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Framework for Label-Free MS-Based

Overview

Purpose: The SIEVE framework is designed to support the discovery of biomarkers by facilitating
the analysis of data from large-scale, label-free, MALDI/LC-MS, differential expression proteomics
experiments. The purpose of this experiment was to apply SIEVE to the detection of differential
protein levels in a complex protein background.

Methods: The SIEVE enables users to analyze data generated on a Finnigan™ LTQ™, LTQ FT™ or
LTQ Orbitrap™ (using a VMALDI or LC ion source) according to a predefined experimental design
(typically, a two-group randomized controlled study or a single-group longitudinal study). The
automated software which includes the SIEVE framework, called BioSIEVE™, analyzes data in
order to identify a collection of peptides differentially expressed in a statistically significant manner.
This is achieved by first applying a range of published! as well as novel quantitative algorithms,
followed by a targeted SEQUEST® search for peptide identification. Spotfire® DecisionSite™
Browser is used for (Spotfire2, Inc., Somerville, MA) data visualization, allowing the user to review
the overall quantification results and interactively inspect both the reconstructed ion chromatograms
for the differentially expressed peptides, as well as the MS2 data underlying any putative
identification.

Results: While the SIEVE is routinely used to analyze clinical plasma samples at the BRIMS
Center, here we present the application of the SIEVE to a complex synthetic mixture designed to
estimate the precision and accuracy of the automated software.

FIGURE 1. Conceptual architecture of the SIEVE data-analytic pipeline: the SIEVE
constitutes a research mass/bioinformatic environment, with heavy emphasis placed
on universality (i.e. instrument, ion source, sample type, etc.). BioSIEVE software
provides interactive, linked visualization of final as well as intermediate results.
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Test mixtures were generated in which E.coli proteins constituted the complex protein background,
Apolioprotein A-l served as an internal control and Albumin served as the target (differentially
spiked-in) protein.
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Methods

Control sample: 50 pg (~1nmol) of E.coli protein, 50 pmols of Apoliprotein A-I and 50 fmols of
Albumin were enzymatically digested using a procedure described previously3.

Treatment sample: 50 pg of E.coli protein, 50 pmols of Apoliprotein A-l and 500 fmols of Albumin
were enzymatically digested using a procedure described previously2.

Five other proteins were spiked in at similar levels as the Albumin, but were not subsequently
identified by a SEQUEST search of the resulting data files. Comparison of the control sample data
files vs. the treated data files should therefore yield detection of differential expression of identified
Albumin peptides, unidentified peptides (from Albumin or the other five spiked-in proteins), while the
E.coli background and the Apoliprotein A-1 peptides should remain constant.

LC-MS Experiments: The Finnigan LTQ FT (Thermo Electron, San Jose, CA) mass spectrometer
was used in this analysis. For a detailed description of how this analysis was performed please refer
to poster Sutton et. al. An extremely small fraction of the digest material (0.75%) was used to
generate the MS data, yielding a detection of 375 attomoles of Albumin in the control, 3.75 fmols of
Albumin in the treated sample, while in a complex background of 360 fmols of apolipoprotein A-I and
360 ng of E.coli protein. Triplicate injections were acquired for both “treatment” and “control”
samples. The differential analysis performed in this experiment yielded a ratio between the E.coli
background and the changing target proteins of 20,000:1 and 2,000:1 in the control and treated
samples, respectively.

FIGURE 2. “Significance Gel”’: the primary plot generated by the SIEVE for LC/MS
experiments, represents frames — areas in the m/z by chromatographic-time plane where
differential expression is likely to have occurred — which are colored by the p-value for
significant differential expression within the frame. When the user clicks on a frame, a
report is displayed which shows the reconstructed ion chromatogram (RIC) for the given
frame in all the data files, as well as a SEQUEST report for any existing MS? data within
the frame (represented on the RIC as a slightly larger triangle). The detailed MS?2 data is
accessible by click-through as well as a link to PubMed based on the protein
description.

FIGURE 3. Chromatographic alignment is an important step in the SIEVE pipeline since
all the experimental data (dozens to hundreds of data files) are analyzed in a common
multivariate space — consequently it is important to robustly correct for any
chromatographic variation across the samples being analyzed. In this figure we show
the results of aligning two sets of triplicate runs: “control sample” (in green) vs.
“treatment sample” (in red).
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Results

As shown in Figure 4, the SIEVE can be used to analyze challenging differential experiments where
differentially detected frames are found, despite a relatively small number of replicate injections,
variations in chromatography, the complex nature of the sample and the low levels of target proteins
present in the mixtures: 375 attomoles vs. 3.75 fmols. In addition, the user can readily validate the
SIEVE estimates by clicking through to the underlying experimental data to further interrogate MS
and MS/MS spectra as needed.

For every frame generated by the SIEVE, this plot shows the mass to charge ratio around which the
frame was centered, the ratio of peak intensities between the “treatment” and “control” samples,
whether the intensity ratio was significant (p < 0.01) and the protein source identification, in cases
where the frame was searched (p < 0.05) and a high quality match was found (XCorr > 2.5).
Represented as blue lines across the plot are the median, 95% and 5% ratio quantiles of the
observed ratio distribution. As shown, despite the very low levels of Albumin present in both
samples, the difference in concentration across treatment and control is detected as significant
(purple stars, e.g. inset A). Other large and significant differences remain either unidentified (dark
gray stars) or misidentified as E. coli proteins (e.g. inset B where the MS2 scans used for the
identification were associated with a different, constant peak). In addition, when the internal
(constant) control was identified, it was associated with small or insignificant ratios (e.g. inset C).

FIGURE 4. Scatter plot displaying m/z ratio, ratio of peak intensities, whether the
intensity ratio was significant, and the protein source identification for every frame
within SIEVE.
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