FAST CALCIUM SIGNALING TO THE NUCLEUS: ACTIVATION OF GENE TRANSCRIPTION WITHIN SECONDS AFTER ELECTRICAL ACTIVATION OF HIPPOCAMPAL NEURONS
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Electrical activity-induced calcium signals can activate gene transcription in neuron. Synapseto-nucleus communication takes place either via calcium-regulated protein kinase cascades (such as the ERK-MAP kinase pathway triggered in the vicinity of the calcium entry channel) or via calcium itself that can invades the cell nucleus (1). Signaling to the nucleus via protein kinase cascades is expected to be slower than signal propagation by calcium that is detected in the nucleus within a second after electrical activation. The speed of the activation of genomic responses may therefore provide information on the mode of calcium signal propagation used. Using the cellular compartment analysis of temporal activity by fluorescence in situ hybridization (catfish) (2) the temporal profile of transcription of the immediate early gene Zif268 (also known as Egr-1, Krox-24, NGFI-A) was assessed in rat hippocampal neurons after depolarization with 50 mM extracellular KCl. Individual Zif268 intranuclear foci were detected after 30 sec of KCl treatment. These intranuclear foci (INF) are the genomic sites of Zif268 transcription. Particularly at later time points, Zif268 RNA can also be seen in a characteristic cytoplasmic localization pattern outside of the nucleus. Pharmacological experiments were done to examine the contribution of the ERK-MAP kinase pathway and the p38 MAP kinase pathway to KCl-induced Zif268 transcription.
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