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Synaptic clustering of gephyrin and GABAA receptors in cerebellar Purkinje cells during development
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The mechanisms of synapse formation are difficult to investigate in the intact brain. The scaffolding protein gephyrin is directly involved in the accumulation of glycine receptors at postsynaptic sites during neuronal maturation. Gephyrin is also localized at GABAergic synapses, however studies on cultured neurons have suggested that gephyrin is not required for the initial clustering of GABAA receptors. In this study, we investigated the development of gephyrin and GABAA receptors in rat cerebellar Purkinje cells, from P7 to adult. At early postnatal stages, we observed a diffuse immunoreactivity for the 1 subunit of GABAA receptors, which was co-extensive with the dendritic arborization of Purkinje cells. In addition, fluorescent clusters were superimposed on the diffuse labelling, suggesting that the 1 subunit was aggregated at synaptic sites. Gephyrin clusters were also present at the earliest stages of synapse formation and their number increased during development. Double-labelling revealed that 1 subunit-positive clusters were extensively colocalized with gephyrin, suggesting that GABAA receptors cluster at postsynaptic sites in the presence of this scaffolding protein. Gephyrin clusters almost invariably were apposed to presynaptic specializations expressing the vesicular GABA transporter VGAT, indicating their postsynaptic localization. However, VGAT-positive boutons not facing gephyrin were also observed, indicating that development of presynaptic terminals might precede that of postsynaptic specializations. While gephyrin clusters persisted in the molecular layer until adulthood, they disappeared from the cell body of Purkinje cells at approximately P14, concomitantly with a reduction of the size of GABAA receptor clusters. This finding suggests that gephyrin plays a developmentally regulated role at basket cell synapses and reveals striking differences in the molecular organization of GABAergic synapses in the cell body and the dendrites of Purkinje cells.
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