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Engineering of channelrhodopsins with improved ion selectivity as next-generation
optogenetic tools and their applications
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The five glutamate residues in the second transmembrane helix of
channelrhodopsin-2 (ChR2) are conserved among various ChRs. One of them, E97, interacts with cations to
facilitate their permeation and is also a primary binding site for Gd(3+). However, the counterpart of
MChR1 is alanine. We investigated the ion flux and the Gd(3+)-dependent channel block of MChR1. We found
that the high-affinity binding site for Gd(3+) was absent, but was dependent on the negativity. The ion
flux was markedly interfered with a negative charge at the position. Based on these findings, it is
suggested that the channel pore of MChR1 is differently organized from that of ChR2.

Krokinobacter rhodopsin 2 (KR2) is a light-driven Na(+) pump. We introduced a codon-optimized KR2 fused
with eYFP and membrane trafficking signals into cultured cortical neurons. The generation of action
potential was completely blocked while KR2 activation with green light. KR2 would be useful as a
next-generation optogenetic tool.
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