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Structural biology of active transport and its regulation by P-type ATPases
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We have been aiming at a complete understanding of the mechanism of active
ion transport and eventually solving the problem "why the structures of ion pumps have to be so". To
this end, we have been applying X-ray crystallography and cryo-electron microscopy to the calcium
pump and sodium pump (Na+,K+-ATPase) and have succeeded in extending the structure determination of
the calcium pump to 17 reaction intermediates. Also, we could answer a fundamental question "why
calcium-binding is absolutely necessary for phosphoryl transfer from ATP". With the sodium pump, we
have determined the structure for the E2_2K+-state, and thereby elucidated the mechanism of gating
and locking of the extracellular ion pathway. Furthermore, we determined the structures of the
sodium pump with seven types of cardiotonic steroids and obtained insights into how to confer tissue
specificity to these components.
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