Introduction
Several mass spectrometry-based stable isotope-
labeling technologies have been developed for
global proteome profiling, These include methods
eling, such as “N/5N and SILAC
(wale Isotope Labeling with Amino Acids in Cell
Culture), and in vitro isotope labeling of target
peptides at their N/C terminal or at specific residues.
In this work we describe a new software, PEAKS-Q,
designed to automatically identify and quanmy
proteins from these isotope labeling experiments. The
software is written in Java and includes an intuitive
graphical user interface.

Methods

The following functions are necessary:

1) Data used to
merge spectra with similar retention time and m/z values,
determine charge state when necessary, remove poor
quality MS/MS scans, and remove noise, centroid and
deconvolute data within MS/MS scans.

2) Protein identification: Peptides are identified from
MS/MS data with the PEAKS protein identification
algorithms.

3) Protein quantification: the ratio of each identified labeled
peptide is calculated from the intensities of MS peaks that
differ in mass by the mass of the label. The abundance of a
peptide is obtained by averaging ratios from all observed
charge state species of that peptide. Statistical methods are
then applied to calculate the relative protein abundance and
its associated standard deviation.

Experimental Results: BSA with cleavable ICAT
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Removal of Deficient MS/MS spectra prior to
analysis

Electrical noise, poor detection and contaminants
scanned by the MS mean that only a small portion
of data are quality MS/MS spectra representing
peptides. Database search engines and de novo
sequencing tools are adequate in discarding the
bad spectra; nevertheless, false positives abound,

and plenty of time is waste

minates

poor

d. Hence a filter that
spectra before the analysis can

significantly improve throughput and robustness

ina quantification software.

The algorithm included in the software had
99.61% accuracy in finding spectra of deficient
quality and took only 130 seconds to reduce a
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Peptide charge determination - —

Usually, we examine the initial MS survey scan
of a peptide to determine the peptide precursor
charge state. But we cannot use this method
with low resolution data, as from most ion-trap
instruments. If we let a protein identification
tool decide the charge, we increase the risk of
false positive matches, and triple the search
time. As such, an algorithm is built into the
software to find precursor charges with
confidece, using low resolution tandem mass
spectra data alone. The algorithm took less than
four seconds to correctly assign charge on 313
Spectra, with 92% accuracy?.
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Protein quantification

“The ratio of each identified labeled peptide is calculated from the intensities of
MS peaks that differ in mass by the mass of the heavy and light labels. The
abundance of a peptide is obtained by averaging the ratios from all the
observed charge state of that peptide. Dixonis test algorithm is used to
remove extreme values (outliers) from a continuous data set. Statistical
methods are then applied to calculate the relative protein abundance and its
associated log deviation.

Let | denote peak intensity where I“ and I denote light and heavy peak
intensities respectively. &°Z denotes all isotopic peak groups where 076 is the
charge of the peptide. Assume a peptide is eluted between a range of retention
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time range (T, to T,) where 10 k O n, so that | and 1 can be written as
follows:
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And the ratios (r) of peptide can be calculated by the following equation:
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Final Results: Protein Ratios
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Experimental Results: Genome BC Proteomics Centre; 5 to 1 BSA ICAT
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Isotope

The software contains a new algorithm to predict the isotope distribution
of a given peptide. The isotope abundance distribution is useful for
comparing observed mass spectrometry data in helping to predict the
number of atoms of a given element in the formula, and to distinguish
signal peaks from chemical noise. The abundance distribution D is
calculated using the observed natural abundance of each element in the
formula, and convoluting these natural occurring abundances to predict
the experimental iso!cpic abundances
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Removal of outliers

If: that the abundance ratio of any pe g te
a protein is representative of that proteinis abundance ratio, then in
theory it follows that all peptides belonging to a protein should have
the same abundance ratio. An outlier is a relatively small or large data
point within a data set where these values are statistically different
from the main body of the data. Outliers should be removed when
calculating the protein abundance.

To find and remove outliers, the software computes the ratio between
the difference of the minimum [or maximum value] with its neighbor
value and the difference of the maximum and minimum values. This
ratio should follow a certain distribution. The outlying minimum [or
maximum] value is removed from the data set If does not follow the
supported distribution?.

of two which are less than n, then combine them together to reproduce
nis abundance.

The method is very fast, the result is very accurate, and the advantage
is memory-efficiency when calculating distributions for extremely
large proteins/peptides. For protein gi|7460236], whose molecular
mass is 1184139.008Da, and has 13288 amino acids, the calculation
time was less than seven seconds.

Results and conclusions
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Experimental Results: Genome BC Proteomics Centre; E. Coli Complex mixture, ICAT

with the isotopically light and heavy ICAT reagent

the light and the heavy isotopic forms. The range of ratios
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search against the NCBI NR protein database with the taxonomy defined as E. coli. Sixty five (65) proteins were identified from 1055
tandem mass spectra of ICAT labeled peptide pairs. Of all identified peptices, 96 peptides had acceptable chromatographic peaks in both

determined by the software was betweer
peptide abundance ratios were within one log deviation. Sixieen (16) proteins had significant abundance changes, as measured by

7.73 and 0.06. About 879 of the

e e SRR

capable of focusing and quantifying proteins of interest from a very large background.
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quantification of peptides from mass spectrometry. s protein
quantification accruacy is well within experimental error, and
tosee.
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