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The flagellum is a motile organelle composed of the basal body rings and the tubular axial structure.
The axial component proteins synthesized in the cytoplasm are transferred into the central channel of the
flagellum by the flagellar type III protein export apparatus for self-assembly at the growing end. The export
apparatus is composed of six transmembrane proteins (FlhA, FIhB, FliO, FliP, FliQ, FliR) and three soluble
components (FliH, Flil, FliJ). Flil is the ATPase and forms a hetero-trimer complex with a dimer of its
regulator FliH in the cytoplasm. The FliH,-Flil complex recruits export substrates to the proton-driven export
gate made of the transmembrane proteins and helps the initial entry of the substrate into the gate. FliJ is an
essential component for protein export. Since FliJ interacts with flagellar axial proteins and prevents their

premature aggregation in the cytoplasm, FliJ has been postulated to be a general chaperone for the substrates.

However, it remains unknown how these reactions proceed within the cell.

To elucidate the function of FliJ and molecular mechanism of flagellar protein export across the cell
membrane, | determined the crystal structure of FliJ at 2.1 A resolution. FliJ has a remarkable structural
similarity to the y subunit of F,F;-ATPsynthase. Structure-based sequence alignment revealed regions that are
conserved between them. It has already been shown that the FIil structure closely resembles those of the a/f
subunits of Fj-ATPase and that Flil forms a hexameric ring structure. These similarities suggest that FIil and
FliJ may form a complex just like Fi-ATPase. I therefore analyzed the interaction between FliJ and Flil by
electron microscopy and biochemical techniques. FliJ formed a complex with the Flil hexameric ring and
facilitated the ring formation and the ATPase activity of Flil. These observations suggest that the flagellar
protein export apparatus involves a mechanism similar to that of F-ATPase and that the flagellum and
F,F1-ATPsynthase are evolutionally related.

The conserved region between FliJ and the y subunit is highly conserved among the homologs and
corresponds to the surface interacting with the € subunit of F;-ATPase, suggesting that FliJ may have binding
partner corresponding to the & subunit. To identify the function of these conserved residues, site-directed
mutation experiments were performed for eight highly conserved, surface-exposed residues of FliJ. The F72A
and L76A mutations abolished the interaction between GST-FliJ and FIhA. In the recent paper, it has been
shown that an interaction between FliJ and a gate-forming protein FIhA facilitates an inward-directed proton
flow through the gate. These results suggest that Phe-72 and Leu-76 of FliJ are essential for the interaction with

FIhA to facilitate proton translocation-coupled protein export through the gate.
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