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Elucidation of the Rotational Mechanism of V1-ATPase Based on Liquid Theory
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A statistical thermodynamic analysis focusing on water entropy was conducted

using the structures of the V-type ATPase (A3B3DF complex) in various nucleotide-bound states to
elucidate its rotational mechanism. The A3B3DF complex exhibits ununiform atomic packing in each
subunit and at their interfaces. During the ATP hydrolysis cycle, the nucleotide bound to the A
subunit and the structure of the A3B3 complex change sequentially. These structural changes induce
unidirectional rotation of the DF axis to maximize water entropy. It was revealed that the torque
driving this rotation is generated by water without the input of chemical free energy, with ATP
being essential as a trigger for torque generation.
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4.2 V1-ATPase
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