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Analysis of elementary processes in the photocycle of sodium ion-pumping
rhodopsin and an attempt to expand the substrate ion
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The molecular mechanism of Na+—ﬁumping rhodopsin (NaR) was analyzed by
employing time-resolved detection techniques and through functional characterization of novel NaR.
The results are summarized in two topics. 1) NaR undergoes the photoreaction cycle containing K, L,
M, 01, 02, N and NaR" intermediates, in which Na+ is captured during 01 formation through the
hydrated cytoplasmic channel and then released during 02 decay through extracellular channel without
further hydration. 2) A novel NaR lacking N-terminal helix can pump not only Na+ but also K+.
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