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We found the followings. Bacterial F1 generates at rotation angle 0, 40, 80° in
one 120 cycle. Torque at 40° has been unnoticed before. Chroloplast ATP synthase of field spinach is
activated at morning by reducing S-S bond of its gamma subunit and inactivated at night by oxidation.
Human F1 rotates with three steps in a 120 cycle; 0-65° by ATP binding, 65-90° by Pi release, and
90-120° by ATP hydrolysis. A new factor Orf47 is required for assembly of human mitochondrial ATP
synthase. Knockout mice that lack mitochondrial IF1, an inhibitor protein for ATP synthase, was produced.
Surprisingly, they are healthy.
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