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Population proteomics is the study of protein diversity in human
inhabitations. It can be defined as the investigation of human proteins
across and within populations to delineate and understand protein
differences, and to facilitate the discovery and validation of disease-
specific protein modulations.’3 In broader terms, population proteomics
can be compared with population genomics, where individuals
catalogue common genetic variants and determine how they are
distributed among people around the world. Although population
proteomics cannot (yet) claim such outreach and goals, it has the
potential to become an important proteomics subdiscipline. As the tools
and approaches that enable population proteomics are increasingly
being applied, it stands to provide answers about the extent of protein
modifications in humans and their association with disease.

Several attributes define population proteomics. The first is the use of
targeted proteomics approaches. Population proteomics does not engage in
the study of entire proteomes because it is likely that for a specific cell or
tissue proteome there is no definitive set and number of proteins common
to all within a group or a larger population. Instead, population proteomics
focuses on the interrogation of a selected number of proteins from a large
number of individuals to delineate the distribution of specific protein
modifications within these subpopulations.

Another important attribute of population proteomics is the use of mass
spectrometry (MS)-based approaches. MS is the only detection method that
can provide information about specific protein structural modifications
without a priori knowledge of the modification. MS interrogates the protein
mass, which is an intrinsic property of each fully expressed and functional
protein. The mass contains information about the gene that encodes the
protein and the post-expression processing that the protein undergoes. Any
changes in the gene sequence and/or post-expression protein processing
will be reflected in the mass of the whole protein.

Mass Spectrometric Immunoassay

The MS methods utilised in population proteomics must be capable of
analysing hundreds, if not thousands, of samples per day with high
reproducibility and sensitivity. Hence, top-down MS approaches
utilising affinity ligands are the most likely methods of choice for
population proteomics. Surface-immobilised ligands can be utilised to
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affinity-retrieve a protein of interest from a biological sample, after
which the protein (with or without the affinity ligand) is introduced in
a mass spectrometer. One of the first affinity MS methods developed
was the MS immunoassay (MSIA).4> This approach combines targeted
protein affinity extraction with rigorous characterisation using matrix-
assisted laser desorption/ionisation-time of flight (MALDI-TOF) MS (see
Figure T1). Protein(s) are extracted from a biological sample with the
help of affinity pipettes derived by utilising polyclonal antibodies. The
proteins are eluted from the affinity pipettes with a MALDI matrix and
are MS-analysed. Enzymatic digestion, if needed, is performed on the
MALDI target itself.

Specificity and sensitivity, as in traditional immunoassays, are dictated
by the affinity-capture reagents, i.e. the antibodies. However, a second
measure of specificity is incorporated into the resulting mass spectra,
wherein each protein registers at a specific mass-to-charge ratio.
During data analysis, the major signal in the mass spectrum that
corresponds to the targeted protein is initially evaluated. It should be
within a reasonable range (e.g. error of measurement <0.05%) from
the value of the empirically calculated mass obtained from the
sequence of the protein deposited in the Swiss-Prot databank. Once
this mass value is confirmed (or observed to be shifted), the presence
of protein modifications is noted by the appearance of other signals in
the spectra of the mass (usually in the vicinity of the native protein
peaks) or by mass shifts of the major protein signal. Modifications can
be tentatively assigned by accurate measurement of the observed mass
shifts (from the wild-type protein signals and/or in silico calculated
mass) and knowledge of the protein sequence and possible
modifications. The identity of the modifications is then verified using
proteolytic digestion and mass mapping approaches in combination
with high-performance MS.

Determining Normal Biological Variations

In the case of healthy populations, the first candidates for population
proteomics studies are well-studied (and generally higher-concentration)
plasma proteins, because of availability of well-characterised affinity
reagents (antibodies). Then, proteins at lower concentrations in human
plasma can be progressively addressed. It is important to emphasise that
there are virtually no data on the distribution of specific post-translational
modifications across the general populace, even for the most abundant
proteins. Deglycosylation, sequence truncations, side-chain residue
modifications (phosphorylation, sulfonation, oxidation, etc.) have been
reported for myriad proteins, yet, to date, a concerted effort has not been
undertaken to assess the incidence of these structural modifications in
individual proteins in the general population. Hence, the first aim of
population proteomics is to catalogue protein modifications and establish
their frequency in the general population. Those modifications that are
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found to occur at a high frequency can be declared wild-type and, unless
they undergo a quantitative modulation in response to a specific disease,
they stand to bear little significance to future biomarker discovery efforts. It
is the low-frequency protein modifications that are most likely to be of
greater significance as potential biomarkers of disease. To detect them,
thousands of individuals will need to be analysed.

Samples

Both plasma and urine are good media for such a wide ranging proteome
examination as they contain almost every protein (at some point in time,
and in some shape and form) that the human body and cells produce
(including cancer cells). While the wide dynamic ranges of protein
concentrations and their molecular masses in plasma remain big
challenges for the wide specificity proteomics approaches, these obstacles
are minimised with targeted proteomics methods that are employed in
population proteomics. Certainly, some protein-specific pre-treatment of
those samples (e.g. addition of buffers, stabilisers, etc.) might be
implemented, but major fractionation steps should be avoided so that the
overall process and method remains simple and high in throughput.

Discovery

It is expected that such large-scale population proteomics studies
will result in the discovery of a plethora of novel protein structural
modifications. For example, recent applications of the MSIA approach
to a relatively small number of human plasma samples resulted in
the discovery of new post-translational modifications for several
plasma proteins, including apolipoprotein A-l,° apolipoprotein A-Il,®
C-reactive protein,” insulin-like growth factor II,8 retinol-binding
protein,®1° serum amyloid A" and serum amyloid P.'2 Consequently, the
Swiss-Prot entries for these proteins have been annotated with the new
modifications. Expanding the protein knowledge database via discovery
of novel modifications is a key element of population proteomics studies.

Validation

Population proteomics can also be implemented for the validation of
putative protein biomarkers discovered through clinical proteomics
efforts, which is the most challenging aspect of this programme. Such
validation efforts usually involve targeted analysis of the biomarkers
(assayed either individually or in groups for better predictive values) via
traditional immunoassay methods such as enzyme-linked
immunosorbent assay (ELISA) and/or protein microarrays. However,
these approaches cannot detect structurally modified proteins that have
Standard

labels that cannot

been indicated as putative cancer biomarkers.3-15

immunoassay approaches utilise detection

discriminate between structural protein modifications. This is due to the

Figure 1: Mass Spectrometric Inmunoassay Approach
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fact that the resulting quantitative signal is the sum of signals from all
isoforms for a given protein captured by the primary affinity ligand. It is
only logical to validate protein modification implicated as potential
biomarkers via immunoassays, which incorporate the same method of
detection that was used in their discovery, i.e. MS. Otherwise, one is
faced with the daunting task of generating highly specific monoclonal
antibodies that will be able to discriminate between sequences that
differ in as little as a single amino acid or a small side-chain modification.

Summary

In the last 10 years, proteomics has evolved from a technology-driven
field into an application-driven discipline, the subject being the study
of proteins in humans. Population proteomics, as described here, is an
applied proteomics subdiscipline engaging in the long-term study of
the human protein diversity. Assessing human proteins variations
among and within populations is a paramount undertaking that can
facilitate the effort of clinical proteomics in the discovery and
validation of protein features that can be used as markers for early
disease diagnosis, monitoring of disease progression and assessment
of therapy. @
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