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Overview

The quantitative Protein Sequence Tags (QPST™) technology is a
proprietary, gel-free proteomic approach targeted towards the
differential quantitative protein analysis of complex proteomes of
cells and body fluids .

The qPST™ technology relies on stable isotope labelling using basic
mass tags to allow for the differential quantitative analysis of peptide
pairs in MS mode.

These tags, that label amino groups, are designed to maintain typical
peptide properties for SCX fractionation and purification and to
ensure efficient MS analyses (concerning both identification and
quantification).

The robustness of the qPST™ approach is being demonstrated by the
detection and confirmation of quantitative protein regulations in a
well established yeast model grown on different carbon sources.

Currently gPST™ is being applied to profile differential protein
expression in human plasma samples from Alzheimer’s disease (AD)
patients compared to plasma from healthy volunteers. (*)

Introduction

Comparative proteome profiling using stable isotope peptide labelling and
mass spectrometry has emerged as a promising strategy. Recently, we
introduced the Protein Sequence Tag Technology (PST®) as a powerful gel-
free tool for the analysis of a wide range of biological samples and fractions
thereof such as nuclear and membrane extracts [1-3]. Here we present the
results obtained with the quantitative Protein Sequence Tag (QPST™)
technology when applied to differential quantitative analysis of complex
proteomes.

The gPST™ approach is based on differential isotope labelled derivatisation
tags, LC-MS and MS/MS analyses and integrated software modules for
accurate differential quantitative analyses of peptide pairs.

After having assessed the gPST™ principle with simple protein mixtures [3],
the performance of the qPST was evaluated with S. cerevisiae, grown on
either galactose or ethanol as carbon source, to demonstrate the robustness
of the approach in detecting quantitative changes in complex proteomes.
Subsequently, gPST™ was applied to the investigations of human plasma
samples of Alzheimer’s disease vs. healthy patients in order to discover
biologically relevant biomarkers in complex proteomes of body fluids.

Description of the qPST™ process

The gPST™ procedure consists of a series of integrated steps to prepare a
complex protein mixture for subsequent MS-based analysis. All the steps
performed in this approach are based on effective and robust chemical
manipulations. The individual steps are arranged in such a way that the
differently labelled probes can be combined as early as possible in the
process as described in Figure 1.

Briefly, the initial CNBr mediated protein cleavage provides several beneficial
effects, including enhancing accessibility of the functional groups for further
manipulations, and increasing the number of labelling sites. Moreover, the
CNBr step is highly effective to achieve solubilisation of membrane proteins,
even if they have several membrane-spanning domains.

In the second step, a specific labelling of the amino groups is achieved with
light or heavy tags, N,N-dimethylglycine N'-hydroxysuccinimide ester (DMG).
This labelling reagent is designed to maintain intrinsic peptide properties
such as their chromatographic behaviour in the SCX fractionation and their
fragmentation behaviour during MS/MS. Moreover, the qPST tags introduce
a minimal mass modification on peptides and the isotope pair presents a
mass difference of 5 amu, which allows an unambiguous separation of the
two isotopic patterns of the labelled peptides pair for relative quantitation as
shown in Figure 1.

After pooling the labelled mixtures, the following tryptic digestion of the
labelled polypeptides results in an ArgC-like protein digest pattern due to the
loss of lysine as cleavage site upon labelling. Consequently, a lower number
of peptides than normally expected with trypsin digestion is generated,
thereby resulting in a relative reduction of sample complexity. The peptide
mixture is then fractionated by SCX chromatography and each fraction is
further analysed by LC-MS as described in Figure 2.

Principle of the qPST™ technology
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Figure 1. Schematic representation of the
qPST™ technology. CNBr cleavage generates
polypeptide fragments of moderate size. The
labeling step uses the light and heavy isotope
reagents, which block all amino group. After
pooling of the samples (ratio 1/1), trypsin cleaves
labelled polypeptide fragments, thereby
generating ArgC peptides. The resulting peptide
mixture is then fractionated using SCX column
and each fraction is analyzed by LC-MS.
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Figure 3. Workflow of the qPST™ application to a yeast glucose repression
scheme. Yeast cells were grown in YP-rich medium with either 2% galactose
(Gal) or 2% ethanol (EtOH) as a sole carbon source [4]. Total cell lysate of both
samples were isolated and then analysed as described below.The comparative
Gal/EtOH experiment was run in triplicate, starting from the sample preparation
step to the MS analysis. Additionally, two control experiments using Gal/Gal and
EtOH/EtOH comparisons were performed in order to assess the false positive rate.
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Table 1c

Tables 1: Outcome of the peptide pair analysis from the yeast Gal/EtOH study.
Table 1a:The raw MS data of each SCX fraction were first analysed for putative
peptide pairs based on accurate retention time and Am. Only pairs showing a
regulation >2.0 or <0.5 with intensity >25 cts/s were taken into account for directed
MS/MS experiments in order to identify their peptide sequences.

Resullts of the control study (Gal/Gal and EtOH/EtOH) show a minimal false positive
rate in the qPST approach as only 1% or less of the detected pairs was detected as
regulated peptide pairs.

Table 1b: In total, the three experiments identified 90 different peptide sequences
for 56 proteins, making an average protein coverage of 1.61 peptides per protein.
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Figure 2.  Workflow of the
analysis strategy applied to
the identification of regulated
peptides. Each fraction is
analyzed (1) in LC-MS mode for
putative peptide pair detection
and relative quantification and
(2) in targeted LC-MS/MS
experiments for peptide identifi-
cation. A final cross-matching
analysis is carried out to assign
peptide identifications to their
corresponding  peptide  pair
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Reprc of peptide regulations in the 3 repeats showed a CV of around 6%.
Table 1c: List of regulated proteins identified within the yeast study.
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Table 2. A set of selected protein regulations detected in the gPST™ application for
the yeast study was compared to other published data, e.g. ICAT [4] or general
available literature data.
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Figure 4. Flowchart of the qPST™ differential profiling of human plasma
from Alzheimer’s disease (AD) patients versus control groups. gPST™
analysis of pooled case and control samples was carried out after individual
randomised immunodepletion of 30 plasma samples of each group (AD
patients and healthy controls). The study was split into 3 parallel gPST™
experiments, each one comparing a pool of 10 AD samples to a pool of 10
control samples. The analysis of this study is ongoing.
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Table 3. Plasma qPST™ analysis. After having carried out the whole
targeted qPST analysis process (see Figure 2) to the first arm of the
experiment, the preliminary obtained regulation data matched to 8 identified
peptides. These peptide sequences represented 3 proteins, which were up
regulated in AD with fair CVs.

Conclusions

=The gPST™ strategy provides accurate differential protein
analysis in complex proteomes with a low false positive rate as
demonstrated in a well established yeast repression model
study (Figure 3 and Table 1) .

= Replicate experiments show good reproducibility and
robustness of the relative quantification of peptide pairs.
Between different peptides covering the same protein, average
CV's of regulation of around 13% were observed (Table 1c).

=The protein regulation data obtained for the yeast qPST™ study
are consistent with data available from the public domain
(Table 2).

=The application of qPST™ to differential protein profiling in

human plasma samples has provided encouraging preliminary
results in a human AD study.
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(*) The AD study samples were kindly provided by Prof. S. Lovestone, Institute of

Psychiatry, King's College London, UK.



