Control of ciliary beating by neurotransmitters
in sea urchin larvae.
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Summary

Regulation of ciliary beating by neurotransmitters in sea urchin pluteus
larvae was studied at a cell level. The ciliary beat direction and fluctuation of the
beat period were analyzed from recordings of the movement of a single cilium.

When dopamine was applied to larvae of Pseudoceniroius depressus ,
cilia began and continued to rotate the beat plane to the opposite direction without
changes in bending configuration. This new type of ciliary response was termed the
"beat-plane turning response (BPTR)", and the resultant beating "turned beat". In
sea urchin larvae, it is known that cilia show "reversal response’, in which they
immediately reverse the beat direction in response to electrical stimulation. BPTR is
completely different from the reversal response Iin that it accompanies gradual
changes in beat plane while the wave pattern was maintained during response.
Reversal response, similar in appearance to that before BPTR, could be induced by
electrical stimulation even during BPTR. This suggests that mechanisms for BPTR
and ciliary reversal work independently. If BPTR is used to cause larvae to swim
backward under nervous control, it may serve as a novel type of requlatory
mechanism of the behaviour.

The rotation of beat plane with little changes in bending wave pattern
suggest the rotation of the whole motile apparatus without changes in the internal
motile activities (model R) or alternatively modulation of the internal activities without

rotation of the whole apparatus (model A).

It was also demonstrated that serotonin and dopamine have effects on



ciliary beat periods in P. depressus and Hemicentrotus pulcherrimus. Although the
beat frequency of individual cilia fluctuated, the mean responded consistently to
these neurotransmitters. The mean frequency was reduced by dopamine and
increased by serotonin, while the standard deviation was increased and decreased

by these neurotransmitters, respectively. Short term fluctuation in sequential beat

period of a single cilium was also measured. It was increased by dopamine and

decreased by serotonin. This suggests that beat period fluctuation beat by beat can
he controlled by neurotransmitters. There was low correlation between angular

velocity and ciliary beat period. This suggests that fluctuation of beat period may be

requlated by other mechanisms from that of sliding activity.

Epithelial cells of sea urchin larvae have only one cilium per one cell.
These cells isolated from larvae were used for detail analysis of ciliary movement.

Isolated cells were held by micropipette to asses the effect of neurotransmitters

quantitatively. The BPTR was observed in an isolated cilium in response to
dopamine. This shows that the cells can respond to dopamine and turn their ciliary

beat plane. The BPTR occurred in the absence of Ca** in the external solution.
This fact shows that the BPTR does not need Ca?* influx from the cell exterior via
membrane channels. A new type of ciliary beating in which cilia beat in either

direction with forms of the recovery stroke was observed. This beating was

restricted only to isolated cilia, and has never been seen in epithelial cilia. This fact

indicates that the recovery stroke can be separated from and replace the effective

stroke.



Instability of beat period did not significantly change after isolation of
cells. It undergoes the same control by neurotransmitters as before isolation. In the
presence of dopamine, beat period may be elongated by insertion of pauses mainly
at the end of the effective stroke. This is consistent with that angular velocity and
stability of beat period are controlled by independent systems, i.e., one for control of
angular velocity and the other for changes in the location of switching from the

effective stroke to the recovery or inserting pauses between them. Only the latter

may be regulated by neurotransmitters.

Cilia of sea urchin larvae have systems that react to neurotransmitters

and change their movement, by controlling bending configuration and stability of the

beat period.





