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Regulation of GABA-A Receptor Activity by Interaction of Growth-Associated Protein 43 and Gephyrin in Cortical Neurons
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Growth-associated protein 43 (GAP-43) is a plasticity-related protein that is associated with vesicular membrane. GAP-43 is activated during
neuronal development, regeneration, and synaptic reorganization. It is phosphorylated by PKC at Ser4 1 upon elevation of intracellular calcium
concentration ([Ca2+]i). Phosphorylated GAP-43 is translocated from vesicular compartment of the cell body to the inner membrane of growing
neurites to facilitate axonal extension. Translocation in the opposite direction is noted when GAP-43 is dephosphrylated. In addition to its effect on
axonal extension, phosphorylated GAP-43 also plays a regulatory role in endocytosis and membrane dynamics that may alter neurotransmitter
receptor function. Using MALTI-TOF (Matrix-assisted laser desorption /ionization time—of flight) mass spectrometry, we have identified one of the
GAP-43 interacting proteins is gephyrin. To our knowledge, this is the first time that gephyrin has been linked to GAP-43. Gephyrin, a
microtubule-associated protein, is important in regulating y.aminobutyric acid A receptor (GABAAR). This regulatory action is due to its clustering
of GABAAR to regulate cell surface dynamic of postsynaptic membranes or GABAAR endocytosis. We found that treatment with Ro318220, a
PKC inhibitor which dephosphorylates GAP-43, enhanced association of GAP-43 and gephyrin, and their cytosolic co-localization in neuronal cell
bodies. In developing cortical neurons, PKC inhibition by Ro318220 also increased gephyrin interaction with the GABAAR Y2 subunit
(GABAARY2), resulting in the loss of GABAAR response to its agonist. This Ro318220 effect was not accompanied by a reduction in the
expression of GABAA receptor. Therefore, Ro318220-induced loss of GABAAR activity may result from dephosphorylation of GAP-43 leading to
its translocation from neuites to cell body and bind to gephyrin on the cell body cytoskeleton, followed by internalization or endocytosis of
GABAAR from the postsynaptic surface to the GAP-43-associated vesicle. Since GABAAR is the most important inhibitory transmitter receptor in
the central nervous system required for the stabilization of neuronal activities for cognitive function and motor control, it is important to elucidate
whether GAP-43 plays a key role in regulating the GABAAR function. Indeed, our preliminary study shows that Ro318220 treatment resulted in
hyperreactivity and uncoordinated movement in response to mechanosensory stimuli in zebrafish, suggesting its possible effect on GABAAR
activity. Our central hypothesis is that dephosphorylation of GAP-43 results in reduction of GABAAR activity by internalization or endocytosis of



surface GABAAR via increased association of dephophophrylated GAP-43 with gephyrin. In the first year, we will study the causal relationship of
dephosphorylated GAP-43-gephyrin interaction in causing GABAAR hypoactivity by generating GAP-43 mutants that stay in dephosphorylated
form for increased association with gephyrin. The effect of mutant on the surface GABAAR activity and internalization will be examined. In the
second year, we will study whether a GAP-43 mutant with Ser43 replaced by asparagine mimicking the actions in its phosphorylated state reduces
its binding to gephyrin to inhibit GABAAR internalization or endocytosis, resulting in enhanced GABAAR activity. In the third year, we will
confirm the biological significance of the findings derived in the preceding 2 years to assess the effects of GAP-43 mutants that mimic
dephosphorylated or phosphorylated form of GAP-43 on GABAAR activity and the coordination of movement in zebrafish in response to
mechanosensory stimuli. The ultimate goal of this project is to delineate the novel role of GAP-43 via association with gephyrin to regulate
inhibitory neurotransmission. The zebrafish animal model that expresses movement disorder with GAP-43 mutant derived from this project will be
useful for further application onto the studies for GABAA receptor dysfunction-related neurological and psychological disorders, such as epilepsy

and schizophrenia.



