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Abstract: The SwePep database is designed for endog-
enous peptides and mass spectrometry. It contains infor-
mation about the peptides such as mass, p/, precursor
protein and potential post-translational modifications.
Here, we have improved and extended the SwePep
database with tandem mass spectra, by adding a locally
curated version of the global proteome machine database
(GPMDB). In peptidomic experiment practice, many pep-
tide sequences contain multiple tandem mass spectra
with different quality. The new tandem mass spectra
database in SwePep enables validation of low quality
spectra using high quality tandem mass spectra. The
validation is performed by comparing the fragmentation
patterns of the two spectra using algorithms for calculat-
ing the correlation coefficient between the spectra. The
present study is the first step in developing a tandem
spectrum database for endogenous peptides that can be
used for spectrum-to-spectrum identifications instead of
peptide identifications using traditional protein sequence
database searches.
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Introduction

The recent advances in both mass spectrometers and as-
sisting software have made the sequencing and identification
of proteins, using enzymatically cleaved peptides, somewhat
straightforward. However, the identification of endogenous
peptides still remains a difficult and time-consuming task,
because endogenous peptide precursors are often processed
in several steps by different enzymes.' Some of these enzymes
have unknown specificity, making it difficult to accurately
predict the sequences of mature endogenous peptides. There-
fore, when searching for endogenous peptides using tandem
mass spectrometry data, the entire proteome is often cleaved
assuming an enzyme with no specificity (i.e., cleaving between
any pair of amino acids). This creates a very large search space,
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decreasing the sensitivity of identification, and peptides can
only be identified when there is strong experimental evidence.
In a typical peptidomics experiment, many hundreds of pep-
tides are detected,? but only an order of magnitude less are
identified confidently.

Many peptides are identified over and over again from
different experiments by searching experimental spectra against
sequence collections with search engines such as X! Tandem?®
and Mascot.* Since only a small amount of the generated
tandem mass spectra in a typical peptidomics experiment are
assigned to a sequence, the time and effort should be used to
identifying those spectra instead of identifying the same
peptides repeatedly. A possible solution for this problem is to
collect tandem mass spectra and then use spectral library
algorithms™® to match experimental spectra to already identi-
fied spectra. This is a fast way to reidentify already identified
peptides and the effort can instead be put into identifying
sequences for the large part of the spectra that never get
assigned to a sequence. To make these algorithms useful, it is
necessary to have large collections of spectra. In fact, a growing
number of tandem mass spectra from peptides are publicly
available in databases.”® However, these databases mainly
contain proteolytic peptides produced by trypsin digestion and
are not designed for endogenously processed peptides.

The SwePep (www.swepep.org) database was established to
alleviate the identification problems for endogenous peptides.'®!!
Here, we report the extension of SwePep to include collision
induced dissociation (CID) tandem mass spectra to allow for
easier validation of identification results for endogenous pep-
tides. The MS/MS database was created by adding a locally
curated version of the global proteome machine database.” This
is also a first step toward spectrum-to-spectrum identifications
of endogenous peptides. In the future it is envisioned that the
MS/MS database will be further extended with additional CID
mass spectra and the complementary ETD/ECD'?7'* mass
spectra.

The SwePep Database. SwePep is a database for endogenous
peptides. The database contains information about the peptide
precursors, pl, their post-translational modifications as well as
references from the literature. To ensure that the information
in the SwePep database is reliable, all peptides stored in
SwePep are sorted into three different classes: (i) biologically
active peptides, (ii) potentially biologically active peptides, and
(iii) uncharacterized peptides. The group of biologically active
peptides contains neuropeptides and hormones with previously
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described and documented biological functions. Peptides that
are classified as potentially biologically active peptides are
identified peptides, from samples that have been instantly
proteolytically inactivated post mortem or post sampling,!>'¢
with characteristics similar to the neuropeptides and hormones;
that is, they have specific convertase processing sites™'”'® and/
or modifications such as C-terminal amidation and N-terminal
acetylation, that are common on bioactive peptides.'” However,
their potential biological function and activity require inves-
tigation. The last group, uncharacterized peptides, contain
peptides which are confidently identified but do not fulfill the
criteria of the groups above.

SwePep has been used in different ways for identifying
endogenous peptides from complex tissue samples utilizing
mass spectrometry. In the first study,'® the masses obtained
from experimental peptides were compared with the masses
of annotated peptides in SwePep and then the identities were
verified using tandem mass spectrometry. Performing large
database searches using unspecific cleavage and allowing for
a number of different post-translational modifications is time-
consuming and the result of the search is often poor. However,
when comparing the experimental peptide masses against the
theoretical peptide masses using SwePep it was possible to add
different modifications. This allowed for rapid selection of
potentially modified peptides. The selected candidates could
then be verified by tandem mass spectrometry. This procedure
was very time-efficient compared to the standard approach
since only a small number of tandem mass spectra need to be
inspected.

