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Abstract

In this study, the protoplasts from tobacco BY-2 (Nicotiana tabacum) were used to determine
whether cells can be induced to expand in a preferential direction in response to an externally ap-
plied centrifugal force. Spherical protoplasts were embedded into agarose block. Constant uniaxi-
al pressure released by a centrifugal force was imposed on the block. The results showed that
protoplasts elongated with a preferential axis oriented perpendicularly to the applied force direc-
tion, according to a certain dose-dependent relation between the intensity of centrifugal force and
the stress induced responses. The microtubules with centrifuged protoplasts were found to be
oriented parallel to the centrifugal force direction.
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Figure 1. Microscopic observation of tobacco protoplasts embedded in agarose
gel. (A) The protoplasts unloaded centrifugal force; (B) The protoplasts did not
exhibit obvious plastic deformation immediately after loading 9 h. White arrow
shows the orientation of centrifugal force; (C) After incubation for 4 d, the pro-
toplasts tended to elongation with an axis perpendicular to the externally ap-
plied centrifugal force. The white dotted ellipses show the cell’s outline. White
arrow shows the orientation of centrifugal force; (D) The orientation of the
protoplasts elongation is random under the culture for 4 d without loading cen-
trifugal force. The white dotted ellipses show the cell’s outline. Bar = 20 um in
(A), (B), (C) and Bar = 30 pm in (D)
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Figure 2. Distributions of the axis of elongation of regenerated protoplasts cultured for 4 d. The axis of elongation, relative
to the direction of the centrifugal force, was measured for >150 cells per experiment. Values represent the sum of four sep-
arate experiments. (A) Cells that were not centrifuged. P = 0.73; (B) Cells that were centrifuged for 9 h. P = 0.001. The P
values indicate the probability that the distributions are random
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Figure 3. Effect of the intensity of loading force on the
preferential orientation of embedded protoplasts
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Figure 4. Effect of loading force time on the preferential
orientation of embedded protoplasts
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Figure 5. Change of cell wall synthesis during the course of tobacco
protoplast culture and cortical microtubules reorientation protoplasts
subjected to a centrifugal force. (A)-(H) Showed the change of cell wall
synthesis that was stained with Calcofluor White every 1 h during the
course of protoplasts culture; (1)-(K) Showed the change of cortical mi-
crotubule; (1)-(J) Indicated uncentrifuged protoplasts have cortical mi-
crotubules that arranged in a random configuration; (K) showed that
cortical microtubules are arranged in a relatively parallel configuration
relative to the centrifugal force. The white thick arrow shows the ori-
entation of centrifugal force, and the thin arrow shows that the micro-
tubule bundles. Bar = 20 pm
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