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Manipulation of Single Cells in Liquid by Electrostatic Force
in Combination with Optical Pressure

M. IMAMURA*, K. Hosor* and A. MIiZzUNO*
(Received April 6, 1989)

In order to manipulate biological cells or molecules, the opt-electrostatic micro-manipulation
has been proposed utilizing electrical force in combination with optical pressure of focussed
laser beam. The optical pressure has two components, the optical confinement pressure and
the optical drift pressure. Due to the optical confinement pressure, cells can be confined in
the focussed laser beam. The confined cells are pushed away toward downstream of the laser
by the optical drift pressure. The optical drift velocity of yeast cells dispersed in water was
measured using an Ar laser, and was 460 gm/s at the laser power of 500 mW. The combina-
tion of the light pressure and the electrical force was made using an electrode system having
an insulating slit. The laser was focussed at the center of the slit, where a dc electric field
was formed. The yeast cell acquired negative charge in deionized water. The cell, confined
in the laser beam, could be manipulated on the axis of the laser beam by adjusting the dc
voltage and the laser power. As an example, a cell feeder was constructed, by which single
cell can be fed successively on the beam axis. An extraction process of yeast cells in water
to air was also tested utilizing the optical pressure and the electrical force. A cell was optically
transported to the surface, where a dc electric field was formed to extract the cell. This
process may be used to supply biological cells or molecules into gas or vacuum where high
speed sorting or analysis can be made.
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Fig. 1 Experimental apparatus for observation of
particle motion by the light pressure.
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Fig. 2 Opt-electrostatic micro-manipulation device.
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Fig. 3 Cell extraction device.
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Fig. 4 Sequence photographs of yeast cell motion
by light pressure.
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Fig. 5 Relationship between the optical drift
velocity and the laser power.
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Fig. 6 Manipulation of the confined yeast cell by

scanning the laser beam.
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Fig. 7 Manipulation of the confined yeast cell
using double laser beams.
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Fig. 9 Confinement of yeast cells using the electro-
phoretic force.
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