growth-related protein, translationally controlled tumour protein (TCTP), on the two-dimensional map of the human
colorectal adenocarcinoma cell line DLD-1, with the adjacent text containing part of the corresponding SWISS-PROT entry.
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characteristic profiles in their relative abundances for
different clinical variants of CJD.34,35 The unique profile
generated by vCJD brain samples resembled that seen in
samples from animals with bovine spongiform
encephalopathy.35 The detection of PrP protein in all of
nine tonsil samples from patients with vCJD, with a
glycoform profile similar to that in brain samples of vCJD
but differing slightly in the relative ratios of the isoforms,33

raises the possibility that tonsil biopsy may be useful as a
test to detect vCJD. Although obviously still at very early
stages of development for this disease, such knowledge of
specific protein abnormalities may lead to the
development of therapeutic approaches. A recent study of
peptides designed to reverse the conformational changes
seen in PrP showed a greatly reduced infectivity of prion
infectious material in mice with experimental scrapie.36

Alzheimer’s disease is the commonest single cause of
dementia. The characteristic neuropathological brain
lesions are senile plaques and cytoplasmic neurofibrillary
tangles. Aminoacid sequencing and identification of a
common protein fragment of 4 kDa (�-amyloid) as the
major extracellular protein component of senile plaques in
both Down’s syndrome and Alzheimer’s disease37,38

subsequently formed the basis for cloning of the full-
length amyloid precursor protein (APP) gene.39 This step
was pivotal in highlighting the involvement of this protein.
Normally cleaved into fragments and cleared, cleavage
into amyloid �1-42, in particular, results in increased
deposition and ultimately neurotoxicity, although the
exact mechanism is not known.40 Further supportive
evidence includes the identification of mis-sense

mutations in APP, which result in increased deposition of
amyloid �, mutations in the presenilin genes which are
postulated to affect APP trafficking, and a specific
polymorphism (�4 allelle) of apolipoprotein E (ApoE) as a
risk factor for Alzheimer’s disease, possibly by differential
binding to amyloid � and subsequent enhancement of
aggregation.40

The major protein component of neurofibrillary tangles
is the microtubule-associated protein tau, which is present
as six alternatively spliced isoforms.41 Immunochemical
and electrophoretic analyses have shown that pathological
tau differs from normal tau biochemically;41 it is less
soluble and particular post-translational modifications
occur, including ubiquitination, glycosylation, glycation,
and, most notably, hyperphosphorylation.42 The relative
contributions of these changes to the formation of the
tangles is as yet unclear. Many studies of tau and APP
have used two-dimensional electrophoretic and mass
spectrometric techniques and, in view of the importance
of protein-protein interactions and post-translational
modifications in Alzheimer’s disease and other
neurological diseases, this is likely to remain a principal
approach in the future.

Infectious diseases
Identification of proteins produced by microorganisms is
facilitated by the small number of genes and the
completion of genome sequencing for many micro-
organisms.43 The main aim of most studies has been the
search for new diagnostic markers, candidate antigens for
vaccines, and determinants of virulence. For some of the
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Figure 4: Reference ‘master’ two-dimensional electrophoretic image of the proteins of the bovine heart
Protein spots indicated with arrows are present in significantly reduced amounts in the hearts of animals with inherited dilated cardiomyopathy as shown in
the quantitative histograms. Red bars (1–6) represent animals with clinical dilated cardiomyopathy, and blue bars (7–12) normal control animals. Purple
bars (13–16) represent animals that are clinically normal but are offspring of two parents with clinical dilated cardiomyopathy (ie, the animals are
genotypically affected but phenotypically normal). Most proteins are expressed in normal concentrations in the hearts of these animals, but protein spot
913 is expressed in low concentrations, as in the affected animals.



For personal use only. Not to be reproduced without permission of The Lancet.

microorganisms studied, two-dimensional electrophoresis
databases are available on the internet (www.expasy.ch/).

