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Ca?*/calmodulin-dependent protein kinase II (CaMKII) is one of the most abundant protein kinases in the mam-
malian brain, especially in the hippocampus. Neuronal CaMKII is a multifunctional mediator of activity dependent on
an increase in the Ca2* level in excitable cells. It plays an important role in synaptic plasticity, including learning and me-
mory, and is recognized as a ‘‘memory molecule.”” The expression of the kinase increases most rapidly during the most
active phase in the formation of synapses in the postnatal brain and remains at a high level after synaptic maturation, in-
dicating that the kinase is carefully regulated in the space-temporal gene expression. It is accumulated in the postsynaptic
density (PSD), which is central in synaptic transmission. This review presents the gene expression and alternative splic-
ing of CaMKII during neural differentiation, molecular constituents of PSD, and regulation of CaMKII by activity-
regulated cytoskeleton-associated protein (Arc) mainly developed in our study.
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Fig. 1. Schematic Representation of Phenotypic Changes during Differentiation3®
Changes in morphology, CaMKII activity, splicing pattern, and neuronal cell types are shown.
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Fig. 2. Classification of Proteins in the PSD Fraction

Grouping of PSD proteins based on their contents calculated from the
data of Yoshimura et al.3¥ Protein constituents of the PSD fraction were
analyses using 2DLC-MS/MS system. The PSD fraction prepared from rat
forebrain. PSD is particularly rich in cell signaling proteins and in structural
proteins. white bar: species, striped bar: contents.
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Fig. 3. Accumulation of Arc and CaMKII in PSD after Electroconvulsive Treatment®
A: At appropriate intervals after the electrical stimulation, the brains were removed. Then the PSD fraction was purified and subjected to SDS-PAGE and im-

munoblotting. B: Bar graphs summarize the relative density of the bands.
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Fig. 4. Schematic Representation of the Regulation of PSD and Postsynaptic Signaling by CaMKII

When a nerve impulse reaches nerve terminals and local Ca2* increases, glutamate is released into the synaptic cleft. Glutamate binds to the NMDA receptor,
and Ca?* enters postsynaptic cells. Ca2* binds calmodulin and activates CaMKII. The activated CaMKII is autophosphorylated at Thr286 and translocated to the
PSD, and then phosphorylates various proteins in postsynaptic cells. Arc potentiates CaMKII function. Phosphorylated proteins change their activity and regulate
signaling pathways, and then new synapses are found, resulting in a change of synaptic activity. CaMKII: CaM kinase II, GAP: GTPase activating protein, MT:

mictotubule, NF: neurofilament.
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