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ABSTRACT 
 
Rab3A is a Rab protein of the Rab3 sub-class, which contains four different 
types (A-D). Rab proteins function as a molecular switch: They are active in 
the GTP-bound form and inactive in the GDP-bound conformation. GTP-Rabs 
are located at membranes. In the case of the Rab3 subclass, these are the 
membranes of secretory vesicles. In the GTP-bound conformation, Rab3 
proteins recruit different effector proteins to exert their function. When the 
secretory vesicle fuses with the plasma-membrane, Rab3s hydrolyse GTP to 
GDP and release their effector proteins. GDP-Rab3 is recognized by GDI (for 
"GDP Dissociation Inhibitor"), which retrieves GDP-Rab3 from the membrane 
to the cytosol, where it can be re-activated to adhere to a new secretory 
vesicle. 
The exact role of the Rab3 switch on secretory vesicles is still unclear. In this 
thesis, I aim to shed some light on this unresolved question, which leads to a 
general hypothesis on the role of Rab3A in the secretory vesicle cycle. 
 
Chapter 2 describes the role of the GTP/GDP switch of Rab3a in the docking 
process of large dense core vesicles (LDCVs) in adrenal chromaffin cells. 
Upon overexpression of Rab3A in these cells, the docking of LDCVs is 
stimulates, whereas mutant forms of Rab3a continuously bound to GTP or 
GDP do not show this effect. This result shows that the cycling between active 
and inactive conformation is important for this role of Rab3A. Overexpression 
of Rab3A in cells lacking the protein Munc-18 does not show an effect on 
vesicle docking. The GTP and GDP locked conformations of Rab3A show a 
reduction in LDCVs docking in these cells. These results show that Rab3A is 
dependent on Munc18-1 to stimulate LDCV docking. 
 
Chapter 3 describes the effect on LDCV release and docking in chromaffin 
cells lacking all Rab3 isoforms. LDCV docking is not affected in these cells, 
which shows that although Rab3A can stimulate LDCV docking, it is not 
essential for this process. The release of LDCVs upon elevating intracellular 
calcium levels shows that the first rapid phase of secretion (the "burst" phase) 
is reduced in chromaffin cells from Rab3 knockout mice. These results show 
that, although the LDCVs are present, they are not able to fuse with the 
plasma membrane. This indicates a reduction of fusion-competence of the 
LDCVs. Furthermore, we observe a reduction in the total number of vesicles 
present in the cells without Rab3. Since vesicle fusion is reduced, it is most 
likely that the production of LDCVs is reduced in cells without Rab3 isoforms. 
 
Chapter 4 characterizes a mouse strain that lacks both Rab3A and Rab27A. 
Rab27A is highly related to Rab3 proteins and is shown to be involved in 
secretory vesicle traffic and secretion. Mice lacking Rab3A and Rab27A are 
viable and fertile and show no abnormal behaviour, apart from some anxiolytic 
features that are also observed in mice lacking Rab3A alone.  
Secretory vesicle distribution, docking and release is not affected in these 
mice. We do observe effects in the retrieval of vesicular membrane after 
fusion, which was reduced for both synaptic vesicle and LDCV markers. 



These results indicate that Rab3A and Rab27A also can affect the retrieval 
process of vesicle components. 
 
Chapter 5 describes the effects of overexpression of Rab3A effector protein 
Rabphilin-3A in chromaffin cells. Since LDCVs docking is shown to be 
effected by the GTP/GDP cycle of Rab3A in chapter 2, Rabphilin-3A might be 
the effector protein through which this effect of Rab3A is mediated. However, 
clustering of LDCVs in the cytosol was observed in chromaffin cells 
expressing Rabphilin-3A. This clustering was not depending on actin 
polymerisation. Pilot tests showed that this clustering is not depending on 
Rab3A, Rab27A or Munc18-1. 
I can not exclude that the clustering of LDCVs is due to an overexpression 
artefact of Rabphilin-3A, however highly related protein Doc2B does not show 
this effect. 
 
Chapter 6 describes the design and evaluation of an algorithm, which is 
developed to recognize LDCVs in electron microscopic pictures. The program 
is capable to detect these vesicles reliably, estimate whether they are docked 
or not and calculate their distribution. Furthermore, the algorithm works on 
different preparations of different cell types. 
 
In the general discussion the results of the previous chapters is compared and 
discussed, which leads to the following hypothesis: Since Rab3A increased 
the production (chapter 3), docking (chapter 2), fusion (chapter 3) and 
retrieval (chapter 4) of secretory vesicles, I suggest that the general role of 
Rab3A is to push the secretory vesicle cycle forward. 
 
 


