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Structural analysis of ion-bound state and transport mechanism of microbial
rhodopsin by multinuclear solid-state NMR of microbial rhodopsins
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Membrane proteins play an important role in maintaining cell homeostasis.
Among them, microbial rhodopsin is covalently bound to retinal chromophore via a protonated Schiff
base, and the protein is activated by photo-isomerization. Solid-state NMR spectroscopy with
multinuclear observations as well as 13C and 15N was applied to detect important interactions
containing ion-bound states, contacts with water molecules, and aromatic stacking. It is found that
monitoring of the alterations in NMR signals can find local structural change of microbial rhodopsin
depending on pH, replacement of alkali metal ions, H/D exchange and point mutation. Furthermore, we
developed a methodology such as In-situ microwave irradiation NMR method to investigate the
non-thermal effects on polar group in a molecule.
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