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Summary. Long lasting action potentials can be triggered in crayfish giant motor neurons by a short depolarizing pulse 
under different conditions. The concomitant increase in absorbance of the Ca indicator arsenazo III preloaded into the 
soma, confirms previous observations suggesting that these potential changes are related to a Ca inward current through 
the soma membrane. 

The giant motoneurone (MoG) is a large cell, found bi- 
laterally in the crayfish abdominal ganglia. Early work 1 
suggested that the cell soma does not show any regenerative 
action potential in response to a depolarizing pulse, but it is 
now known that regenerative responses can be recorded 
under certain conditions. For instance, when the K + con- 
ductance of the membrane is reduced (either by TEA 8 or 
following inactivation by a conditioning depolarisation), a 
slow action potential (SAP) may be triggered by a short 
depolarization. This response is most probably due to an 
influx of Ca 2+ ions, since it depends upon the presence of 
Ca ~+, but not Na + in the bathing solution, and is blocked 
by Co 2+ and Mn 2+, but not by TTX 2. In the preparations 
pretreated with TEA, the SAPs can also be recorded at 
more hyperpolarized levels than the normal resting poten- 
tial. TEA is effective either injected into the MoG soma or 
added to the saline 3. In this paper most of the results were 
obtained in this way when TEA was added to the solution. 
We report below that the internal free Ca concentration 
increases during the SAP, as demonstrated by the change in 
absorbance of the Ca z+ indicator dye arsenazo lII pre- 
loaded into the MoG soma. This observation strengthens 
previous observations suggesting that SAP is associated 
.with an influx of Ca 2+ ions. 
Methods. Experiments were carried out on the giant motor 
neurons of the crayfish Procambarus clarkii. The ventral 
chord was dissected and perfused with Van Harreveld's 
solution containing (in raM): NaC1 195; KC1 5.4; CaC12 13; 
MgC12 2.6; Tris maleate 10, adjusted to pH 7.2 by NaOH. 
The 2nd, 3rd and 4th ganglia were desheathed and used for 
the experiments. The membrane potential was monitored 
by conventional electrophysiological techniques using a 
3 M KC1 electrode. A 2nd electrode filled with an aqueous 

solution of 1 mM arsenazo III (Sigma grade 1) was also 
inserted in the MoG soma. The dye was injected by 
negative current pulses (500 msec, 1 Hz) which hyperpolar- 
ized the cell by 30-40 inV. The injection was stopped when 
the soma appeared just detectably stained as judged by eye. 
The Arsenazo electrode was then used for passing both the 
conditioning depolarizing current pulse and the brief (2- 
5 msec) pulse triggering the SAP. The intracellular calcium 
transients were monitored by recording the differential 
absorbance of the dye at 650 and 700 nm as previously 
described 4,5. 
Results. Typical responses obtained in TEA-treated prep- 
arations are shown in figure 1. The SAP was almost 
unchanged in Na-free solutions (fig. 1A). On the contrary, 
when Ca ++ was omitted from the bathing solution, the 
SAP was abolished (fig. 1B). These observations, together 
with the fact that Co s+ and Mn 2+, but not TTX, block the 
SAP make it ve_ry likely that the response is due to an influx 
of Ca 2+ ions 2'3. It is therefore interesting to look for 
possible changes in intracellular ([Ca 2+ ]i) during the SAP. 
Simultaneous records of membrane potential and arsenazo 
absorbance from a MoG cell soma are shown in figure 2. 
Following a conditioning depolarization from the resting 
p o t e n t i a l  (Vr = 66.9 mV+ 5.3; N =  59), a long lasting action 
potential is elicited by a brief depolarizing pulse in prep- 
arations not treated with TEA (fig.2A). During the SAP a 
rise in arsenazo absorbance is seen, which returns slowly to 
the baseline after the cell has repolarized. This indicates 
that the intracellular free Ca 2+ level increases steadily 
throughout the duration of the SAP. Control records ob- 
tained at a wavelength of 570 nm (the isosbestic point of 
the dye) 5 demonstrated that the arsenazo Ca 2+ signal is not 
appreciably contaminated by any other optical changes 
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Figure 1. Effects of Na + and Ca 2+ removal 
upon the SAPs triggered at the resting po- 
tential in MoG pretreated for at least 30 min 
in solutions containing 75 mM TEA. 
A Before (left) and after (right) substitution 
of Na + by an equimolar concentration of 
choline. B Before (left) and after (right) 
total substitution of Ca 2+ by an equimolar 
concentration of Mg 2+. Top trace: intra- 
cellular potential; bottom trace: triggering 
current. 
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Figure 2. Arsenazo light responses (upper trace) and slow action potentials (lower trace) recorded in different conditions. The optical 
record is a differential recording of light transmission at the wavelength pair 650 700 nm. An upward deflection corresponds to an increase 
in dye absorbance at 650 nm, and signals an increase in free (Ca2+). The starting point of the arsenazo trace was reset at the beginning 
of each sweep. A In normal saline, the soma potential was shifted from the resting potential to - 45 mV about 5 sec before applying the 
triggering pulse. B, C, D Responses of another cell in the presence of 75 mM TEA, Single depolarizing pulses applied at holding potentials 
of - 65 mV (B) and - 50 mV (C) triggered action potentials of different duration. D Two depolarizing pulses were applied 2 sec apart 
at a holding potential of - 58 mV. In response to the 2nd pulse, the duration of both signals was decreased. 
Calibrations: Membrane potential = 20 mV, arsenazo signal expressed as LX I = 1.7 • 10 3 (A) and 3.6 • 10 .3 (B, C, D). 

