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Abstract

Recent advances in genomics, which outstanding achievements were exemplified
by the complete sequencing of the human genome provided the infrastructure
and information enabling the development of several proteomic technologies.
Currently no single proteomic analysis strategy can sufficiently address the
question of how the proteome is organised in terms of numerical complexity and
complexity generated by the protein-protein interactions forming supramolecular
complexes within the cell. In order to bring a detailed structural/functional
picture of these complexes in whole genomes, cells, organelles or in normal and
pathological states several proteomic strategies can be utilised. Combination
of technologies will bring a more detailed answer to what are the components
of certain cellular pathways (e.g.: targets of kinases/phosphatases, cytoskeletal
proteins, signalling molecules), how do they interconnect, how are they modified
in the cell and what are the roles of several complex components in normal and
disease conditions. These types of studies depend on fast and high throughput
methods of protein identification. One of the most common methods of analysis
is mass spectrometric technique called peptide mapping. Peptide mapping is the
comparison of mass spectrometrically determined peptide masses of a sequence
specific digest of a single protein or peptide of interest with peptide masses
predicted from genomic databases. In this work several contributions to the
computational analysis of mass spectrometric data are presented. During the
course of my studies I looked at the distribution of peptide masses in sequence
specific protein sequence digests and developed a simple mathematical model
dealing with peptide mass cluster centre location. I have introduced and studied
the methods of calibration of mass spectrometric peak-list without resorting to
internal or external calibration samples. Of importance is also contribution of
this work to the calibration of data produced in high throughput experiments. In
addition, I studied how filtering of non-peptide peaks influences the identification
rates in mass spectrometric instruments. Furthermore, I focused my studies
on measures of spectra similarity which can be used to acquire supplementary

information, increasing the sensitivity and specificity of database searches.
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M{EY} with N defined by the user and ¢ = 1 in case of Hubert’s
Gamma or ¢ = 0 otherwise. . . . . .. .. .. ... ... ... ..
Peptide (PMF) peak-list and peptide fragment ions (MS/MS)
peak-list properties. MME — mass measurement error. The rows 1
and 4 provide a five-number summary and the mean of the peak-
lists lengths (number of peaks in peak-list) in the dataset. Rows 2,3
(PMF) and 5,6 (MS/MS) provide the five-number summary and
the mean of the number of matches observed if comparing within
and between cluster peak-lists pairs. Min. - minimum, 1st Qu. -
first quartile, 3rd Qu. - third quartile, Max. - maximum . . . . .
The adjusted R? of the model |AI| ~ I + I? for the raw, squared
(Tabb et al. (5)) and log transformated peak intensities. PMF —
PMF-data; MS/MS - MS/MS data. . . . ... ... ........
Factors considered in the comparison process and their levels.
Column 1 — Factors: identification of factors, Column 2 — Levels:
short summary of the levels (For more details please refer to the
Methods section). Column 3 — Number: number of levels. Int. —

comparisons considering the intensities; Bin. — binary measures.
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data. For each of the 2688 pairwise peak-list comparison approaches,
sensitivity-PAUC (sensitivity given FP-rate € [0,0.1]) and specificity-
PAUC (specificity given sensitivity € [0.9,1]) (Figure 5.5) were
determined. A partitioning of sums of squares was performed
analogously to analysis of variance. = Column names: Factors —
identification of factors ; df — degrees of freedom (DF, number of factor
levels - 1); %SSQ — relative sum of squares (%SSQ = SSQ/ > SSQ);
%MSQ — relative mean sum of squares (%MSQ = MSQ/>  MSQ),
where %MSQ = MSQ/ > MSQ . %MSQ measures the importance of
a specific factor for the size of sensitivity-PAUC and specificity-PAUC.
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noncross — non crossing matching, length — alignment length, 6 — weight
of non-matching peaks, trans — peak intensity transformation, residual —
unexplained %SSQ or %MSQ, total — column sum of %SSQ, df, %MSQ. 115

Xvi



Nomenclature

2D — PAGE Two Dimensional Polyacrylamide Gel Electrophoresis
mod modulo operator

ANOV A analysis of variance

CID collision induced dissociation

DF'T Discrete Fourier Transformation

ESI Electrospray lonisation

EST Expressed Sequence Tag

FN  false negative

FP  false positive

HPLC high performance liquid chromatography
m/z mass over charge

MALDI matrix assisted laser desorption/ionisation
MS Mass Spectrometry

M ST minimum spanning tree

OO  Object-Oriented

PAUC partial area of interest under ROC curve
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PBMS Probability based mascot score
PMF Peptide Mass Fingerprinting
ROC' receiver operator characteristic
SDS Sodium dodcylsulphate

TN  true negative

TOF time of flight

TP true positive

TPS Thin-Plate Spline

LR/PR peptide rule calibration
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