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            Abstract
The mitogen-activated protein kinase (MAPK) and cyclic adenosine monophosphate (cAMP) signal transduction pathways have critical roles in the consolidation of hippocampus-dependent memory. We found that extracellular regulated kinase 1/2 MAPK phosphorylation and cAMP underwent a circadian oscillation in the hippocampus that was paralleled by changes in Ras activity and the phosphorylation of MAPK kinase and cAMP response elementâ€“binding protein (CREB). The nadir of this activation cycle corresponded with severe deficits in hippocampus-dependent fear conditioning under both light-dark and free-running conditions. Circadian oscillations in cAMP and MAPK activity were absent in memory-deficient transgenic mice that lacked Ca2+-stimulated adenylyl cyclases. Furthermore, physiological and pharmacological interference with oscillations in MAPK phosphorylation after the cellular memory consolidation period impaired the persistence of hippocampus-dependent memory. These data suggest that the persistence of long-term memories may depend on reactivation of the cAMP/MAPK/CREB transcriptional pathway in the hippocampus during the circadian cycle.
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                    Figure 1: MAPK activity in the hippocampus shows circadian oscillations.[image: ]


Figure 2: Oscillations in the MAPK pathway occur upstream of MAPK and show oscillations that are free running.[image: ]


Figure 3: Contextual fear memory formation is dependent on zeitgeber time.[image: ]


Figure 4: Contextual fear memory is impaired when mice are trained during the subjective night.[image: ]


Figure 5: cAMP in the hippocampus is higher during the day than at night.[image: ]


Figure 6: DKO mice do not have diurnal oscillations in pErk activity or cAMP in the hippocampus and are deficient in long-term contextual memory.[image: ]


Figure 7: Ca2+-stimulated adenylyl cyclase activity and Ras activity in the hippocampus peak during the day.[image: ]


Figure 8: Infusion of MEK inhibitors into the hippocampus during the circadian peak, but not during the trough of MAPK activation impairs LTM.[image: ]
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