Mycobacterium tuberculosis is probably the most studied
microorganism. Tuberculosis still causes more than
2 million deaths each year, so an international priority is
to improve diagnosis and develop a more effective
vaccine. The current BCG vaccine, an attenuated
avirulent form of M bovis, varies in efficacy from almost
zero protection in southern India to about 70% protection
in the UK. Culture filtrates of M tuberculosis provide
effective vaccination in animal models,44 and several
research groups have been systematically characterising
the mycobacterial proteomes, particularly the secreted
proteins.45,46 After further screening for reactivity in human
beings, several of the antigens identified by these studies
have now been incorporated into trial vaccines.47 Studies
examining the humoral response in vivo have also
identified relevant antigens, with several having
serodiagnostic potential in early tuberculosis.48

Examination of genetic differences between virulent
M tuberculosis, virulent M bovis, and the avirulent M bovis
BCG by genomic analysis identified three distinct regions,
with one (RD1) being present in virulent strains but
absent from all BCG sub-strains.49 When RD1 was
introduced into the BCG strain, expression of several
proteins was altered, producing an expression profile
almost identical to that of the virulent strain. This finding
is not only useful in identifying potential regulators of
virulence but also may provide the basis for discrimination
between BCG immunisation and the presence of virulent
tuberculosis.

Heart disease
Heart failure, arising from systemic disease or specific
heart-muscle disease, is one of the leading causes of
morbidity and mortality in more developed countries. The
pathogenesis of the cardiac dysfunction is still largely
unknown, but a proteomics-based approach in
characterising overall changes in protein expression in
heart disease and heart failure may provide new insights
into the cellular mechanisms involved in cardiac
dysfunction, together with new diagnostic markers and
therapeutic opportunities. Federated two-dimensional
electrophoresis databases of human cardiac proteins have
been established (www.expasy.ch/ch2d/2d-index.html),
and several hundred cardiac proteins have been identified.

The proteomic focus so far has been on dilated
cardiomyopathy, which almost certainly has multiple
causes. The combined results of these studies50–52 have
shown that the expression of some 100 cardiac proteins is
significantly different from normal in dilated
cardiomyopathy, and most of the proteins are less
abundant in the diseased than in the normal heart. Most
of the identified proteins can be grouped into three broad
functional classes: cytoskeletal and myofibrillar proteins;
proteins associated with mitochondria and energy
production; and proteins associated with stress responses.
With use of animal models to overcome inherent
confounding factors such as genetic variability and effects
of therapy, proteomic studies of dilated cardiomyopathy
in cattle53 and pacing-induced heart failure in dogs54 have
shown similarities with the proteomic analysis of human
dilated cardiomyopathy. Most of the changes involve
decreased protein abundance in the diseased heart (figure
4), and the proteins affected are mainly cytoskeletal or
associated with mitochondria and energy metabolism.
The most notable change in bovine dilated
cardiomyopathy was a seven-fold increase in the enzyme
ubiquitin C-terminal hydrolase. This finding accords with

the suggestion that inappropriate ubiquitination and
subsequent degradation of proteins by the proteasome
may contribute to the development of heart failure.55 In
addition to the global proteomic approach (analogous to
expression profiling), cardiac antigens that elicit specific
antibody responses in vivo are being identified. Several of
these antigens may be involved in processes of acute56 and
chronic57 rejection after cardiac transplantation and are
currently being investigated as potential non-invasive
markers.

Cancer
Although studies concerned with the identification of
novel antigens or markers for diagnostic, prognostic, or
therapeutic use have been paramount, molecules and
processes implicated in carcinogenesis per se are
increasingly being investigated. Most tumour markers in
current use were identified from protein-based
approaches, from the identification in the 1800s of an
abnormal urinary precipitate in myeloma (Bence-Jones
protein) to the generation of tumour-specific antibodies
against epithelial cancer cell lines (CEA and CA 125).58

Genetic markers, detected cytogenetically or by mutation
detection, are also now entering clinical practice,58 but
some changes likely to be important in carcinogenesis,
diagnosis, and prognosis, such as abnormal expression of
proto-oncogenes, may not be associated with a detectable
genetic lesion. For proteins implicated in cancer, the use
of multiple antibodies allows simultaneous
characterisation of several proteins acting in a network.
For example, overexpression and many post-translational
modifications (largely phosphorylations) of several
oncogene products and cell-cycle proteins such as p53 can
be detected in transformed liver cells.59 Aberrant
glycosylation of many proteins with a known cancer
association has been described,60 and proteomics-based
approaches are ideally placed to characterise such post-
translational modifications, although much work still
needs to be done to assess their clinical significance.

