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The type III flagellar protein export apparatus is a bacterial membrane-embedded nanomachine, which
exports the flagellar proteins from the cytoplasm. To export the protein subunits across the membrane, the export
gate complex composed of six transmembrane proteins (FIhA, FIhB, F1iO, FliP, FliQ, FliR) utilizes proton motive
force (PMF) as an essential energy souse for unfolding/translocating work, but the molecular mechanism remains

poorly understood.

This thesis describes functional analysis of FIhA, which is the most conserved membrane component in the
export gate complex. Genetic characterization of conserved charged residues of transmembrane domain of FlhA
(FIhA ;) showed that only Asp208 is an essential protonatable residue and most of substitutions are tolerated by the
presence of FliH-Flil ATPase complex. Analysis of the interaction mode of FliH suggested that the interaction of
FliH with FIhA is required for anchoring Flil hexamer ring to the export gate for efficient and robust protein export.
Intracellular pH measurement showed that D208 A mutation significantly increase the proton conductivity of FIhA,
indicating that Asp208 may not form proton pathway, but play an important role for the energy coupling process.
Surprisingly, FIhA also shows sodium ion conductivity, suggesting that FlhA may act as a hybrid energy transducer
for the protein export. Since cytoplasmic domain of FIhA (FIhA) interacts with substrates and is also involved in its

translocation, ions flux through FlhAy, might couple with conformational change of FIhA.

Overall experiments were inspired by the similarities between the type III protein export apparatus and

FOF1-ATP synthase and designed to reveal shared mechanism and discrepancy. These experimental approaches
could uncover a common mechanism and provide an insight how nature has evolved a wide variety of nanomachines

from relatively small number of common ancestors.
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