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QUANTIFICATION OF ION MOTIVE FORCE CONTROLED BY OPTPGENETICS
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The bacterial flagellar motor generates the rotational torque by the interactions between a rotor and

multiple stator units. Each stator unit translocates the coupling ions, driven by ion motive force (IMF). The

coupling ions known to be either protons or sodium ions, depending on the stator complexes. In

Escherichia coli cells, wild type stator units MotA/MotB couple proton flux to generate the rotational

torque. Chimeric stator units, PomA/PotB, can interact with a rotor of E. coli and couple sodium ions for

torque generation. In this study, we controlled and quantified the sodium ion motive force (SMF) of E. coli

cells. The SMF of the cells was dynamically manipulated using a light-driven sodium ion pump KR2 with

excitation by irradiation of green light. To quantify the SMF accurately, we measured cytoplasmic sodium

ion concentration and membrane potential by observing sodium green and TMRM, respectively. As a
result, we showed that the increase in the speed of the PomAPotB motor when KR2 was expressed in E.

coli cells could be explained by an increase in SMF, indicating that the speed of the motor varies linearly

with IMF over a wide range.
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