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Abstract

Since the publication of the complete sequence of the human genome in 2003
there has been great interest in exploring the functions of the proteins encoded
by the genes. To reveal the function of each and every protein, investigation
of protein localization at the subcellular level has become a central focus in
this research area, since the localization and function of a protein is closely
related. The objective of the studies presented in this doctoral thesis was to
systematically explore the human proteome at the subcellular level using
bioimaging and to develop techniques for validation of the results obtained.

A common imaging technique for protein detection is immunofluorescence
(IF), where antibodies are used to target proteins in fixated cells. A fixation
protocol suitable for large-scale IF studies was developed and optimized
to work for a broad set of proteins. As the technique relies on antibodies,
validation of their specificity to the target protein is crucial. A platform
based on siRNA gene silencing in combination with IF was set-up to evaluate
antibody specificity by quantitative image analysis before and after suppression
of its target protein. As a proof of concept, the platform was then used for
validation of 75 antibodies, proving it to be applicable for validation of
antibodies in a systematic manner.

Because of the fixation, there is a common concern about how well IF data
reflects the in vivo subcellular distribution of proteins. To address this, 500
proteins were tagged with green fluorescent protein (GFP) and used to compare
protein localization results between IF to those achieved using GFP tagged
proteins in live cells. It was concluded that protein localization data from
fixated cells satisfactory represented the situation in vivo and together exhibit a
powerful approach for confirming localizations of yet uncharacterized proteins.

Finally, a global analysis based on IF data of approximately 20 % of the
human proteome was performed, providing a first overview of the subcellular
landscape in three different cell lines. It was found that the intracellular
distribution of proteins is complex, with many proteins occurring in several
organelles. The results also confirmed the close relationship between protein
function and localization, which in a way further strengthens the accuracy of
the IF approach for detection of proteins at the subcellular level.
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