There have been many studies involving proteomics-
based approaches into cancer,61 and the potential of such
work is exemplified by the studies in squamous-cell
carcinoma of the bladder.62,63 In Europe and America,
about 90% of bladder cancers are transitional-cell
carcinomas, but in regions where Schistosoma haematobium
is endemic, such as parts of Africa, about 80% of bladder
cancers are squamous-cell carcinomas. The histological
evolution of these tumours is uncertain, and they may be
difficult to distinguish from poorly differentiated
transitional-cell carcinomas with areas of squamous
differentiation. With two-dimensional electrophoresis, six
squamous-cell carcinomas were correctly identified from
150 bladder tumours on the basis of characteristic
protein-expression patterns. Psoriasin (also identified as a
potential urinary marker), keratins 10 and 14, PA-FABP,
galectin 7, and stratifin were particularly valuable in
assessing the degree of differentiation.62 In a novel
approach,63 the evolution of squamous-cell carcinomas is
being explored by use of antibodies to proteins
differentially expressed in these tumours and normal
urothelium to stain serial sections (‘immunowalking’)
from different areas of cystectomy specimens. This
approach is based on the premise that the urothelium of
these patients is likely to encompass a range of
abnormalities from early metaplasia to invasive cancer.
Proteomics-based studies of many tumour types are now
underway, and they are likely to benefit from the use of
complementary techniques such as laser capture
microdissection64,65 to isolate malignant cells for
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electrophoretic analysis, thus facilitating the discovery of
tumour-specific proteins.

Future perspective
Proteomics complements genomics-based approaches,
providing additional information but presenting different
technical challenges. For example, there is no protein
equivalent of PCR for amplification of low-abundance
proteins, so a range of detection from one to several
million molecules per cell is needed. Proteins have
properties arising from their folded structures, so generic
methods are difficult to design and apply, and the analysis
and significance of post-translational modifications
provide a major challenge, both in normal and disease
conditions. Certain technological processes, particularly
protein separation and analysis, are inherently skill-based
and remain difficult to automate. Separation techniques
such as capillary electrophoresis may be more amenable to
automation but are unlikely to replace two-dimensional
electrophoresis with its superior resolving power.
However, many complementary technologies are being
developed and either alone or in combination will
undoubtedly assume prominent roles in the armouries of
proteomics and functional or structural genomics-based
approaches, whether in expression profiling or molecular
interaction screening. These include protein arrays,66 the
yeast two-hybrid system,67 phage-display antibody
libraries,68 surface-enhanced laser desorption and
ionisation,69 and biological activity profiling of families of
proteins such as proteases.70 Parallel development of high-
quality bioinformatic facilities is also essential, involving
not only genetic and protein sequences but also the
experimental conditions to unravel the biology. Clearly,
the particular technological approach adopted will depend
on the features of the proteins or proteome under
investigation.

The proteome is dynamic, reflecting the conditions to
which a cell is exposed or, for example, a specific disease
process. There is therefore potentially a huge number of
proteomes for each cell type. Hypothesis-driven research
with careful selection of the specific features of a
proteome that provide information relevant to the
particular biomedical question is particularly important
given that the bottleneck is likely to lie not in identifying
the proteins but in their downstream characterisation.
Proteomics benefits from integration with the genomics
initiative—the gain from this interface as genome
sequencing and functional genomics projects are
completed, together with the introduction of national
proteomic funding initiatives, should allow proteomics-
based approaches to realise their potential in biomedical
research and translation into clinical practice.
We thank the Imperial Cancer Research Fund, the British Heart
Foundation, and Proteome Sciences plc for supporting our research in
this area.
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