In the second study,'' the SwePep database was used to
construct three targeted sequence collections that mimic the
peptidomic samples: SwePep precursors, SwePep peptides, and
SwePep predicted. The neuropeptide searches against these
three sequence collections were compared with searches
against the entire mouse proteome, which is commonly used
to identify neuropeptides. Three times as many peptides were
identified, with a false positive rate <1%, from these new
sequence collections compared to the mouse proteome. The
new sequence collections also made it possible to identify 27
previously uncharacterized peptides and potentially bioactive
neuropeptides. These novel peptides were cleaved from the
peptide precursors at sites that are characteristic for pro-
hormone convertases,"'”'® and some of them have post-
translational modifications that are characteristic for neuropep-
tides.'”

In the present study, we have extended the SwePep database
to include tandem mass spectra of identified endogenous
peptides. Tandem mass spectra of 219 unique peptides that
have been identified with a significant score have been added
to the SwePep database and the peptides are linked to their
corresponding tandem mass spectra. In total, there are 2700
tandem mass spectra identified using X! Tandem, from 389
unique peptides, and 219 of them have a score over the
significance threshold suggested by the search engine. The
tandem mass spectra with a below threshold score are only
stored in the MS/MS database, but are possible to search for
according to mass or sequence. The tandem mass spectra in
SwePep can be used for validating peptide identification results
and for designing targeted experiments to monitor selected
peptides.
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Figure 1. Correlation coefficients for the y-ions and b-ions series
between high score tandem mass spectra and low score tandem
mass spectra plotted against the X! Tandem score. (A) The
correlation coefficients for the peptide SANSNPAMAPRE and (B)
the peptide RPKPQQFFGLM-amide.

Material and Methods

Software Architecture. SwePep is a Java Enterprise Edition
(J2EE) application. It consists of a dynamic Web interface, a
relational database and a business tier, which uses the client-
input from the Web interface to construct and execute queries
to the database. The Web interface was developed using HTML
and the dynamic content using Java ServerPages (JSP).

Data Model. The SwePep database is implemented as a
relational database using MySql database management system.
SwePep is specifically designed for endogenous peptides. Every
peptide in the database is connected to the following informa-
tion: name, sequence, precursor protein, position in precursor
sequence, modifications, location, organisms, reference, mass
and isoelectric point (p]).

Information Collection. The information in SwePep is
collected from three different sources: experimental data,!!
peptide information from UniProt'? (version 54.0, released July
2007), and peer reviewed publications. The database is updated
continuously. For all the peptides in the SwePep database,
monoisotopic mass, average mass, and p?° have been calcu-
lated according to their amino acid sequences.

Peptide and precursor protein data have been collected from
UniProt by downloading the UniProt database in XML format.
The XML file was searched for entries which had one or more
annotated peptide. All entries with annotated peptides were
saved into a new file which was used to automatically insert
the entries into SwePep.

The SwePep database is also populated with uncharacterized
peptides from brain tissue, identified in our laboratory from
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Figure 2. (A) Tandem mass spectrum of the peptide YGGFMRSL, derived from the Proenkephalin precursor, which was identified with
high confidence, log(e) = —4.0. (B) Tandem mass spectrum that has been assigned with the same sequence, but the score of the
peptide-spectrum match is log(e) = —1.4, which is below the threshold suggested by the search engine. (C) The correlation of the y-ion
and the b-ion intensities of these two spectra. The Pearson correlation coefficients were 0.978 for the y-ions and 0.914 for the b-ions.

different species, mainly mouse. For this data set, SwePep
contains information about the experimental conditions such
as sample information (i.e., species, treatment) and tandem
mass spectra.

Peptide Identification Using Tandem Mass Spectrometry.
The Global Proteome Machine Database” (gpmDB) is used to
visualize tandem mass spectra of endogenous peptides. The
gpmDB is an open-source system developed for efficient storing
and sharing proteomics data. The gpmDB was used to store
search result from X! Tandem.?

The CID tandem mass spectra stored in SwePep were
collected from analysis of different brain regions from the
mouse. They were analyzed on an LTQ (Thermo Fisher

Scientific) mass spectrometer by capillary liquid chromatog-
raphy electrospray ionization tandem mass spectrometry
(nanoLC-ESI MS/MS)>'?! and identified by searching the
spectra against SwePep Mouse precursors'' using X! Tandem.
All identifications are stored in the database, even if the scores
are below the suggested threshold (log(e) > —2).

