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In this study, we aimed to create an inwardly oriented sodium pumping
rhodopsin by reversing the orientation of natural outward sodium pumping rhodopsin in the membrane,
thereby selectively transporting only sodium ions into cells for the development of optogenetic
tools. This was accomplished by altering the distribution of charged residues on the extracellular
and intracellular surfaces of the outward sodium pumping rhodopsin. To achieve this, we used the
BEdep_AAProf method to design a molecule with a reversed charge distribution, which presented
numerous mutation sites for causing orientation reversal. Experimental results using E. coli
demonstrated that it is feasible to stably introduce eight to nine mutations. This significant
finding provides a technological foundation for future development of optogenetic tools.
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