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proton channel complex of the proton-driven bacterial flagellar motor
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The bacterial flagellum, which is responsible for motility, is a reversible rotary motor
powered by the electrochemical potential difference of protons or sodium ions across the
cytoplasmic membrane. Five proteins, MotA, MotB, FliG, FliM, and FIliN, are responsible
for torque generation in the proton-driven flagellar motor. MotA and MotB form the
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stator complex of the motor in the cytoplasmic membrane, which functions as a proton
channel to couple proton flow to torque generation. F1iG, FIiM and FliN forms the C ring
on the cytoplasmic side of the MS ring, which is composed of FIiF, and acts as the rotor.
Torque is generated by an electrostatic interaction between MotA and FliG. The
proton-conductivity of the MotA/B complex is thought to be suppressed by a plug segment
of MotB when the MotA/B complex is not assembled into a motor. However, it remains
unknown how the stator complex is installed into the motor, how its proton-conductivity
is activated, and how the proton flow through the proton channel is coupled to torque
generation.

To clarify the regulatory mechanism of the proton-conductivity of the MotA/B
complex, I measured the proton-conductivity of the plugged and unplugged MotA/B
complex of Salmonella using a pH-sensitive green fluorescent protein, pHluorin, and
showed that the proton-conductivity of the MotA/B complex not incorporated into the
motor was two orders of magnitude lower than that of a complex that was incorporated
and activated one. This leakage ‘was, however, significant enough to change the
cytoplasmic pH to a level at which the chemotactic signal transduction system responds.

To investigate the stator assembly mechanism, I constructed Salmonella strains
expressing GFP-MotB and MotA-mCherry and studied their subcellular localization by
fluorescence microscopy. I showed that the process of proton translocation through the
channel is not required for stator assembly. I also showed that over-expression of MotA
significantly reduced the number of stators in a rotating motor and hence considerably
inhibited wild-type motility. These results suggest that MotA alone can be installed into
the flagellar motor. And I showed that the electrostatic interaction of MotA with FIiG is
required for the efficient assembly of the stators around the rotor.

The proton influx coupled with flagellar motor rotation should be measured with
high spatial and temporal resolution to further the understanding of the energy coupling
mechanism. I introduced the M153R mutation to pH sensitive fluorescent protein pHluorin
to improve the stability and brightness. And I constructed Salmonella cells with its
flagellar motor components (MotB or FliG) fused to pHluorin(M153R) for measuring pH
around the motor. Next I have developed an intracellular pH imaging system that can
measure local pH using the pHluorin probe. This system can measure the intracellular pH
distribution with a pH resolution of 0.02 and a time resolution of 3 msec.
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