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Analysis of respiratory center in newborn rat by optogenetics
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We developed a transgenic (Tg) rat line in which Phox2b-positive cells
expressed archaerhodopsin-3 (Archg or the step-function channelrhodopsin variants (ChRFR) under the
control of Phox2b promoter-enhancer regions. We analyzed a local neuron network of the respiratory
center in the medulla of a brainstem-spinal cord preparation isolated from 0-2-day-old Tg rat. The
photostimulation induced inhibition or facilitation of the respiratory rhythm in Arch-expressing or
ChRFR-expressing Tg rats, respectively. Phox2b-positive Pre-1 neurons were hyperpolarized or
depolarized in Arch-expressing or ChRFR-expressing Tg rat preparations, respectively. The
photostimulation induced heterogeneous membrane potential changes of other respiratory-related
neurons, depending on properties of synaptic connections (especially between Pre-1 neurons) in the
respiratory center. The optogenetic approach was a powerful method of verifying a hypothetical model
of local networks among respiratory-related neurons.
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