Statistical Analysis. Spectrum validation was performed by
calculating the Pearson correlation coefficient** between two
spectra. The correlation coefficient was calculated for the b-
and y-ions series separately by taking the log intensities of the
b- and y-ions that were detected in both spectra. A perl script
for calculating the correlation between two tandem mass
spectra is downloadable from the SwePep Web page.

Journal of Proteome Research ¢ Vol. xxx, No. xx, XXXX C
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Figure 3. Two tandem mass spectra assigned to the peptide QYDGVAELDQLLHY (log(e) = —8.2) in (A) and Pyro-Glu(Q)YDGVAELDQLLHY

(log(e) = —2.6) in (B), derived from the Secretogranin | precursor. (C) The intensity of the y-ion series of the modified and unmodified
peptides plotted against each other and the Pearson correlation coefficient is calculated to be 0.959.

Results and Discussions

The tandem mass spectra stored in the SwePep database can
be used as references when verifying poor fragmented spectra
or spectra containing unassigned peaks. One possible way to
verify a low score spectrum is by comparing the abundance of
y-ions and b-ions for both the low score spectrum and a high
score spectrum. Then the correlation coefficient between ion
series of the spectra is calculated to establish the similarity
between their fragmentation patterns. To investigate if the
correlation coefficient is a good measurement of the similarity
between spectra, the correlation coefficient was calculated for
spectra assigned with the same sequence. This procedure was
used for two different peptide sequences, SANSNPAMAPRE
(SMS 28(1—12)) (Figure 1A) and RPKPQQFFGLM-amide (Sub-
stance P) (Figure 1B). All spectra were compared with the
spectrum with the highest score, by calculating the correlation
coefficient?” between the log(intensities) of the y- and b-ion
series. Since Substance P has two basic amino acids close to
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the N-terminal of the peptide, the b-ions are more abundant
than the y-ions,?® and therefore, only the b-ions are used for
calculating the correlation between the spectra. The correlation
between the spectra were high even when the score decreased,
which suggests that the correlation coefficient is a good
measure for the similarity of two spectra and that this proce-
dure can be used for verification of the peptide sequence.

Another strength of the SwePep database was demonstrated
when one peptide was identified with high confidence tandem
mass spectrum in one experiment, while in another experi-
ment, the peptide was identified with a below threshold score
(Figure 2A,B). By comparing the fragmentation patterns of the
two spectra, it was clear that they were very similar except for
the noise peaks in the second spectrum which lowered its score
because of their relatively high abundance. Using the present
method, the correlations coefficients®* were 0.98 for the y-ions
and 0.91 for the b-ions, inferring a high similarity between the
two spectra (Figure 2C). One could verify the second identifica-
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tion because the fragmentation pattern is similar between the
two spectra. The major difference between the two spectra is
that the second spectrum contains some unidentified peaks.
By looking at the sum of the intensities of the y- and b-ions in
the tandem mass spectra (180 516 for the MS/MS with the high
score and 329 for the MS/MS with the lower score), it becomes
clear that the noise in the second spectrum was due to the
overall low intensity in the spectrum. Without having the high
quality spectrum at hand, it would not be possible to verify
the noise contaminated spectrum using the standard method
for peptide identification.

Many of the peptide sequences are assigned to multiple
spectra in the SwePep database, which makes it possible to
study the fragmentation pattern for a specific peptide. Some
of the peptides are identified in more than one charge state
and both with and without post-translational modifications.
This information could be used for comparing fragmentation
patterns of peptides.

The peptide QYDGVAELDQLLHY derived from the Secre-
togranin I precursor is often identified both with (Figure 3A)
and without (Figure 3B) a pyro-glutamine acid at the N-
terminal. The modified peptide was identified with a lower
score than the unmodified peptide and needed to be validated.
One possible way to validate the identity of the modified
peptide is by comparing the intensities of the y-ion series of
the modified and unmodified peptide. By plotting the log(in-
tensities) of both y-ion series against each other and calculating
the correlation coefficient, it was possible to determine if the
y-ion series are the same or not. The correlation coefficient
was 0.96 which indicated that the y-ion series have a strong
correlation and it was most likely that the identity of the
modified peptide was correct.

Conclusions

In the present study, CID tandem mass spectra of endog-
enous peptides have been added to the SwePep database. These
spectra can be used for validation of other experimentally
derived spectra or for studying fragmentation patterns of
peptides without specific enzymatic cleavage sites. This is also
the first step in developing a tandem spectrum database for
endogenous peptides that can be used for spectrum-to-
spectrum identifications instead of peptide identifications using
database searches.
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