dur ing the SAP. In a saline conta in ing  75 m M  TEA, a 
s imilar  t ransient  increase in absorbance  occurred dur ing  the 
SAP (fig. 2B). 
The  re la t ionship  be tween  the dura t ion  of  the SAP and  that  
o f  the rising phase  o f  the arsenazo signal could be  directly 
verif ied by two dif ferent  me thods  using the same cell: 1. 
The  SAP dura t ion  strongly depends  on  the ho ld ing  m e m -  
brane  potential .  W h e n  the lat ter  was shif ted f rom - 6 5  m V  
(fig.2B) to - 5 0  mV (fig.2C), bo th  the dura t ion  o f  the SAP 
and the rising phase  o f  the arsenazo signal increased by 
about  50%. However ,  the rate of  rise of  the arsenazo signal 
then decreased, the ampl i tude  be ing  similar  to that  ob-  
served at - 6 5  inV. 2. T he  SAP dura t ion  (and  to a m u c h  
lesser extent  its ampl i tude)  is very sensitive to repet i t ive 
act ivat ion 2. Two shor t  depolar iz ing pulses appl ied  2 sec 
apar t  to the same cell t r iggered SAPs of  decreas ing dura-  

t ion (fig.2D) though the 2nd SAP had  been  tr iggered at a 
slightly more  depolar ized level. Aga in  the dura t ion  of  rise 
of  arsenazo signal fi t ted that  of  the SAP. 
Unl ike  the o ther  motoneurons ,  M o G  does not  arbor ize  in 
the neuropi le .  Its neur i te  is very thin at the beg inn ing  and 
leaves the soma obl iquely  in a dorso-caudal  d i rect ion 6,7. 
The  area analyzed by the optical  system could thus be 
l imited by an  image of  a circular  d i a p h r a g m  focussed onto  
the larger par t  of  the soma. This  min imized  a possible 
cont r ibu t ion  of  o ther  parts  of  the cell to the recorded 
arsenazo signal. 
This  gives addi t iona l  ev idence  that  the SAP results f rom an  
inward Ca current  th rough the soma m e m b r a n e .  Quan t i t a -  
tive measu remen t s  of  [Ca2+], are now under  invest igat ion.  

