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Abstract

This thesis describes the development of sensitive and high-resolution
fluorescence spectroscopic and microscopic techniques and their application
to probe biomolecules and their interactions in solution, lipid membrane
model systems and in cells. Paper I-IV are largely focused on methodological
developments. In paper I, a new fluorescence method based on fluorescence
correlation spectroscopy (FCS) for detecting single particles was realized,
requiring no fluorescent labeling of the particles. The method can yield
information both about the diffusion properties of the particles as well as
about their volumes. In paper II, a modified fluorescence cross correlation
spectroscopy procedure with well characterized instrumental calibration was
developed and applied to study cis interactions between an inhibitory receptor
and its Major Histocompatibility Complex class I ligand molecule, both within
the same cellular membranes. The quantitative analysis brought new insights
into the Nature killer cell’s self-regulating of tolerance and aggressiveness
for immune responses. Paper III describes a multi-color STED (STimulated
Emission Depletion) microscopy procedure, capable of imaging four different
targets in the same cells at 40nm optical resolution, which was developed and
successfully demonstrated on platelets. In paper IV, a modified co-localization
algorithm for fluorescence images analysis was proposed, which is essentially
insensitive to resolutions and molecule densities. Further, the performance of
this algorithm and of using STED microscopy for co-localization analysis was
evaluated using both simulated and experimentally acquired images.

Papers V-VII have their main emphasis on the application side. In paper V,
transient state imaging was demonstrated on live cells to image intracellular
oxygen concentration and successfully differentiated different breast cancer
cell lines and the different metabolic pathways they adopted to under different
culturing conditions. Paper VI describes a FCS-based study of proton exchange
at biological membranes, the size-dependence of the membrane proton
collecting antenna effect as well as effects of external buffer solutions on
the proton exchange, in a nanodisc lipid membrane model system. These
findings provide insights for understanding proton transport at and across
membranes of live cells, which has a central biological relevance. In paper
VII, STED imaging and co-localization analysis was applied to analyze cell
adhesion related protein interactions, which are believed to have an important
modulating role for the proliferation, differentiation, survival and motility
of the cells. The outcome of efforts taken to develop means for early cancer
diagnosis are also presented. It is based on single cells extracted by fine needle
aspiration and the use of multi-parameter fluorescence detection and STED
imaging to detect protein interactions in the clinical samples. Taken together,
detailed studies at a molecular level are critical to understand complex systems
such as living organisms. It is the hope that the methodologies developed
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and applied in this thesis can contribute not only to the development of
fundamental science, but also that they can be of benefit to mankind in the field
of biomedicine, especially with an ultimate goal of developing novel techniques
for cancer diagnosis.
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