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INTRODUCTION

Mass spectrometry (MS)-based proteomics is the most widely used
high-throughput technology for identification, quantification,
and characterization of the proteins that constitute a proteome
(Bensimon etal., 2012). Currently, there is a large amount of
sequence information for several plant species that has been gen-
erated from MS-based proteomics projects (Cao etal., 2011). As
a further result important meta-information has been obtained,
such as sub-cellular localization and semi-quantitative protein
levels, but data interpretation of complex experiments is still
a challenge. Thus sharing empirical data is becoming increas-
ingly important and database development will be an ongoing
process.

The ProMEX library (http://ProMEX.pph.univie.ac.at/
ProMEX/) launched in 2007 (Hummel etal.,, 2007), enables
spectral identification of unknown samples. Moreover, the
database provides access to information of previously identi-
fied modifications as well as metadata of the spectra origi-
nating experiments. At present, the library contains 30,483
spectra of 12,119 different Proteins and 25,311 different
peptides to date. The spectral information of Arabidop-
sis thaliana is also connected to the MASCP Gator (Joshi
etal., 2011).

MASS SPECTRAL INFORMATION

Previously identified high quality spectra provide information
about sequence coverage as well as missing sequence informa-
tion. The sequence coverage may give semi-quantitative infor-
mation about the abundance of a protein or peptide while
missing peptide sequences could provide important information
about unknown modifications. In addition, the most common
post-translational modifications such as oxidation and phos-
phorylation are indicated, if present. Moreover, the peptide
fragment ions indicated by a, b, ¢, x, y, or z can be visualized
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to get an impression of the quality of the displayed spectra
(Figure 1).

There is also the possibility to perform an advanced text
search, which allows for the extraction of information about tar-
get proteins such as protein accession numbers, peptide sequences,
organism — also experimental data like publications, tissues, com-
partments, and stress factors can be searched. In addition, multiple
terms can be combined together with the Boolean operators to
form a more complex query.

PEPTIDE/PROTEIN IDENTIFICATION

ProMEX allows for the identification of proteins/peptides by
matching spectra of unknown shotgun analyses against the ref-
erence spectra of the library “spectrum-to-spectrum search.” The
advantages of spectrum-to-spectrum-searching are on the one
hand a more simple visual discrimination of false positive iden-
tifications and on the other hand search time reduction due to
smaller number of peptide sequence information.

DATABASE STRUCTURE

ProMEX was designed in a Linux/Apache environment using
Php5, JavaScript, Python, and C++ for dynamic generation of
HTML pages, core database generation, and the implementation
of the search algorithms. The database structure can be divided
into three areas: Spectra Information, Protein Annotation Infor-
mation, and Experimental Information. Although these sections
are linked together, they are independent enough to allow for the
update of each without affecting the others.

EXPERIMENTAL METADATA
In ProMEX the spectral information is linked to experimental
metadata viz. localizations like species, tissues, or treatment con-
ditions like “drought stress” and MS instrumentation such as
Orbitrap, LTQ, and TSQ.
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FIGURE 1 | MS/MS spectrum of peptide DLVALSGAHTIGQAR with precursor mass at 754.915. The dominant fragments ions (b, y) are labeled. The
experimental conditions are shown below the spectrum.

CASE EXAMPLE

ProMEX provides a web-based view on the underlying reference
database. The main screen can be divided into four sub win-
dows. If you wish to see data from a specific species you can
simply click on the corresponding image link (window bottom
right) and all available annotation data for that species will be
retrieved. The records are listed in a table on the left side of
the window. Selecting a link from the first column opens a win-
dow above the current table. The new window contains, among
other things, the peptide- and protein sequence information of
the selected entry. Clicking on a peptide sequence will open
another window, showing both the corresponding spectra and the
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corresponding experimental data below each spectra (see also
Figure 1).

FUTURE DIRECTIONS
We will keep working on the program interface and usability
improvement. The ProMEX database is continuously updated
with new in-house generated data. In this context, a next step
will be the implementation of an interface for loading external
data into ProMEX.
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