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Summary

Individual cells need to communicate with each other to ensure proper func-
tioning of the whole organism. Cells can use a variety of methods to influence
other cells and to transmit signals. One example is the release of transmitter
substances (neurotransmitter, hormones and peptides) from signal-sending cells.
These transmitters are stored in secretory vesicles. To transduct a signal from
a signal-sending cell to a signal-receiving cell, secretory vesicles are transported
to the plasma membrane, where they fuse with the membrane and release their
content in a highly regulated manner. Receptors on the surface of the signal-
receiving cell bind the transmitters and integrate the signal.

With the experiments described in this thesis, we studied the biogenesis and
maturation of secretory vesicles as well as mechanisms that regulate the secretion
of those vesicles in adrenal chromaffin cells. These cells are localized in the adrenal
gland and contain secretory vesicles that store hormons, such as adrenaline and
noradrenaline, which are released in stress situations.

The general aim of this thesis was to unravel molecular mechanisms of reg-
ulated secretion of secretory vesicles in chromaffin cells: from the biogenesis of
vesicles at the ER and the Golgi apparatus to their final destination at release
sites at the plasma membrane.

In Chapter 2 we identified the SNARE protein Vti1a as an important reg-
ulator of large dense-core vesicle biogenesis. The absence of vti1a results in
impaired exocytosis due to fewer Ca2+ channels and a decreased number, size
and Synaptobrevin-2 content of secretory vesicles. Since release kinetics and
Ca2+ sensitivity are not altered in the absence of vti1a, we conclude that it is
not involved in the final fusion reaction. Based on our findings, we suggest that
Vti1a supports exocytosis by maintaining correct vesicle numbers, vesicle sizes
and number of Ca2+ channels and we propose a tentative model of vesicle bio-
genesis in adrenal chromaffin cells.

In the following studies we focused on biological processes in the subplas-
malemmal region of chromaffin cells. The results are described in Chapter 3-5.
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In Chapter 3 we introduced an image analysis algorithm to automatically
quantify fluorescent signals at the plasma membrane of chromaffin cells. This
program (”PlasMACC”) enabled us to analyze signals in more detail than pre-
viously described methods and it allowed the analysis of additional parameters.
PlasMACC was used to quantify levels of Syntaxin1a, F-actin and PI(4,5)P2 in
chromaffin cells from different genotypes.

In Chapter 4 we studied the cortical F-actin phenotype in munc18-1 null
chromaffin cells. Those cells show increased signal intensity, -thickness and -
density of the F-actin network underneath the plasma membrane. We expressed
Munc18-1 orthologs and mutants and found a mutant which was unable to rescue
the F-actin phenotype in munc18-1 null chromaffin cells. Based on this mutant
(V263T) and alignment studies, we suggest the involvement of a hydrophobic
residue at this postion in the Munc18-1 dependent cortical F-actin regulation.

In Chapter 5 we first tested the hypothesis that the Munc18-1 dependent
cortical F-actin regulation was due to alterations in the level of PI(4,5)P2 on
the plasma membrane. We found that chromaffin cells from munc18-1 null mice
contained increased levels of PI(4,5)P2 compared to cells from wild type mice.
Those findings were confirmed in fixed and living cells and on the footprint of
the cells as well as the equatorial plane. Based on those findings we developed
our current working hypothesis which needs to be tested in future experiments.

In Chapter 6 we presented the main findings of our studies. We discussed
hypotheses that can explain the Munc18-1-depent regulation of PI(4,5)P2 and
cortical F-actin in adrenal chromaffin cells and propose a model that is based on
the inhibitory function of Munc18-1 on PLD. Furthermore, we show the impor-
tance of integrated approaches.
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