
Already established tools, such as similarity
searching, clustering, nonlinear mapping
(including Kohonen maps) and other
virtual screening tools, aid in the selection
of the most promising sublibraries. If the
3D structure of the biological target is
known, docking methods are applied in
later stages, for example, GOLD, FlexX
[3,4] and, more recently, FlexE [5], which
simultaneously considers the flexibility of
the ligand and the binding site.

However, filtering and virtual
screening of huge libraries is a waste of
time if drug-like libraries can be
generated from scratch. The program
CombiGen, developed at the University
of Innsbruck (Austria), combines and
modifies several hundreds of structure-
optimized, drug-specific (‘privileged’)
fragments to produce, de novo,
structurally diverse, virtual combinatorial
libraries with a high percentage of drug-
like molecules [6]; ∼ 1,000,000 structures
can be generated per CPU day at a
standard personal computer.

Another strategy of the future will be
the combinatorial design of ligands
within their binding site, following a
concept that was first formulated by
Böhm et al. [7] and which inherently
applies the algorithms of the program
FlexX. Instead of docking thousands of
ligands separately, a recent extension of
the Flex software suite, called FlexX-C
[8], constructs a whole library within the
binding site of the protein, step-by-step.
Although such approaches are highly
appealing, all current docking methods
suffer from the insufficient precision of
the scoring functions. Further research in
this direction is required to proceed with
combinatorial ligand design.
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Functional proteomics:
separating the substance
from the hype ▼▼

The completion of the draft sequence 
of the human genome by the public
consortium and Celera Genomics
(Norwalk, CT, USA) has stirred
controversy regarding the lower than
expected number of genes in humans.
Although the debate will continue for
the next several years regarding the ‘true’
number of genes, the consensus is that
the next bottleneck is the identification
of the genes’ function(s). Proteins, the
main executors of biological function,
have been estimated to be magnitudes
greater in both number and complexity
than genes. From the pharmaceutical
industry’s point of view, proteins
represent the majority of molecules
targeted by the drugs in the market
today. An immediate requirement in the
pharmaceutical industry is to prioritize
which protein targets are suitable bases 
for developing novel and effective
therapies.

The new opportunity created by the
plethora of gene sequences with
unknown function and the urgent need
to understand protein function has led
to the frequent misuse of the term
‘functional proteomics’. Increasing
interest from the financial markets has
compounded this misuse. As the buzz
moves from genomics to proteomics, it
is important to separate the substance
from the hype. Originally, proteomics
focussed on the identification of the
protein complement of the genome [1]
but has since been extended to include
everything associated with proteins on a
global scale [2]. It is thus necessary to
subdivide proteomics to fully grasp this
burgeoning field, and the effort by
Blackstock and Weir [3] to do this
represented the first attempt to clarify
the jargon. This communication extends
the subdivision of proteomics and
concurs that dividing proteomics and
understanding each segment will
facilitate conquering the complexity of
proteins, which will lead to a better
understanding of their biological
function(s). Extending from the
Blackstock and Weir nomenclature,
proteomics can be subdivided into the
following categories: (1) Expression
proteomics; (2) Cell-map or interaction
proteomics; (3) Functional proteomics;
and (4) Structural proteomics.

Expression proteomics
Expression proteomics involves the
creation of quantitative maps of
expressed proteins from cell or tissue
extracts (by separation methods such as
2D gels and MS), similar to cDNA arrays
for transcription profiling. An alternative
terminology used is ‘differential
proteomics’, which refers to the
comparison of differences between
biological samples. Expression of
functional proteins and the advent of
protein chips represent a burgeoning
area of proteomics research and fall
under this category. This comparative
profiling of proteins, noting their
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presence or absence under different
cellular or physiological states (e.g.
diseased versus normal tissue), does not
provide direct functional information on
a particular protein that is differentially
expressed. The problem with deducing
functional relevance from differences in
expression is difficult because it is not
possible to conclude which differences
provide true causal relationships to
biological function.

Cell-map proteomics
Cell-map or interaction proteomics
involves determining the subcellular
location of proteins and protein–protein
interactions by purifying organelles or
protein complexes, followed by MS
identification. This category includes
other protein interaction technologies,
such as the popular yeast two-hybrid
method and variations based on cellular
systems that accomplish the same
objective. Although the identification of
protein–protein interactions might
provide an insight into protein function
and could elucidate functional pathways
that are relevant to disease, the
information is not sufficient to delineate
a protein’s physiological role within a
proper functional context. Binding of a
protein with another protein to form a
multimeric complex to execute a
particular function represents a type of
functional context for proteins, but to
collectively term the identification of
protein–protein interactions as ‘functional
proteomics’ is misleading. Apart from
their interaction with other proteins to
form functional protein complexes,
proteins can have other diverse functions,
including their roles in enzymatic
activities, molecular transport, and so on.

Functional proteomics
Although both aforementioned
approaches frequently claim to elucidate
the function(s) of a protein, they have
been casually labelled as functional
proteomics. By contrast, functional
proteomics is the systematic perturbation

or functional inactivation of proteins
within a given physiological environment
to address the potential role of the target
protein in a cellular process, akin to gene
disruption to elucidate the function of a
gene [4]. Furthermore, it is becoming
clear that proteins can perform multiple
functions depending on the cellular
location of the protein, the cell type in
which the protein is expressed, multimeric
state of the protein and substrate bound
to the protein [5]. Approaches in
functional proteomics include the use of
specific blocking molecules, such as
neutralizing antibodies and aptamers,
pharmacological inhibitors, transdominant
mutations and chromophore-assisted
laser inactivation. Chemical genetics can
be classified under this category because
small synthetic organic molecules or
natural products are used to elucidate
the function of proteins [6].

Structural proteomics
The recent large-scale initiative to
determine the 3D structures of proteins
has been inappropriately labeled
structural genomics. A more appropriate
term is structural proteomics because it
is the structure of the proteins that is
being determined and not the nucleic
acids corresponding to the gene
sequence. Identification of all potential
protein folds should provide the
structural framework for understanding
how a protein executes its function.
However, identification of all protein
folds only represents the first step
because proteins can have multiple
structural domains with corresponding
functional properties; therefore, it will be
necessary to link these two types of
information. Because of the current lack
of understanding of protein SARs, it is
still not possible to deduce function
from a protein’s 3D structure with much
confidence. This becomes more
complicated in humans where most
genes are fusions of different structural
domains providing further functional
diversity.

The goal of categorizing proteomics 
is to provide a systematic framework for
studying the different and complex
aspects of proteins. Solutions from the
different segments should be
recombined to achieve the higher goal
of understanding one of the
fundamental problems in biology – the
relationship of protein structure-to-
function, and the burgeoning field of
‘systems biology’. This can only be
achieved through the synergies from the
different categories described previously.
Expression proteomics provides an
important step in cataloging differences
between different physiological states,
which can be the basis for determining
which proteins are involved in a particular
pathway via cell-map or interaction
proteomics technologies. The association
of the different proteins within a particular
pathway can then be tested for
functionality by different functional
proteomics methods. Finally, information
from the previous categories can be related
to protein structure (structural proteomics)
to form the basis for the rational design
of safer and more effective therapies.
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