2 +  The records in figure 2 show a s teady increase in [Ca ]i, 
which suggests that  most  of  the Ca L+ signal is due to a 
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steady inward flux. If most of the Ca 2+ signal were due to a 
sudden surge at the beginning of the SAP, the arsenazo 
signal should not show this steady rise. 
Furthermore, the time constant of the membrane (~  4 msec 
at rest) is much too small to account for the SAP duration. 
Since the SAP is still observed in Na-free solutions and 
requires external Ca 2+ (fig. 1), the increase in the arsenazo 
signal occurring during the long lasting depolarization is 
most probably due to the Ca 2+ entering the cell rather than 
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to Ca 2+ released from cytoplasmic pools secondary to 
depolarization. Thus a more precise characterization of the 
Ca channels and of the mechanisms underlying their inacti- 
vation may be expected from the use of the arsenazo dye. 
The kinetics of Ca 2+ entry and Ca 2+ removal obtained 
from the arsenazo signal will be especially useful for 
studying whether internal Ca 2+ concentration affects Ca 
conductance on this preparation as it does in other prepara- 
Lions 9,11. 
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Summary. Bursts of electrical impulses which spread throughout the entire colony were recorded from individual zooids of 
Selenaria. Strong illumination caused a rapid increase in the frequency of bursts and also caused the colonies to start 
moving, usually towards the light. The recorded electrical activity may act to trigger locomotor behavior. 

Bryozoa are generally small, colonial, sessile animals com- 
monly found encrusting as flat sheets on rocks or seaweed 2. 
Adjacent zooids in the colony are interconnected, and in 
some species at least there appears to be a colonial nervous 
system 3-5. Thorpe et al. 6'7 recorded nerve impulses travel- 
ling across the colony of Membranipora membranacea (L.) 
in response to electrical or mechanical stimulation of the 
frontal membrane of a single zooid. The impulses were 
recorded from the surface of the colony and were found to 
influence retraction of the lophophores (ciliated food- 
collecting tentacles). 
In contrast to these simple, sessile colonies, the family 
Selenariidae (Cheilostomata, Anasca) includes free-living 
species which show some remarkable behavior patterns 8'9. 
The conical colony of S. maculata (Busk.) is illustrated in 
figure 1. The first reported observations of living Selenaria 
were made by Cook and Chimonides 8'9 who found that the 
peripheral avicularian setae (which in other Bryozoa act to 
clean the colony surface of detritus) can raise and support 
the colony, and propel it over the substratum at rates of up 
to 1 m/h. Colonies move laterally in a random manner 
except when strongly illuminated from one side when they 
move towards the light 8'9. We have used electrophysiologi- 
cal techniques to investigate the neural basis of locomotion 
in Selenaria, and the response to light. 
Methods. Colonies of S. maculata were collected from near 
Townsville (Queensland, Australia) and flown to Swansea 
where they were maintained in synthetic seawater (Instant 
Ocean) at 26 ~ Glass-tipped suction electrodes of about 
100 ~tm diameter were used to record from the frontal 
membrane of individual zooids, and the electrical activity 
was amplified, displayed on a storage oscilloscope (Tektro- 
nix 5111) and photographed with a Polaroid camera. 

Strong illumination was provided by a 3 kW tungsten lamp, 
the light first passing through water to absorb the heat. The 
level of illumination was varied between 1.3 and 42 W/m 2 
for wavelengths of 400-700 nm (behavioral responses 9 are 
produced by wavelengths of 400-560 nm). 
Results and discussion. Under normal laboratory lighting 
(about 1.3 W/m 2) colonies usually showed no locomotion 
and little movement of the setae. Recordings from individ- 
ual zooids showed bursts of impulses (fig. 2) occurring at 
irregular intervals of at least 1 min and often more than 
10 min. In confirmation of the studies by Cook and 
Chimonides 8'9 increased irradiance (up to 42 W/m 2) initiat, 
ed or increased setal movements within 2 min and colonies 
were observed to move (usually towards the light) within 
10 min. Increased light intensity produced a rapid increase 
in frequency of bursts which persisted for the duration of 
the illumination and then returned to previous levels within 

Figure 1. Lateral view of a living colony of Selenaria maculata 
(Busk) supported above the substratum (a glass plate) by the 
peripheral and subperipheral avicularian setae. Diameter of colo- 
ny, 15 mm. (Photograph courtesy of Mr P.J. Chimonides). 


