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1 Introduction.

Mass spectrometry represents a leading technology for examining the functional states of
proteins in cells [1], [3]. In a typical LC/MS/MS experiment, a protein mixture of interest
is digested into peptides which are separated, ionized and introduced into mass spectrome-
ter. Selected peptide ions are isolated and fragmented through collision-induced dissociation
(CID). The resultant fragments are then measured for their m/z and intensity values. The
fragmentation pattern is then used to identify the parent peptide. The most practical and
widely used technique is peptide identification (peptides are then matched to correspond-
ing proteins) through database search (SEQUEST, Mascot software programs). In such
methods, peptides from a sequence database are compared to the experimental data. Specif-
ically, theoretical mass spectra are first generated for a set of candidate peptides, and then
compared with the experimental spectra using a matching function.

SEQUEST [2] represents one of the most widely used and accurate programs for pep-
tide identification via database searches. Developed several years ago, SEQUEST was not
specifically designed for large-scale applications. One of the limiting factors in meeting the
needs for genome-scale applications is its (lack of) computing speed.

Here we present a new method with high discriminating power for searching protein
sequence databases for peptide identification. The accuracy compares favorably to the SE-
QUEST scoring function, with better separation between correct and incorrect matches. The
algorithm also runs significantly faster than the SEQUEST program, by roughly about two
orders of magnitude.

2 The Model.

First we introduce a Luck function, that has physical sence of quantitative measure of luck
to obtain a certain outcome wishk, given any unimodal probability distribution of possible
outcomes:

Luck(wishk) = Sign(wishk − mode) log
P (mode)

P (wishk)
, (1)
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with mode being the result that occurs most frequently, and Sign(x) being the sign function
(1 for positive x, 0 for x = 0, and -1 for negative x).

We developed a model derives the probability distribution of degree of match between
a given experimental spectrum (produced by the peptide of interest, the true peptide) and
a theoretical spectrum from a database peptide, assuming that the theoretical spectrum is
produced by a different, unrelated peptide. The resulting probability is a function of the
experimental spectrum density, the length of the interval on which the experimental peaks
are distributed, the number of theoretical peaks, and their distribution pattern. The model
does not take into account the intensity of peaks and the size of the database.

Based on the probability distribution above, we calculate the Luck of the match between
each experimental-theoretical spectral pair, and use it as a scoring function for the match.
As the experimental spectrum has consistently higher degree of match with the theoretical
spectrum of the true peptide than with that of an unrelated peptide, we get a substantially
higher Luck score for the correct match (i.e., you are exceptionally lucky to see that degree
of match, if you assume that the process, which generates the match, is random).

3 The experiment and the results.

We have tested our algorithm on a data set of 3771 experimental spectra that resulted from
performing an LC-MS/MS experiment on a protein mixture of eight purified proteins.Our
peptide database consisted of all possible tryptic peptides generated from the eight target
proteins (having 803 peptides), and from the 2873 S. oneidensis proteins (having 289,166
peptides). The latter was used as a distractor dataset.

Among 1053 spectra of parent charge one, we identified 526 correctly versus 532 found
by Sequest. Among the remaining 2721 spectra of parent charge two and three, we identified
496 versus SEQUEST’s 505 for parent charge two, and 221 versus SEQUEST’s 227 for parent
charge three. The spectra, that SEQUEST identified and Luck function did not, have very
low Xcorr score. In terms of sensitivity – specificity analysis, Luck function performs better
than SEQUEST due to greater separation between correct and incorrect identifications.

4 References and bibliography.
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