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Summary: Flagellated bacteria swim by rotating helical filaments driven by motors embedded in the cell wall and
cytoplasmic membrane. A model is proposed to explain the mechanism of the motor. The layer between the stator
and the rotor is treated as a viscoelasic liquid. The proton passing through the channel produces very strong mean
electric field in Mot A protein. Mot A is assumed to have a spontaneous polarization and its interaction with the
proton-induced electric field produces piezoelectric shear stress which causes flagellar rotation. It is assumed that
the switch complex Fli M, N has two stable orientations on Mot A; one orientation corresponds to positive
spontaneous polarization and the other corresponds to negative polarization. The flagellar rotation velocity w is
given by # A 8, where # is the number of protons passing through one stator per unit time and A & is the angle
of step rotation when one proton passes through one stator. Conclusions derived from the model are in agreement
with the following experimental observations. (1) When the rotation velocity « is low, the torque is constant
independent of w, but sharply decreases when « increases beyond a critical value wer. (2) When w is smaller than
wer, A 8 is independent of the transmembrane potential difference and thus one flagellar rotation consists of a
constant number of steps. (3) When « is smaller than wer, w is proportional to the transmembrane potential
difference. (4) The sense of the flagellar rotation is independent of the sense of the proton movement. (5) The

direction of the flagelllar rotation can be reversed with approximately the same absolute value of the torque.
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