Universal Proteomics tools for Protein Quantitation and Data Management
— Xome & Mass Navigator
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1 Introduction

In post-genomic era, functional genomics have performed to understand complex biological processes.
Proteomics, as a tool for comprehensive analysis of proteins, has been used for protein expression, localization,
post-translation modification and protein-protein interaction. Since protein expression is dynamically controlled,
the quantitative information is important to address the function of proteins.

There are several approaches for quantitative proteomics. Seminal work on differential in vivo isotopic labeling
proteins by Oda et al [1] has led to the development of tools such as isotope coded affinity tags (ICAT) [2]. In
ICAT strategy, several drawbacks have been reported such as time-tedious labeling steps, less reproducibility,
ambiguous ms/ms fragmentation and expensive reagents, and in vivo labeling method has faced the difficulty to
label with isotopes in animal tissues. Eisai Co., Ltd. developed the new quantitation method for animal tissues,
which were termed BISCUIT method [3]. This procedure should be applicable to variety of cell systems and
tissues, so that BISCUIT cells might be the global standard for in vivo labeling quantitative proteomics.

One of the most powerful analytical approaches for quantitative proteomics is nano-scale liquid chromatography
coupled with tandem mass spectrometry (nano LC/MS/MS). Because nano LC/MS/MS generates a huge amount
of data, it needs an automated approach to extract the required information efficiently. Nowadays there are
several software applications for protein identification from MS/MS data, however, the software tailored for
protein quantitation are very limited. In this study, we have developed two software packages, named “Xome”
and “Mass Navigator”, to extract the data and to perform quantitative proteomics using stable isotope-based
approaches such as BISCUIT.
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identification module. This module is used not only to identify protein but also to summarize the result tables
by pre-defined condition.

(3) Quantitation module: This module searches a pair of peptides of the same sequence with and without labeling
by using user-defined stable isotopes, and calculates these quantitative values. In this process, as well as m/z
and peak intensities, we consider the elution time from LC and extract the mass chromatograms of peptides to
obtain peak area of peptides. We calculate only the area of target
peptide by dividing overlapped parts if two peaks are the same m/z
and are accidentally eluted at the same time.

(4) Xome Database: The results of identification and quantitation are
stored in RDBMS.

(5) Annotation Database: Public protein function database is downloaded
automatically, and linked with identified proteins in the Xome
Database.

“Xome” is written in Java servlet architecture, is accessed via WWW
browser (e.g. Internet Explorer) from client computers. The peak-picking
and quantitation module is written in C++ and those outputs are stored the
Oracle database. Since the results stored in database is able to output as
XML or CSV format, the knowledge is shared with any other systems.

2.2 Mass Navigator

“Mass Navigator” is a mass spectrum data management suite. This is
written in C++ and works on Windows 2000/XP. The chromatogram
viewer is one of its components. In this view, it can display the area of
peptide quantitated by Xome server. Furthermore, manual quantitation and
correction are available since this software has the same quantitation
algorithm as Xome. So, this viewer is helpful for valid the data of
LC-MS/MS.

Figure 3: Mass Navigator screen shot

3 Discussions

In quantitative proteomics using stable isotopes, the key points are to select the pair of peaks, labeled and
unlabeled, correctly, and measure their peak intensities.

Peak-picking algorithm of Xome and Mass Navigator focuses on improving accuracy by subtracting the noise
of spectrum, detecting isotope clusters of the target peak and normalizing baseline of chromatogram. Therefore,
the false positive of protein identification is decreased, the search time is reduced, and the calculated peak area for
quantitative data is more accurate.

Xome Database is also helpful for increasing the accuracy of identification and quantitation of proteins. The
result tables filtered by user-defined threshold are helpful for creating higher reliable database and eliminating
redundant proteins, which have been already registered. Additionally, by storing unassigned spectra in the
database, they can be identified after protein database updated, and then quantified.
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