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Abstract

Calcium is an intracellular second messenger that is vital for normal neuronal function. The
maintenance of calcium homeostasis is critical for healthy neuronal function, and
disruption in calcium homeostasis has been implicated in diseases such as epilepsy and
Alzheimer’s disease. In developing neurons, calcium signalling regulates the precise wiring
of neurons, in a process known as axon guidance. Axon guidance is extremely important in
the normal healthy development of the nervous system. Aberrant axon guidance is highly
associated with several neurodevelopmental disorders including autism and mental
retardation syndromes such as fragile-X syndrome. Axons navigate the environment by a
dynamic navigational structure located at the distal tip of an extending axon, known as a
growth cone. Cytosolic calcium is crucial in mediating growth cone navigation. Correct
understanding of the signalling mechanisms that regulate cytosolic calcium is key to

understanding normal growth cone function.

This thesis focuses on the molecular mechanisms that regulate a vital source of calcium
within growth cones, the endoplasmic reticulum (ER). Little is known about the function of
the ER within growth cones. Stromal Interaction Molecule 1 (STIMI1) is a calcium sensing
protein in the ER membrane, which interacts with Orai proteins in the plasma membrane to
initiate store-operated calcium entry (SOCE) and refill depleted intracellular calcium stores.
The central hypothesis of this thesis is that STIMI is necessary for SOCE in neuronal

growth cones, and is required for axon guidance.
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The results presented within this thesis demonstrate the presence and function of STIM1-
mediated processes within the developing nervous system. This thesis has utilised primary
cell culture of embryonic dorsal root ganglia neurons and immunocytochemistry to
investigate the presence and localisation of STIM1 within developing growth cones.
STIM1, along with its binding partners Orail and Orai2 reside in two different localisation
patterns within growth cones; active (punctate) and inactive (diffuse). Depletion of calcium
stores resulted in the activation of STIM1 within growth cones, increasing the number of
growth cones displaying punctate STIMI1 protein distribution. Calcium depletion also
increased colocalisation between STIM1 and Orail. Furthermore, STIM1 localisation
appeared to be biased towards the turning side of the growth cone, in response to a calcium-
dependent guidance cue. These data suggest that STIM1 and the Orai proteins are dynamic

proteins that function in the regulation of calcium within growth cones.

While immunocytochemistry data suggested that STIM1 was functional within growth
cones, a target morpholino approach was used to determine if STIM1 was necessary for
growth cone function. A reduction of endogenous STIMI reversed turning towards BDNF
and netrin-1, and demonstrated that STIM1-mediated SOCE was necessary for BDNF
signalling in growth cones. Unexpectedly, a reduction in STIMI1 abolished turning away
from Sema-3a in a manner independent of SOCE. In a growth cone collapse assay, STIM1
was also found to be necessary for Sema-3a-induced collapse, suggesting that STIM1 is
implicated in multiple Sema-3a signalling pathways. This knockdown approach clearly

demonstrates the necessity of STIM1 function for normal growth cone turning.



While the main function of STIMI is thought to be the activation of Orai proteins, and
subsequent activation of SOCE, STIM1 has been shown to interact with other signalling
proteins, including the second messenger cAMP, in a process termed store-operated cAMP
signalling. This study utilised cAMP analogues to determine if store-operated cAMP
signalling was functional within growth cones. Upon the activation of cAMP, repulsive
turning away from Sema-3a was restored in growth cones with reduced levels of STIMI.
Sema-3a collapse was also prevented upon addition of cAMP agonists in control growth
cones, but not restored in STIM1 morphants. Similar results were achieved with cGMP
agonists. These data suggest that STIM1 mediates cyclic nucleotide signalling within
growth cones. Furthermore, STIM1 has also recently been implicated in the reciprocal
control of L-type voltage-gated calcium channels (VGCCs) and Orai proteins. While L-
type VGCCs are important in mature neurons, there is conflicting data in the literature as to
their role in axon guidance. This study investigated whether there was a potential
interaction between STIM1 and L-type VGCCS in growth cones, and found that if there is
an interaction, it is not essential for growth cone turning, but may be required for axon

extension.

These results indicate a number of novel findings: Firstly, that STIM1 mediates growth
cone navigation in response to both calcium-dependent and -independent guidance cues.
Secondly, that STIMI is required for Sema-3a signalling. Thirdly, that STIM1 mediates

cyclic nucleotide signalling pathways within growth cones, and likely does not interact with
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L-type VGCCs for growth cone navigation. In conclusion, this thesis has significantly
added to the understanding of the regulation of the calcium signalling pathways that are
crucial for normal growth cone guidance, enhancing our understanding of growth cone
navigation, and in particular the regulation of the calcium signalling pathways that are
crucial for normal growth cone guidance. These findings add to the pool of knowledge of
how growth cones function and regulate calcium, which is crucial for normal neuronal

health within development.
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