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High speed sorting of plant protoplasts and fused protoplasts has been required in the field
of plant bio-engineering. For this purpose, cell sorters can possibly be used. Plant protoplasts
are however mechanically very fragile and easily be destroyed when they are sprayed at a
nozzle of a cell sorter, and it is difficult to obtain the same sorting speed as that for animal
cells. The purpose of this paper is to estimate the maximum membrane tension, Tmax, of a
protoplast at the nozzle, and to discuss the sorting conditions to improve its speed. The
theoretical value of Tmax, is calculated using the measured value of the deformation ratio, K,
and the membrane tension, T4, at the mechanical breakdown of the cell. Tmax is expressed
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As=25°. B is also a constant determined by As. Vs is the spray velocity, Dp is the diameter
of the protoplast and Dn is the diameter of the nozzle. The theoretical maximum droplet

as where Cp is a constant when K=1.8 and the squeezing angle of the nozzle,

formation frequency, fmax, is given as fmax= Dpm is the maximum di-
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ameter of the protoplasts, which can be sorted without destruction. This equation indicates
that the value of fmax is independent from Dp and Vs. In order to raise the sorting speed,
the results indicate that the decrease in Dp or the increase in Tq is effective. This conclusion
supports the experiments made by other researches to improve the sorting speed by raising
the osmotic pressure (decrease in Dp) or reducing the temperature (increase in Ta) of the
protoplasts suspension. The results also indicate that the increase in the nozzle diameter or
the decrease in the spray velocity is not effective to increase the sorting speed.
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Fig. 1 Liquid flow at the nozzle.
O : the origin of the polar cordinates (#,6),
As : the squeezing angle of the nozzle, Du:
the nozzle diameter, 7: the distance from
O to top of the nozzle, (Xo,0) : the coordi- -
nates of the center of the protoplast.
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Fig. 2 Squeezing pressure, P, and the membrane
tension of a deformed protoplast.
24 : the major axis, 2B : the minor axis, P:
the squeezing pressure, Pn : normal squeez-
ing pressure, V :the spray velocity, R : the
radius of curvature.
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Fig. 3 Membrane tension, T generated by the

squeezing pressure around the protoplast
with Dp=30 #m, A=18 pm, K=1.8, Xo=r¢+
20 pm.
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Fig. 4 Variation of the membrane tension, Tm, as
a function of the location of a protoplast,
Xs, in a nozzle.
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Fig. 5 Measurement of the membrane tension at the breakdown of a cabbage protoplast, T4,

by the micropipet-suction method.

Breakdown conditions : Pa=1.3kPa, Dp=30 pgm, Dm=10 pm, Ta=4.8 mN/m.
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Fig. 6 Variation of passing rate, Rs, for carrot,
cabbage, lettuce and santona cabbage proto-
plasts as a function of spray velocity, Vs.
Experimental conditions ! Da=200 #m, As=
25°, Dp=30~35 p#m.
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Fig. 7 Relationship between the destruction velo-
city, Va, and the membrane tension, T4,
for carrot, cabbage, lettus and santona proto-
plasts.

Experimental conditions : Dn=200 gm, As=
25°, Dp=30~35 pm.
Calculated conditions : Dn=200 #m, As==25°,
Dp=30 pm, K=1.8.
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Fig. 8 Theoretical relationship between the max-

imum membrane tension, Tmax, and the
spray velocity, Vs.

Calculated conditions : Dn=150~250 #m, As
=25°, Dp=30 gm, K=1.8.
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Fig. 9 Variation of the passing rate, Rs, of cabbage
protoplasts as a function of the spray velo-
city, Vs.

Experimental conditions : Da=150, 175, 200,
220 pm, As=25°, Dp=30~35 pgm.
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Fig. 10 Relationship between the destruction velo-
city, Va and the nozzle diameter Dn and
between V (Tu=5.0) and Dn for cabbage
protoplasts.

Experimental conditions: Dn=150~220 pm,
As=25°, Dp=30~35 um.

Calculated conditions: Dn=150~220 pm, As
=25° Dp=30 pm, K=1.8, Ta=5.0 mN/m.
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Calculated conditions: Dn=150~250 pm, As
=25° Dp=30pm, K=1.8, Vs=5 m/s.
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Fig. 12 Variation of the passing rate, Rs, of cab-
bage protoplasts as a function of spray
velocity, Vs.

Experimental conditions : Da=200 gm, Ae
=2v120°, Dp=30~35 pm.
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Fig. 13 Relationship between the destruction velo-
city, Va4, and the squeezing angle, 4s and
between V (Ta=5.0) and As for cabbage
protoplasts.

Experimental conditions : Du=200 #m, As
=2m~120°, Dp=30~35 pm.

Calculated conditions : Dn=200 gm, As=2~
120°, Dp=30 pm, K=1.8, Ta=5.0 mN/m.
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Fig. 14 Theoretical relationship between the mem-
brane tension, 7max and the squeezing
angle, As.

Calculated conditions: Dn=200 gm, As=2~
120°, Dp=30 pm, K=1.8, Vs=5m/s.
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Fig. 15 Variation of the ratio, B, of Tmax(As)/

Tmex (As=25°) as a function of the squeez-
ing angle, As.
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Fig. 16 Variation of the passing rate, Rs, of cab-
bage protoplasts as a function of spray
velocity, Vs.

Experimental conditions : Dn=200 #m, As
=25°, Dp=20rv40 pm.
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Fig. 17 Relationship between the destruction velo-
city, Va and the protoplast diameter, Dy,
and between V (Ta=5.0) and Dp for cab-
bage protoplasts.

Experimental conditions; Dn=200 gm, As
=25°, Dp=20~40 pm.

Calculatd conditions; Dn=200 #m, As=25°,
Dp=20~40 pm, K=1.8, Ta=5.0mN/m.
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Fig. 18 Relationship between the membrane ten-
sion, Tmax and the protoplast diameter, Dyp.
Calculated conditions; Dn=200 pm, As=
25°, Dp=20~40 pm, K=1.8, Vs=5m/s.
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