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Signaling mechanisms underlying structural and functional plasticity
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In the central nervous system, most excitatory synapses terminate on dendritic spines, tiny
(~0.1 femtoliter) protrusions emanating from the dendritic surface. Calcium-dependent
signaling in dendritic spines underlies many forms of synaptic plasticity. To further our
understanding of signal transduction in spines, we have developed a technique to measure
signaling activity in individual spines in light scattering tissue using FRET signaling sensor in
combination with 2-photon fluorescence lifetime imaging microscopy. Using this technique,
we imaged activity of signaling proteins important for synaptic plasticity, Ras, RhoA, Cdc42
and CaMKII, during synaptic potentiation and associated spine enlargement induced at a
single spine. These signaling proteins have distinct spatiotemporal patterns: Ras and RhoA
activation spread out of the stimulated spine and diffuse along the parent dendrite over ~ 5
micrometers. This diffusive signaling may play roles in dendritic signaling required for
synaptic potentiation such as receptor exocytosis in dendrites or endosome trafficking from
the dendrites to spines, as well as cooperative synaptic plasticity. In contrast, CaMKII and
Cdc42 activations are restricted to the stimulated spines. CaMKII activity lasts only ~ 1 min,
while Cdc42 activity lasts more than 30 min, acting downstream of CaMKII. Thus,
CaMKII-Cdc42 signaling is presumably important for maintaining synapse-specificity of

synaptic potentiation for long term.
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