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We have developed a genetic fluorescent probe that can label newly enlarged or generated synapses mediating
learning and memory in the mouse motor cortex, and then erase them when irradiated with blue light. This new
genetic probe will be a powerful tool for deepening our understanding of brain function and learning in healthy
individuals and in disease states and has the potential to contribute significantly to understanding the mechanisms
of dementia and post-traumatic stress disorder. We have also been exploring our techniques into labelling of axons
and somas which are involved in memory formation. In the cerebral cortex several ten billions of neurons are
connected by synapses forming elaborate neuronal networks. Notably, most excitatory glutamatergic synapses are
formed on spiny protrusions that project out from neurons called dendritic spines, and the bigger dendritic spines
there are the stronger synaptic connectivity. Dendritic spines are dynamically modifiable through learning and
memory resulting in changes in synaptic connectivity, and as a result are thought to be memory elements of the
brain. However, this hypothesis has not been experimentally proven because there was no method to identify and
alter large number of spines involved in memory formation. We have now developed optical probes which
selectively label enlarged or newly generated spines, and, in addition, shrink and eliminate the labeled spines by
blue laser irradiation to the living brain. Since this probe is genetically encoded, it was incorporated into most
neurons in the mouse motor cortex. In the experiment, mice were trained on a motor task to improve their
performance, creating new dendritic spines and enlarging existing ones. Irradiating the motor cortex with blue laser
light then eliminated learning-induced spine changes, resulting in reversal of the task performance and indicating
that the spine changes are necessary for memory formation. This research was published in the 17 September
2015 edition of the British journal Nature (Nature 525:333). We have been improving this technique to label not
only synapses but also local memory circuits, including axons, soma and dendrite, in the rest of the fiscal years

2016.
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