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Abstract

Database searching for protein identification is an efficient approach for MSMS spectra
identification compared to the existing approaches, such as protein identification with
antibodies, and chemical degradation. In order for a database search to give reliable results, the
database itself, as well as the searching algorithm, must be reliable. However, MSMS spectra
identification is still imperfect. The Illinois Bio-Grid Mass Spectrometry Database (IBG-MSD),
an empirically derived curated and annotated database, along with multiple searching
algorithms, addresses this issue and provides a better identification tool. The currently
implemented algorithms are K-mutation algorithm, spectral contrast angle, and similarity index
algorithm. The search engine allows users to search for post-transationally modified peptide
using the K-mutation algorithm implemented. We provide a framework for high speed query
processing and for efficient identification task. This new framework allows a community of users
integratively to build a larger database and provide more efficient protein identification tools.
Keywords. Proteomics, Mass Spectrometry, Curated Data, Ecgphiata, Spectral Similarity.

1 Introduction

The ability to identify the amino acid sequence pasing a protein is crucial to
bioinformatics. ldentifying proteins is a preresgjte for studying other proteomics contexts such
as interactions, localization, modification, anadtpin folding. With the increased popularity of
Mass Spectrometry, as a powerful high-throughpot for protein identification, very large
amounts of experimental data are being produced Asult, the demand for efficient proteins
databases and powerful search tools has increasader to satisfy the needs for analyzing the
tremendous amounts of data the mass spectrometiuqas.

2 Protein Identification Approaches



The natural role of proteins as the actual fun@iomolecules of the cell, and their
responsibility for most of the biochemical actividythe cell, motivated multiple approaches for
protein identification and for studying their rdke the cell. In this paper, we present the most
salient protein identification approaches and nevieeir benefits and weaknessésme powerful
approach for protein identification is the utiliwat of antibodies. However, this approach suffers
some drawbacks when it is used on a proteomic®.stais is due to the need for a different
antibody for each target protein [7]. Furthermdhes strategy can only be applied to organisms
with complete genome sequences and abundant cDilfesee resources [7].

Chemical degradation is another protein identiftcaapproach in which proteins are boiled
in concentrated hydrochloric acid and, as a rebutiiken into their constituent amino acids. This
approach gives the amino acid composition of tha&tem; however, it does not reveal the
protein’s sequence since all the peptide bondsarptotein are broken.

The third and the primary method for protein idigcdtion is mass spectrometry. A mass
spectrometer is an instrument that measures the-toasharge (m/z) ratio of charged ions in
vacuum. Mass spectrometric sequencing is considéx@deading tool for protein sequencing
due to the high speed of spectrometric experimantsto the tremendous amount of data they
generate. The high sensitivity of mass spectroraeteables us to characterize even ions in very
low abundance. Furthermore, mass spectrometryhepreeminent advantage of its ability to
distinguish post-translational modifications, whiake modifications that take place when the
primary structure of a protein is changed aftéiais been synthesized by mRNA translation.

3 General Motivation

Given the spectra resulting from the MS/MS, thgedtive is to find out from which protein
it is derived. Two technical ways are available foeking use of the MS/MS data and
identifying the proteins, de novo sequencing artdlatse search.

3.1 Searching Approaches

De novo sequencing analyzes a spectrum in ordeet®rmine its peptide sequence. This
involves assigning ions to fragments of the pepti® novo sequencing has the advantage of
revealing novel proteins that do not exist yethie protein databases. However, the nature of the
process in which the sample goes through, includipgtic digestion and other factors, adds
tremendous amount of noise to the sample. The MSAp8ctral analysis is therefore
inappropriate for de novo sequencing since de rsmguencing requires high quality data for
accurate results. The current state of the ardénovo sequencing algorithms at best yields
inconsistent results for identifying real proteins.

On the other hand, database searches are conceirtiedomparing the main input, the
experimental mass spectra of peptides, to the dstabpectra where the best fit provides the
sequence of the experimental peptide. One of tiguaradvantages of our peptide identification
search engine is that it searches a database d@fieatip derived spectra which will be described
in more detail in a later section. In the conteiktlatabase searching for protein identification,
Mascot [5] and Sequest [1] are considered the mgpdpproaches to MS/MS spectra analysis
using database search approach. Mascot uses abpitgblaased scoring method to rank the
results of database searches. The score is bastte @robability that the observed match of
ions is a random event. Sequest uses a crossat@rebpproach for the purpose of scoring



uninterpreted product ion spectra to databaseesntfor database searches, Mascot matches
mass spectrometry data against theoretically piedligrotein sequence data. Similarly, Sequest
generates theoretical ion spectra by producing bwaths and intensity data, whereas, our search
engine searches empirically derived spectra. @rother hand, de novo [8] and Peaks [4] are
the leading searches algorithms using de novo seque De novo follows two stages in
identifying proteins: In the first step, it lookerfsignificant ions in the experimental spectra.
Next, it creates a list of m/z values and probgbitif fragmentation at the m/z value. Peaks
summarizes its approach in four steps: First, Pgakprocesses the raw MS/MS data. The
second step, computes candidate sequences. Stepréhevaluates each of the candidates of the
second step. Finally, Peaks computes a confideooee dor each of the top-scoring peptide
sequences.

