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Structural characterization of F1iP, a component of the type III flagellar protein export gate
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The bacterial flagellum is a filamentous motile organelle that protrudes from the cell
body. For flagellar construction, flagellar component proteins are transported via its specific
export apparatus from the cytoplasm to the growing distal end of the flagellar structure. The
export gate complex is composed of six inner-membrane proteins, F1iO, FliP, FliQ, FliR, FIhA
and F1hB and utilizes proton motive force (PMF) as an essential energy source to drive flagellar
protein export. However, it remains unknown how the export gate converts PMF to the
mechanical work required for protein translocation and how the export gate complex assembles.

This thesis is focused on structure and function of F1iP. FIiP is an essential component
for flagellar protein export and is assumed to be involved in the earliest stage of the assembly of
the export gate complex. FliO is assumed to have a role in the regulation of FliP during flagellar
assembly although it is not an essential component. To obtain the structural insight into FIiP, I
solved the structure of the periplasmic domain of FliP (Fl1iPp) from Thermotoga maritia at 2.4 [
resolution. The structural feature of Tm-FIliPp and the following in vivo experiments suggested
that FliP forms a dimer though the FliPp-FliPp interaction. Structure-based mutational analyses
of FliPp indicated that the FliPp-FliPp interaction is required for efficient FIiP assembly into the
export gate.

To clarify that F1iP forms oligomer, I purified full-length F1iP derived from Salmonella
enterica and observed it by electron microscopy. Full-length FliP formed the homo-hexameric
ring structure. Co-expression of FliP-His with FliO and the following co-purification by Ni-NTA
affinity chromatography indicated that FIiP directly interacts with FliO. The FliP¢ ring dissociated
from the FliO/P complex during size exclusion chromatography was more mono-dispersed than
FliP alone, suggesting that FliO facilitates hexagonal FliP ring formation. Expression and
purification of FliP mutant variants showed that the FliPp-F1iPp interaction is required for efficient

FIiP ring formation. I propose that the FliP¢ ring is a functional unit in the export gate complex.
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