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Fig.1. High—pressure microscope. (A) High—pressure chamber and separator. (B) High-pressure pump.
(C) Dismounted parts of the high—pressure chamber. (D) Schematic drawing of the experimental setup
(not to scale).
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Fig.2. Motility of smooth-swimming cells. (A) Trajectories of RP4979 cells. The positions of the cell
were plotted every 10th frame for 5 s. (Inset) Trajectory of a cell at 80 MPa for 5 s on an expanded scale.
Scale bar, 2 pm. (B and C) Swimming fraction and speed during the pressurization (solid circles) and
depressurization processes (open diamonds). Swimming fractions were based on the number of cells
that swam with a speed of >2 pum s™ at each pressure. The speed was the average value of the swimming
cells in C. Error bars represent the SD. (D) 2MSDs plotted at every frame for 5 s (40 and 60 MPa) or
every 10 frames (70 and 80 MPa) (n = 46-59, total = 202). Data were fitted by (v#)* and/or 4D, t, where
v is the translational speed, D, is the diffusion constant, and 7 is time (40 MPa, v=11 um s'; 60 MPa,
v=52ums"; 70 MPa, v=1.0 pm s and D, ,=0.35 pm’s™'; 80 MPa, D, ,=0.25 pum”s™).
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Fig.3. Torque generation of single flagellar motors. (A) Experimental system (not to scale). (B)
Sequential phase-contrast images of the same rotating tethered cell were taken at every frame.
Arrowheads indicate completion of a turn. (C) Time courses of rotations of the same cell at each
pressure condition (CCW positive).
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Abstract

Hydrostatic pressure is one of the physical stimuli that characterize the environment of
living matter. Many microorganisms thrive under high pressure and may even physically or
geochemically require this extreme environmental condition. In contrast, application of
pressure is detrimental to most life on Earth; especially to living organisms under ambient
pressure conditions. To study the mechanism of how living things adapt to high-pressure
conditions, it is necessary to monitor directly the organism of interest under various
pressure conditions. Recently, we constructed a high—pressure microscope that enables us
to acquire high-resolution microscopic images, regardless of applied pressures. The
developed system allowed us to monitor the motility of swimming Escherichia coli cells.
The fraction and speed of swimming cells decreased with increased pressure. At 80 MPa,
all cells stopped swimming and simply diffused in solution. Direct observation of the
motility of single flagellar motors revealed that the motors function even at 80 MPa. The
discrepancy in the behavior of free swimming cells and individual motors could be due to
the applied pressure inhibiting the formation of rotating filament bundles that can propel
the cell body in an aqueous environment.

Keywords : Bacterial motility, Flagellar motor, High-Pressure Microscope
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