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Direct Observation of the Motility of Biological Nanomachines at High Pressure

ic]UN: 23

Masayoshi NISHIYAMA

Molecular motor is a typical molecular machinery in which the characteristic features of proteins are integrated;
these include enzymatic activity, energy conversion, molecular recognition and self-assembly. These biologically
important reactions occur with the association of water molecules that surround the motors. Applied pressures
can alter the intermolecular interactions between the motors and water. Here, we describe the development of a
high-pressure microscope and a new motility assay that enables the visualization of the motility of molecular mo-

tors under conditions of high pressure.
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(Color online) High-pressure chamber for opti-
cal microscopy. (a) Cross section of the high-pressure
chamber. (b) Disassembled components of the chamber
with a coin (diameter 23.5 mm) shown for size compari-
son.

Fig. 1.
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(Color online) High-pressure microscope. (a) Schematic drawing of the experimental setup (not to scale). (b—d)

Photographs of the high-pressure microscope; High-pressure chamber (b) and separator (c), High-pressure pump (d).
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Fig. 3. (Color online) (a) Various microscopic images
of the same 1-um beads at 100 MPa. The acquired images
were displayed without processing contrast enhancement
and brightness offset. (b) Intensity profile of the bead at
0.1 (open circles) and 100 MPa (solid circles) . The inten-
sity profile of the same bead was plotted at each pixel in
the x direction. The arrows in A indicate the correspond-
ing original images.
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Fig. 4. (Color online) Stepping rotation of F;-ATPase. (a) Experimental systems. (b) Time courses and their centroid
traces of the rotation of F;-ATPase at 200 nM ATP. (c) Rising phase of single 120° step on an expanded scale at 120 MPa
and 200 nM ATP. (d) Rotational rates as a function of ATP concentration at 0.1 (circles), 60 (triangles) and 120 MPa
(squares). (e) Pressure dependence of the apparent ATP binding rate, k3% (squares) and maximum ATP turnover rate,

3 X Ve (circles).
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