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The bacterial flagellum is a biological nanomachine used for bacterial locomotion. The flagellum
consists of three functional parts: the basal body, which acts as a rotary motor; the filament, which acts as a
helical propeller; and the hook, which acts as a universal joint. The filament is a helical, supercoiled assembly
of a single protein, FliC, and is formed by 11 protofilaments. For bacterial taxis, the reversal of motor rotation
switches the supercoil between left- and right-handed helices, both of which arise from combinations of two
distinct conformations and packing interactions of the L-type and R-type protofilaments. The hook is made of
about 120 copies of a single protein, FIgE, and is a highly curved tube and also flexible in bending. The
hook-filament junction is made of two proteins, FigK and FlgL, which are responsible for connecting these two
mechanically distinct structures. The hook-filament junction works not only as a mechanical adapter but also
as a buffer component to avoid transmission of the different conformational changes between
filament and hook: polymorphic supercoiling occurs in the filament portion while continuous and
dynamic conformational changes occurs in the hook portion in every revolution. To understand how
this mechanical adaptor works, I analyzed the structure of the hook-filament junction complex of the L- and
R-type straight filaments (L-junction complex and R-junction complex, respectively) by using electron
cryomicroscopy (cryoEM).

First I focused on the optimization of sample preparation and image data collection. I used a mutant
strain in which the expression level of f7iC can be controlled by tetracycline to make the filament length
relatively short. This made image data collection highly efficient.

Next, I developed a new method of image analysis for the hook-filament junction. The strong
feature of the helical symmetry in the filament and the hook portion caused misalignment in
conventional two-dimensional alignment procedures. To avoid such a strong influence of the
helical lattice on the alignment process, I used one-dimensional projection alignment to
determine x- and y-shift and a pseudo-junction complex made of the filament and the hook with
imposed helical symmetries as a reference volume to determine the azimuthal orientation. Then,
T applied classification and selection procedures to obtain reliable junction structures.

1 obtained 3D density maps of the L- and R-junction complexes at 19 A and 20 A, respectively. These
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maps show the shape and array of subunits in the junction structure. I found a significant difference in the tilt
angle of the junction portion between the L- and R-junction complexes. This tilt is in good agreement with the
hinge motion of domains D1, D2 and D3 of flagellin against its domain DO for the overall
switching in the orientation of the flagellar protofilament, indicating that the packing
arrangement of the FlgK and FlgL subunits are similar to that of flagellin in the filament. The
structures lead to the identification of an important FlgL-FlgL interaction that is responsible for
the loss of supercoiling by the reversed rotation of the filament in a viscous solution.
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