Under the Microscope

Proteomic applications in microbial
identification
Taxonomy has an important role to play in microbiology being
mainly for: 1) identification of pathogens performed in clinical
diagnostic laboratories; 2) epidemiological strain typing; and
3) for diversity and bioprospecting studies in which bacterial
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names are used to encapsulate information. In the case of clinical
diagnosis, a key aspect is rapidity and accuracy; for epidemiology,
discrimination of strains in a reliable and meaningful way
is required; while broader ecology-oriented applications of
taxonomy rely on a robust classification system well served by
ancillary data that is phenotypic, biochemical, chemical and
genomic. Methodologies providing these aspects are continuingly
improving. Typical of the current zeitgeist, we want the best of

Proteomics-based

approaches

have

been

used

in

microbial taxonomy for the last several decades. Recent
improvements in instruments and software have led to
the appearance of mass spectrometric fingerprinting

worlds – speed and data richness. That is, approaches that might
be obtainable in real time; allow discrimination at fine scales
and that are highly information-rich. A challenging prospect,
since some of these desired aspects are to some extent mutually
exclusive. However, specific developments in proteome-based

and peptide survey approaches allowing for highly

fingerprinting using matrix-assisted laser desorption ionisation-

rapid and accurate taxonomic diagnoses suitable for

time of flight spectrometry (MALDI-TOF); and multidimensional

high-throughput laboratories as well as means to deeply

protein information technology (MudPIT) have the potential to

analyse entire proteomes.

meet some if not all of these challenges.

Figure 1. One-dimensional SDS-PAGE analysis of proteins extracted from Helicobacter species with profiles analysed by densitometric and
numerical analysis using GelCompar v. 4.2 (Applied Maths). From Moyaert et al.16, with permission from the Society for General Microbiology.
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Proteomics-based analyses up until the last five or so years have
generally involved one-dimensional (1D) or two-dimensional
(2D) gel-based technologies. The patterns of proteins resolved
on the basis of molecular weight with polyacrylamide gels in
1D from extracts have been used in taxonomic comparisons of
strains since the 1970s1. These methods have been rather useful
in resolving related species or strains (example in Figure 1).
Since most descriptions are now based on single isolates, these
methods are rarely used for direct characterisation work, and are
being increasingly replaced by PCR-based fingerprinting methods
such as REP, ERIC, AFLP and so on2. Advances in instrument
technology have provided new ways to do proteomics and, as
described below, these have been or can be adapted for microbial
taxonomic applications.
The principal of MALDI-TOF as it can be applied to taxonomy
involves comparison of a series of protein fragment masses with
the assumption that particular bacterial species or strains possess
diagnostic patterns of these features, deriving from strain- or
species-dependent proteins. The company Bruker Daltonics has
developed a MALDI-TOF instrument (the Biotyper) and database
that includes a large range of clinically relevant bacterial species.
Several laboratories are expanding this database for specific
applications3. The MALDI Biotyper streamlines the technical
aspects of MALDI-TOF, basically adapting it for use in general

diagnostic laboratories and such instruments started appearing
in 2009. Independent studies4,5 showed the Biotyper approach is
more reliable than biochemical approaches and is more accurate
at identifying genera (0.1% error level). Species identification
error was 3% for Enterobacteriaceae, 6% for staphylococci,
8% for non-fermentative Gram-negatives, 15% for streptococci,
16% for Pasteurellaceae and Neisseraceae and 15% for yeasts4.
This compares with error rates two to three times higher for
biochemical strip-based assays. Misidentifications by MALDITOF MS are likely due to database problems in which strains
were misidentified in the first place6. In terms of specificity, the
approach could be useful for delineating intraspecific features
of species, but this depends on dedicated development of
databases in line with other approaches of strain subtyping
such as multilocus sequence typing. As an example, subtypes of
various Yersinia species, such as Y. pseudoenterocolitica, can be
potentially delineated but other Yersinia spp. cannot7, simply
due to the nature of the current taxonomic framework. For
example, the species Y. pestis, Y. pseudotuberculosis and Y. similis
all have rather similar MALDI-TOF fragment profiles, reflecting
their close genetic allegiances7.
In the case of non-clinical-based MALDI-TOF applications (for
example, food microbiology8) the strength of the methodology
is also dependent on database development and whether this

Figure 2. Schematic showing the sample preparation method for analysis and identification of bacteria using MALDI-TOF analysis as applied in
the MALDI Biotyper (Bruker Daltonics). From Wolfgang Pusch, with permission.
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happens likely depends on its general take-up and utilisation.
Methodologically sample preparation is very simple and rapid
(Figure 2), which for clinical laboratories is ideal as it streamlines
processes and thus can generate potential cost benefits. Samples
are mixed with a matrix chemical that absorbs laser energy,
encouraging ionisation of protein fragments that have masses
of 2,000–20,000 daltons. The samples are then spotted onto
ground steel sample targets. A series of mass spectra are
then obtained and software used to generate a list of protein
fragments differentiated by molecular mass. Software is used
to compare different peak lists and thus a database can be built
up. Distinct fragments found can be potentially matched to
genome data based on distinct size or analysed further by liquid
chromatography/mass spectrometry (LC/MS) to obtain peptide
sequence data. There is strong potential for improvements in
MS technology and the databases to allow for higher reliability
and greater versatility of MALDI-TOF technology in microbial

identification and could eventually allow rapid determination of
specific proteins that differentiate strains.
MudPIT provides an alternative means for evaluation of Bacteria
and Archaea (and any other form of biological material) and relies
on existing accumulated proteomes inferred from genome data
(for example, Uniprot, SWISSPROT, EXPASY, NCBI databases).
Unlike MALDI-TOF, MudPIT analysis is far more comprehensive
and provides information depth rather than rapid identification.
The method essentially profiles as much as possible the entirety
of a given proteome by a random survey of peptides derived
from a digested protein extract9. Proteins can be labelled or
unlabelled, with the latter option becoming more popular and
has been shown to be sufficiently reliable enough to allow
quantification of protein abundance10. The process, outlined
in Figure 3A, relies on high-resolution separation of peptides
by 2D LC and subsequent analysis of the peptides relying on

A
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Figure 3. Schematic showing A) the analytical analysis of complex cell lysates by the MudPIT procedure; B) an example of an automated
bioinformatics pipeline for protein identification for Listeria monocytogenes (based on the Computational Protein Analysis System, www.LabKey.
org); C) a partial extract of spectral count data output from a MudPIT analysis of Psychroflexus torquis ATCC 700755T (using a LTQ-Orbitrap MS
system, ThermoScientific) showing peptide sequence, protein identification (matched to the NCBI database), total spectral counts for the given
peptide, probability of correct match (ProteinProphet Score, a value of 1.0 being practically an error-free match), and retention time (in seconds)
during the 2D liquid chromatography separation phase.
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highly accurate mass estimation, high responsiveness, and
sensitivity to dynamic ranges in ion intensity. A good instrument
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