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Deformation Process of a Plant Protoplast in Electric
Field and Membrane Breakdown Mechanism

M. HARA,* ], SUEHIRO* and H. HORAMURA*
(Received June 1, 1990)

This paper deals with deformation process of a plant protoplast isolated from Daucus carota
in high frequency electric field, and also breakdown mechanism of the cell membrane with
pulse electric field. A spherical protoplast is deformed into a rotational ellipsoid under the
action of Maxwell stress in the high frequency electric field. The value of elastic area com-
pressibility modulus of the membrane derived from the experimental results and an elastic
theory is about 200 mN/m, and in good agreement with results by other measurement technique.
With rather moderate high frequency electric field, a transient cell movement with pulse ap-
plication is observed prior to cell rupture, and may be attributed to a hydrostatic flow generated
by electroosmosis. The membrane tension produced by the electric field through cell deforma~
tion process is not high enough to lyse the membrane, although aggregation of intramem-
branous macro molecules such as proteins by the field may have a considerable effect on
reversibility of the membrane electrical breakdown.
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Fig. 1 Schematic diagram of experimental setup.
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Fig. 2 Calculated potential distribution in electrode
system with dielectric insertion.
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Fig. 3 Dielectrophoretic cell motion in electrode
system.
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Fig. 4 Cell deformation process in HF electric field.
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Fig. 5 Dependence of cell deformation on HF
electric field strength.
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Fig. 6 Cell lysis with pulse electric field applica-
tion.
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Fig. 7 Effect of HF electric field strength on lethal potential difference across membrance.
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Fig. 8 “Knocking” phenomenon observed with
pulse application.
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Fig. 9 Theoretical dependence of cell deformation
on HF electric field strength.
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Fig. 10 Theoretical dependence of membrane ten-
sion on HF electric field strength.
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