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Abstract

Membrane protein dynamics is of great importance for living organisms.
The precise localization of proteins composing a synapse on the membrane
facing a nerve terminus is essential for proper functioning of the nervous
system. In muscle fibers, the nicotinic acetylcholine is densely packed under
the motor nerve termini. A receptor associated protein, rapsyn, acts as a linker
between the receptor and the other components of the synaptic suramolecular
assembly. Advances in fluorescence microscopy have allowed to measure
the behavior of a single receptor in the cell membrane. In this work single-
molecule microscopy was used to track the motion of ionotropic acetylcholine
(nAChR) and serotonin (5HT3R) receptors in the plasma membrane of
cells. We present methods for measuring single-molecule diffusion and
their analysis. Single molecule tracking has shown a high dependence of
acetylcholine receptors diffusion on its associated protein rapsyn. Comparing
muscle cells that either express rapsyn or are devoid of it, we found that rapsyn
plays an important role on receptor immobilization. A three-fold increase of
receptor mobility was observed in muscle cells devoid of rapsyn. However,
in these cells, a certain fraction of immobilized receptors was also found
immobile. Furthermore, nAChR were strongly confined in membrane domains
of few tens of nanometers. This showed that membrane composition and
membrane associated proteins influence on receptor localization. During
muscle cell differentiation, the fraction of immobile nAChR diminished
along with the decreasing nAChR and stable rapsyn expression levels. The
importance of rapsyn in nAChR immobilization has been further confirmed
by measurements in HEK 293 cells, where co-expression of rapsyn increased
immobilization of the receptor. nAChR is a ligand-gated ion-channel of the
Cys-loop family. In mammals, members of this receptor family share general
structural and functional features. They are homo- or hetero-pentamers
and form a membrane-spanning ion channel. Subunits have three major
regions, an extracellular ligand binding domain, a transmembrane channel
and a large intracellular loop. 5HT3R was used as a model to study the effect
of this loop on receptor mobility. Single-molecule tracking experiments on
receptors with progressively larger deletions in the intracellular loop did
not show a dependence of the size of the loop on the diffusion coefficient
of mobile receptors. However, two regions were identified to play a role in
receptor mobility by changing the fractions of immobile and directed receptors.
Interestingly, a prokaryotic homologue of cys-loop receptors, ELIC, devoid of a
large cytoplasmic loop was found to be immobile or to show directed diffusion
similar as the wild-type 5HT3R. The scaffolding protein rapsyn stabilizes
nAChR clusters in a concentration dependent manner. We have measured
the density and self-interactions of rapsyn using FRET microscopy. Point-
mutations of rapsyn, known to provoke myopathies, destabilized rapsyn self-
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interactions. Rapsyn-N88K, and R91L were found at high concentration in the
cytoplasm suggesting that this modification disturbs membrane association
of rapsyn. A25V was found to accumulate in the endoplasmic reticulum.
Fluorescent tools to measure intracellular concentration of calcium ions are
of great value to study the function of neurons. Rapsyn is highly abundant at
the neuromuscular junction and thus is a genuine synaptic marker. A fusion
protein of rapsyn with a genetically encoded ratiometric calcium sensor has
been made to probe synapse activity. This thesis has shown that the combined
use of biologically relevant system and modern fluorescence microscopy
techniques deliver important information on pLGIC behaviour in the cell
membrane.
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