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Neuronal signal transduction in synaptic plasticity 
Activity-dependent changes in synaptic strength and structure are believed to be the 

cellular basis of learning and memory. A cascade of biochemical reactions in dendritic 

spines, tiny postsynaptic compartments emanating from the dendritic surface, underlies 

diverse forms of synaptic plasticity. The reaction in dendritic spines is mediated via 

signaling networks consisting of hundreds of species of proteins. Aiming to elucidate the 

operation principles of such signaling networks, we have developed several new 

techniques to measure the spatiotemporal properties of the signaling components. First, 

based on o2-photon fluorescence lifetime imaging and highly sensitive biosensors, we 

have developed methods to image signaling activity in single dendritic spines.  Second, 

based on CRISPR/Cas9-mediated gene-editing, we have developed a technique to fuse 

fluorescent tags to endogenous proteins in single cells in vivo. Third, we have established a 

molecular tool to manipulate protein activity with light. These new tools have allowed us to 

probe detailed mechanisms linking signaling activity in dendritic spines with synaptic, 

circuit, and behavioral plasticity. 
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