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Atomic Force Microscopyd AFM O plays important roles in nanobiology. We here review the
recent development and application of AFM technology from the technical point of view. In
the visualization mode, AFM produces not only static images at lower time-resolution in the
seconds to minutes, but also motion images at higher time-resolution in the milliseconds.
Furthermore, AFM combined with fluorescent techniques can now address varieties of bio-
logical questions from genes to proteins and from proteinsto cells. In the force mode, the tip
directly interacts with the molecules of interests to measure the inter- and/or intra-molecu-

lar physical properties.

atomic force microscopy / nanoimaging / single molecular dynamics/ mechanical sensor / nanofabrication
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Fig.1 Principle of AFM. When AFM scans a sample on the
stage, location of the tip is controlled by the feedback
loop such that the force between the tip and the sample
stays constant. Cantilever deflection corresponds to
the surface shape of the sample. The sample height
is measured by the optical lever method, which detects
angular displacement of the laser beam from the back
of the cantilever.
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Fig.2 Examples of the tapping mode imaging.O all Circular
plasmid DNAC pBluescriptIl K$] O [J, 3.0 kb, 2x 2
pum20.0 bO In vitro reconstituted chromatinC 1.5x 1.5
um20.0 cd Human metaphase chromosome( 6.2 x
6.2 um?20.0 d0 Yeast cellsC] 40 x 40 um>L.
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Fig.3 Real time observation of myosin V molecule in
solution by fast AFM™". Dynamics of myosin V is directly
observed by the fast AFM in solution. Arrows 1, 2, and
3 indicate the head/neck region, the long tail, and the
globular tail end, respectively. Scan area is 240 x 240
nm?, and the frame rate is 12.5 frame/sec 0 80
msec/framel].
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Fig.4 Combination of AFM and other fluorescent techniques.
0 a0 AFM combined with fluorescent microscope.Od b
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fluorescent molecules in the limited area just below the
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region of a barley chromosome. Topography and
fluorescent signals of the telomeric repeat can be
obtained simultaneously. These images are provided
by the courtesy of Dr. Ohtani, National Food Research
Institute.
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Fig.5 Single molecule force measurements. Mechanical
properties of single molecule can be measured by the
force mode AFM. The force can be calculated from the
spring constant and deflection of the cantilever.
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