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This project aimed to establish a novel recording system to monitor neuronal computation performed by single
neurons in freely behaving rats. To precisely understand the neuronal computation, simultaneously monitoring
both synaptic inputs and firing outputs of individual neurons is crucially important. To achieve this, we
combined large-scale extracellular recording to monitor neuronal firing and optogenetic manipulation to identify
synaptic connections through the detection of spike transmission.

We first established an optogenetic method to activate hippocampal neurons. We confirmed that viral
vector-mediated expression of light-gated cation channel (channelrhodopsin-2) and subsequent blue-light
stimulation robustly activate hippocampal neurons.

We next established large-scale recording system. We set up surgical equipment (i.e., stereotaxic frame,
binocular microscope, anesthetic system, viral vector-injection system) and large-scale electrophysiological
recording system (i.e., multi-channel recording system up to 512 channels, behavioral tracking system,
workstation for data acquisition, silicon probes, microdrives, laser diodes for optogenetic stimulation, and
behavioral apparatus).

As a result, we were able to simultaneously monitor rat’s behavior and firing activity from ~100 hippocampal
neurons by using a silicon probe up to 256 channels. We further established a method to comprehensively
identify synaptic connections between activity-monitored neurons by detecting synaptic transmission. This
novel large-scale recording approach will allow us to monitor and reveal the neuronal computation performed
by single neurons in behaving rodents.




