
 

3-D model shows bacterial motor in action
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Figure 1: Bacterial flagella are generated from the cell surface (A). Motors are
buried within the cell membrane at the bases of flagellar filaments (indicated by
white arrows). The motor part is shown by the cross-section of three-dimensional
tomogram images using cryo-electron microscopy (B). The white-dashed line in
(B) is enlarged in (C). The densities of the C-ring and the transport apparatus
(EXP and ATPase) are easily observed. Credit: Jun Liu

Nagoya University scientists in Japan and colleagues at Yale University
in the US have uncovered details of how the bacterial propeller, known
as the flagellum, switches between counterclockwise and clockwise
rotation, allowing it to control its movement. The findings were
published in the journal eLife and include a model that shows structural
changes happening within portions of the flagellar motor.

Vibrio bacteria are rod-shaped organisms that live in coastal waters.
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They can cause serious intestinal and soft tissue infections that can
ultimately lead to septic shock and multiple organ failure. "Vibrio
infections are expected to increase as water temperatures rise due to 
climate change," says Nagoya University supramolecular biologist
Michio Homma. "They have evolved a sophisticated flagellum-driven
motility to facilitate their invasion of host organisms. We wanted to
visualize how their motors switch between clockwise and
counterclockwise rotation to further understand this movement."

To do this, Homma and his colleagues used an advanced imaging
technique called cryo-electron tomography, in which images are taken of
frozen samples as they are tilted to produce 2-D images that are
combined to produce a 3-D reconstruction. The scientists used samples
from two mutant Vibrio bacteria whose flagella only rotated in the
clockwise or counterclockwise direction. This allowed them to compare
the two movements and deduce the changes happening within the
bacteria's motor to switch directions.

"Our comparative analysis and molecular modeling provide the first
structural evidence that the flagellar motor undergoes a profound
rearrangement to enable the rotational switch," says Homma.
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Figure 2: The flagellar motor is formed of a series of rings bound by proteins.
The scientists looked specifically at the C-ring (blue), which is present inside the
bacterial cytoplasm. The C-ring is formed of FliG, FliN and FliM proteins. The
scientists found that during the switch from counterclockwise to clockwise
rotation, part of FliG moves, exposing its charged residues so they interact with
the stator. Credit: Jun Liu

The scientists found that the switch from counterclockwise to clockwise
involves a signaling protein, called CheY-P, binding to a protein, called
FliM, in the flagellar motor's C-ring. This causes another motor protein,
called FliG, to move in a way that exposes charged residues on its
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surface to a transmembrane protein, called PomA, that forms the
stationary part of the motor, called the stator, along with another protein
called PomB. The interaction between FliG residues and PomA probably
leads to changes in the stator that result in an ion flow generating torque,
which ultimately rotates the C-ring.

"Cryo-electron tomography is rapidly evolving, making it increasingly
possible to reveal motor structure at higher resolutions," says Homma.
"This current study provides one of the highest resolution images by cryo-
electron tomography of the Vibrio flagellar motor. This and future
studies will further our understandings of the flagellar assembly and
function."

The study was a collaboration between Nagoya University and Jun Liu's
group at Yale University. Ph.D. student Tatsuro Nishikino was supported
by Nagoya University's Integrative Graduate Education and Research
Program in Green Natural Sciences.

The paper, "The flagellar motor of Vibrio alginolyticus undergoes major
structural remodeling during rotational switching," was published online
in the journal eLife on September 7, 2020.

  More information: Brittany L Carroll et al. The flagellar motor of
Vibrio alginolyticus undergoes major structural remodeling during
rotational switching, eLife (2020). DOI: 10.7554/eLife.61446
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