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The analysis of tandem mass
spectrometric datasets:
high-throughput
investigations require
high-quality validation

As the various technologies involved in
proteomic analyses have matured to
become capable of rapidly generating
high-quality data, recent studies have
focussed on high-throughput,
automated applications of these
technologies. However, the quality of
the output data must be considered.
Given this, the timely review by
Nesvizhskii and Aebersold [1] in a
recent issue of Drug Discovery Today
summarizes many of the key
requirements for the statistical analysis
and validation of the results of large-
scale proteomic experiments [1].
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One of the primary factors that
requires consideration is the amount of
information that is needed from the
generated dataset. Studies carried out
within our laboratory have indicated
that extremely limited sequence data are
sufficient for the identification of the
gene from which peptide ion-
fragmentation data derives, with a high
degree of confidence in many cases (as
in the so-called ‘just-enough diagnostic
information’ approach [2]). Indeed, this
approach has the advantage that the ion
current of tandem mass spectrometry
(MS-MS) spectra can be concentrated
on a smaller number of fragment ions,
thus increasing their abundance and, in
cases where high-quality sequence
databases are available, significantly
increasing the confidence of the
matched sequences identified by
database searching.
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Although decreasing the rate of false-
positive peptide identification in
database searching is clearly desirable,
there is also a strong case to be made
for allowing more minor sequence
variations. This could enable peptides
with high-interspecies identity to be
matched to orthologues and errors in
sequence databases and post-
translational modifications to be more
readily incorporated into searches.

Another requirement that many high-
throughput proteomic strategies
overlook is the biological significance of
the data. In a typical MS—MS-based
approach, peptides are selected for
MS-MS based on their relative
abundance. Clearly, the nature of many
of the peptides selected using these
criteria will be the products of
housekeeping genes (i.e. proteins that
are essential for cell function, but the
levels of which fluctuate insignificantly).
However, in the analysis of biological
processes such genes are rarely
informative. Hence, the preselection of
ions having relative intensities that vary
significantly between cells under
different conditions would clearly give a
more biologically relevant dataset. This
type of strategy exploits the developed
stable isotope methods, although inter-
and intra-experimental variability require
further investigation [3].

For proteomic data to be shared and
compared between different
laboratories, standardized criteria for the
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validation and evaluation of proteomic
data must be established. PEDRo is one
such schema that proposes to
standardize the format of archiving and
management of data. PEDRo is
currently being implemented into the
initial high-throughput projects of the
Human Proteome Organisation
(http://www.hupo.org) [4].

A final point is a more philosophical
one; the concept of ‘protein
identification’ is somewhat ill defined. In
a typical 2D-gel approach, multiple
distinct spots are frequently identified as
being derived from the same gene, but
they clearly differ at some level. In
multidimensional protein identification
technology (MudPIT)-based approaches,
such information is lost and protein
identification is frequently based on
MS-MS of single peptides [3]. Such
peptide-based identification does not
indicate the number or heterogeneity of
isoforms present and, therefore, this
data must be interpreted with caution.
Clearly, high-throughput strategies must
always be supported by thorough
bioinformatic and biochemical validation.
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Log(BB), PS products and
in silico models of drug brain
penetration

In silico models of drug brain penetration
attempt to predict blood-brain barrier
(BBB) permeability on the basis of
parameters such as hydrogen bonding,
lipid solubility and molecular weight.
The majority of in silico models use
log(BB) as the index of BBB permeability,
where BB is equal to the brain:blood
drug concentration ratio at some
defined time point, such as 60 minutes
after drug administration. In a recent
issue of Drug Discovery Today, Martin [1]
questioned the validity of the log(BB)
parameter and suggested that it is time
that log(BB) is no longer used to predict
BBB penetration. The BB is a volume of
distribution that is determined largely by
cytoplasmic binding of drugs in brain
and much less by BBB permeability. Two
different drugs could have comparable
log(BB) values yet differ in BBB
permeability by tenfold. Any
pharmaceutical company that relies
heavily on log(BB) values is at risk of
following poor drug leads and missing
promising drug leads. If log(BB) values
are not to be used, then what parameter
should be used? Alternative parameters
of BBB permeability include intra-
cerebral micro-dialysis fibers, drug
concentrations in cerebrospinal fluid
(CSF) and in vitro BBB models that
measure the BBB permeability—surface
area (PS) product. However, it can be
shown that none of these parameters
offers any advantages over log(BB). The
one methodology that does give reliable
measures of BBB permeability is the

in vivo quantification of the BBB PS
product.

Drug action in the brain is a function
of drug receptor occupancy. This
receptor saturation by drug is a function
of the free drug in brain cells and not
the total drug concentration, which is
reflected by log(BB). Total drug is the
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sum of free drug and the drug that is
bound to cytoplasmic proteins in brain.
Most drugs are avidly bound in the
brain, such that the total drug
concentration in brain is many-fold
greater than the free drug concentration
in brain. Unfortunately, it is not so easy
to measure free drug in brain
experimentally. Intra-cerebral dialysis
fibers have been used, but these
measure free drug under conditions of
brain injury in which BBB permeability is
artifactually increased [2]. An alternative
to the measurement of free drug in
brain is the determination of drug levels
in CSF [1]. However, measurement of
drug distribution into CSF is not a
measure of BBB permeability. Drug
distribution into CSF is a function of
drug transport across the choroid
plexus, which forms the blood-CSF
barrier. By contrast, free drug in brain is
a function of drug transport across the
brain capillary endothelium, which
forms the BBB. These two membrane
systems in brain, the BBB and the
blood-CSF barrier, can have very
different permeability profiles [3]. For
example, azidothymidine (AZT) readily
distributes into CSF, but does not cross
the BBB because of the selective
expression of an AZT active efflux
transporter at the BBB, which is not
expressed at the choroid plexus. As a
result of the rapid rate of CSF bulk flow
through the brain and the slow rate of
drug diffusion within the brain, the CSF
and brain interstitial fluid (ISF) occupy
functionally separate compartments [3].
It should not be assumed that the drug
level in CSF is equal to the free drug in
brain ISF, as illustrated by the case of AZT.
The best index of BBB permeability is
the BBB PS product, which has units of
pl min-1 g1 and is a measure of
unidirectional clearance from blood to
brain across the BBB. The BBB PS
product predicts the level of free drug in
brain, because the level of free drug is
determined by: (i) the total drug
concentration in plasma; (ii) the PS
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