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Abstract

The fundamental goal of proteomics is to gain an understanding of the
expression and function of the proteome on the level of individual proteins,
on the level of defined cell types and on the level of the entire organism. In
this thesis, the human proteome is explored using membrane protein topology
prediction methods to define the human membrane proteome and by global
protein expression profiling, which relies on a complex study of the location
and expression levels of proteins in tissues and cells.

A whole-proteome analysis was performed based on the predicted protein-
coding genes of humans using a selection of membrane protein topology
prediction methods. The study used a majority decision-based method, which
estimated that approximately 26% of the human genes encode for a membrane
protein. The prediction results are displayed in a visualization tool to facilitate
the selection of antigens to be used for antibody generation.

Global protein expression profiles in a large number of cells and tissues in
the human body were analyzed for more than 4000 protein targets, based on
data from the antibody-based immunohistochemistry and immunofluorescence
methods within the framework of the Human Protein Atlas project. The results
revealed few cell-type specific proteins and a high fraction of human proteins
expressed in most cells, suggesting that cell and tissue specificity is attained by
a fine-tuned regulation of protein levels. The expression profiles were also used
to analyze the relationship between 45 cell lines by hierarchical clustering and
principal component analysis. The global protein expression patterns overall
reflected the tumor origin of the cells, and also allowed for identification of
proteins of importance for distinguishing different categories of cell lines, as
defined by phenotype of progenitor cell. In addition, the protein distribution
in 16 subcellular compartments in three of the human cell lines was mapped. A
large fraction of proteins were localized in two or more compartments and, in
line with previous results, a majority of proteins were detected in all three cell
lines.

Finally, mass spectrometry-based protein expression levels were compared
to RNA-seq-based transcript expression levels in three cell lines. Highly
ubiquitous mRNA expression was found and the changes of expression
levels between the cell lines showed high correlations between proteins and
transcripts. Large general differences in abundance of proteins from various
functional classes were observed. A comparison between categories based on
expression levels revealed that, in general, genes with varying expression levels
between the cell lines or only expressed in one cell line were highly enriched for
cell-surface proteins.

These studies show a path for a systematic analysis to characterize the
proteome in human cells, tissues and organs.
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