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Structural analysis of intact molecular motor by electron
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Structural information of cells and protein complexes are the important basis of our
understanding of their functional mechanisms. Electron cryotomography (ECT) can be used to
visualize the three-dimensional (3D) structure of the cells and protein complexes in their native
environment and to provide mechanistic insights. In this study, I carried out the structural analysis
of the cells of Salmonella and Mycoplasma penumoniae using ECT to reveal the 3D structures of
intact flagellar motor and cytadhesin molecule, respectively.

The bacterial flagellum is a motility organelle composed of a basal body that function as
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a rotary motor and a long helical filament that works as a propeller. The basal body is a large
molecular complex composed of about 20 different proteins. Although the structural analysis of
the basal body isolated from the cell has been carried out by electron cryomicroscopy, membrane
protein components that form the stator and the protein export apparatus are missing from the
structure due to detergent treatment for the isolation from the cell, and therefore structural
information of the functional motor remain elusive. That is why I set out to carry out the ECT
analysis of the intact flagellar basal body in the cell. However, the resolution is limited due to the
thickness of bacterial cells that are approximately 1 pum, which is too thick even for 300 keV
electrons to penetrate through. I therefore constructed Salmonella minicell to make the cell size
small enough to visualize the cellular structures in detail. I was able to prepare minicells of about
0.4 um in diameter, which allowed the 3D structure of intact flagellar motor to be revealed in situ
at a few nanometer resolutions by subtomogram averaging. Comparison with the structure of the
purified basal body revealed two density features that appear to correspond to the export
apparatus.

Mycoplasma penumoniae, a pathogen causing human pneumonia, binds to solid surfaces
at its membrane protrusion and glides by a unique mechanism. However, the adhesion and gliding
mechanism is not well understood because the structural information of proteins under adhering
and gliding conditions is limited. I therefore carried out the structural analysis of the attachment
organelle of Mycoplasma penumoniae using ECT. The structure around the attachment organelle
can be divided into five parts: surface structure (nap), segmented paired plates, terminal button,
wheel complex and translucent area. Among them, segmented paired plates are known to be
composed of thick and thin plates. I found that the thin plate is composed of parallel fibers in a
lattice arrangement. Interestingly, HMW1, which is potentially a major component of the paired
plates, has sequential similarities with the S-layer proteins of Clostridium novyi NT. The S-layers
have five types of periodical lattice patterns. The lattice structure of the thin plate corresponded to
the lattice pattern p2 of the S-layer, indicating that the thin plate is likely to be composed of
HMW]1. Surprisingly, the periodical arrangement of surface structures were also revealed in a
manner similar to that observed as the lattice structure of the thin plates. These results suggest
that there is direct relationship between the nap structure and the thin plate.
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