3.2 Searching an Empirically Derived Curated Database

IBG-MSD [2] serves as a central repository for eroplly derived curated data. The
different components of IBG-MSD and their relatibips are illustrated in Figure 3.2.1. As
mentioned above, searching a theoretical databaseamegative impact on the performance
accuracy of the protein identification search eagWe provide a tool that removes this negative
impact by searching an empirically derived curatathbase that is capable of analyzing the high
throughput mass spectrometry data as well as semultiple simultaneous incoming queries
for experimental spectra matching and identifiqatio

Results

database

Web Service Spectral
< Comparison

<
module module

y

interface

\ Mass Spec

database

Batch import

module

Figure 1. Components of the IBG-MSD

Searching a database of valid data is a necessqmrement for obtaining reliable peptide
identification. In order to have reliable protedentification, the data stored in the database goes
through a curation process. When a user ident@fipsotein, the spectral data is sent by the IBG-
MSD administrator to a curator for data validati®ubmitted Mass Spectrum data goes through
different stages in which it is curated into a diadized format. The data validation includes, for
example, validation of MS instruments specificasi@uch as, mass spectrometer manufacturer,
spectrometer model, mass detector, etc. If thdtrefany of the validation tests is invalid, the
submitter is notified and he or she is given thende to put the data in the standardized format.

The reliability of the method used to generatéheotetical database, for the purpose of
MS/MS spectra identification, has been an issuenthaving an ideal search algorithm will not
give the best results in the case of defects inviéne a theoretical database has been generated.



Searching a theoretical database does not take aotount post-translationally modified
peptides. About 200 types of covalent modificatiofsamino acids are known and almost all
protein sequences are post-translationally modi¢dSearching the protein database for exact
matches, and disregarding any post-translationalifioations has a dramatic effect on the
identification process. In this case, the modifmatinformation available in the digest will be
treated as some type of chemical noise rather tiegiimg counted for as part of the sequence.
Searching an empirically derived database allowsarchers to find accurate matches for their
post-translational modified experimental spectra.

One of the characteristics of our identificatiomltes fast query processing. Comparing a
submitted spectra against a dozen million recoassrequire a huge amount of computing time.
To increase time efficiency, the submitted querydigded into multiple subqueries, each of
which is processed on a different node in a clugterthermore, the database is split into
fragments, each of which belongs to a different potational node. The separation allows
multiple subqueries to access the database sineoitesfy, tremendously increasing
performance.

3.3 Multiple Search Algorithms Available on Public Websites

Multiple search algorithms have been developedHerpurpose of comparing experimental
spectra with database spectra. Spectral ContragjleAtreats a given spectrum as a
multidimensional vector whose dimensions are tlexspm’s peaks [9]. Comparing two spectra
is represented here by measuring ¢hangle between two vectors in multidimensional space
The size of the angle, which ranges between 0 to 90 degrees, tediche similarity between
the two compared spectra. The smaller the anglegrbater the similarity between the spectra is.

K-mutation algorithm, developed by Pevzner, et [@], is another algorithm tool
implemented by IBG. Starting from just after thenthesis phase, until the mass spectrometry
data is generated, proteins are exposed to mulmolgifications that can make changes to the
side chain and the main chain of amino acids. Thautation algorithm takes an experimental
spectrum and searches the database for a spettatiis the best match among spectra that are
at most k mutations or modifications apart from da¢abase spectra. The K-mutation algorithm
uses dynamic programming for spectral alignment. iBgreasing the variable k, spectral
alignment allows detecting more and more subtlelaiities between compared spectra.

The third algorithm is the Similarity Index algimn, developed by Wan, et al. This
algorithm performs comparison in signal intensigythe smaller intensity for a set of peaks that
fall within a given range of masses.

In order to facilitate the process of spectra sgbimn and protein identification, a user-
friendly interface is available. The web interfacairrently allows submitting experimental
spectra in DTA format and gives users the choiceuohing one of the three implemented
algorithms for identification. A detailed reportinding the matching spectra, from the database,
their corresponding accession numbers, and otlevanet data is produced and returned to the
user.

4 Future Work

In the context of Mass Spectrometry, one of thesent and future goals of lllinois Bio-Grid
is building a community of users and submitterslafger user group will contribute to the



addition of newly identified protein to the databawhich in turn, will provide researchers with
a better searching tool and allow a higher chancedentifying their experimental spectra. We
are currently working on optimizing the K-Mutatiafgorithm to work in quadratic time instead
of the current cubic running time. In addition, e working on developing this algorithm to
count for peaks’ intensity.

5 Conclusion

Searching a database of empirically derived cdrd#da increases the chances of identifying
experimental spectra, provides a repository ofdvalata, and unlike searching theoretical
databases, allows identifying post-translationailydified proteins. We hope to expand the user
community of Mass Spectrometry to assist in prowgda larger database and more efficient
searching tools.
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