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Two patterns of neural activity were identified in excised 
buccal ganglia of Aplysia californica. Both are expressed in 
many cells, and each can be expressed independently. Us- 
ing cells B4 and 85 as monitors of the activity patterns, we 
searched the buccal ganglia for ceils initiating the patterns. 
Two electrically coupled cells, 831 and B32, can initiate what 
we termed pattern 2. The cells are active before pattern 2 
is expressed. Stimuli initiating pattern 2 excite B31 lB32. De- 
polarizing B31 /B32 induces the pattern, while hyperpolar- 
izing them can prevent its expression. The cells have un- 
usual features. Their somata do not sustain conventional 
action potentials, and depolarization causes a regenerative 
response. B33 differs from 831 /B32 in that its soma sustains 
conventional action potentials but otherwise has similar fea- 
tures. 834 also seems to be inexcitable but has weaker syn- 
aptic input than 831 lB32 and appears unable to induce pat- 
tern 2. B35 and 836 have prominent regenerative capabilities. 
B35 is also able to initiate pattern 2. B37 is presynaptic to 
B31/B32 and can initiate pattern 2 via its effects on them. 
The newly identified cells provide a starting point for inves- 
tigating factors that initiate and control different patterns of 
neural activity in the buccal ganglia. Since the buccal ganglia 
are involved in generating feeding behavior, further studies 
on the newly identified cells may provide insights into the 
neural control of feeding behavior, and provide a neural sub- 
strate for studying modulation of the feeding patterns by 
associative learning. 

Feeding in Aplysia is a useful system for investigating neural 
mechanisms of associative learning (Susswein and Schwarz, 1983; 
Schwarz and Susswein, 1986; Susswein et al., 1986; Schwarz et 
al., 1988) and other forms of behavioral plasticity (Kupfermann 
and Pinsker, 1968; Kupfermann, 1974a; Susswein and Kupfer- 
mann, 1975a, b; Susswein et al., 1976, 1978; Weiss et al., 198 1). 
While much is known about sensory, motor and modulatory 
neurons in the feeding motor system (Cohen et al., 1978; Weiss 
et al., 1978; Fiore and Meunier, 1979; Rosen et al., 1979, 1982; 
Jahan-Parwar and Fredman, 1983; Jahan-Parwar et al., 1983; 
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Lloyd et al., 1984) little is known about command neurons and 
pattern generators initiating feeding. As a first step in addressing 
this issue, we have sought to identify neurons that control the 
generation of patterned activity in the buccal ganglia, which 
may be responsible for generating feeding movements. 

Our approach was to characterize patterned neural activity 
in the isolated buccal ganglia and then find cells initiating the 
patterns. We used identified cells B4 and B5 (Gardner, 1977; 
Gardner and Kandel, 1977) as monitors of activity. B4 and B5 
were chosen since previous studies showed that they receive 
inputs from many cells (Rosen et al., 1982) and in turn have 
widespread effects on other cells in the buccal ganglia (Gardner, 
1977; Gardner and Kandel, 1977; Fiore and Meunier, 1979). 
B4 and B5 are identical in all of their properties, except that 
they innervate different groups of muscles. In this report we 
treat the 2 cells interchangeably. 

We found that 2 activity patterns are readily identified in the 
isolated buccal ganglia of Aplysia. In addition to occurring spon- 
taneously, one pattern is elicited by nerve stimulation. We iden- 
tified a group of neurons whose activity seems crucial to initiate 
one pattern. The neurons are characterized by a high degree of 
electrical coupling and by unique properties that have not been 
observed previously in the Aplysia nervous system. The prop- 
erties may be related to the function of these cells as initiators 
of patterned activity. A preliminary report of some of this work 
has appeared (Susswein and Byrne, 1986). 

Materials and Methods 
Experiments were performed on Aplysia californica obtained from Ma- 
rinus, Inc. (Westchester, CA) and Marine Specimens Unlimited (Pacific 
Palisades, CA). Animals were maintained in filtered artificial seawater 
(ASW) at 15°C. The data below are based on observations in 130 ex- 
periments. 

Prior to dissection, animals were anesthetized by injecting into the 
hemocoel a volume of isotonic MgCl, equal to 25-50% of the body 
volume. Either the isolated buccal ganglia or the buccal ganglia attached 
to the cerebral ganglion via the cerebrobuccal connectives were then 
removed from animals. No difference in patterned activity was found 
between preparations having or lacking the cerebral ganglion. Relatively 
long lengths of the buccal nerves were removed with the ganglia, so that 
electrical stimulation of individual nerves could be used to examine 
patterns of synaptic input to newly identified cells. Ganglia were then 
placed in a chamber filled with 50% ASW and 50% isotonic MgCl,. The 
connective tissue sheath overlying the neurons was then surgically re- 
moved. Following the dissection, the bathing solution was replaced with 
ASW buffered to pH 7.6 with Tris. In different experiments, both the 
rostra1 and caudal surfaces of the buccal ganglia were explored, but 
sampling was more extensive on the caudal surface (Fig. 1). Intracellular 
recording and stimulation were performed at room temperature (22- 
24°C) using conventional electrophysiological techniques. Measure- 
ments of the frequency and amplitude of the various patterns of activity 
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expressed in cells B4 and B5 were usually performed at the start of 
experiments. 

Results 
Burst patterns in the buccal ganglia 
Burst patterns in cells B4 and B5 and other buccal motor 
neurons 
Two well-defined activity patterns are expressed in identified 
cell B4 (Fig. 2A). The first pattern (pattern 1) was seen in 72/ 
130 experiments. It is characterized by a rhythmic depolariza- 
tion of B4 and B5 lasting 0.5-3 set tliat is often sufficient to 
produce action potentials. In many preparations the pattern was 
constant for long periods of time, while in others the rhythm 

Pattern 2 
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Figure 2. A, Spontaneous expression of 2 patterns of burst activity in 
B4. Occurrences of the patterns are marked. The expression of pattern 
1 occurs at a faster frequency and is associated with a smaller depolar- 
ization than pattern 2. B, Faster sweep speed of a portion of the record 
in A (the segment underlined) to show in greater detail the appearance 
of the 2 burst patterns. In addition to recording from B4, a recording 
was also made from a cell in the motor neuron region of the buccal 
ganglion. The recording shows that expression of pattern 2 in B4 often 
leads to a “butterfly” appearance of the discharge. The motor neuron 
hyperpolarizes in phase with the expression of pattern 1 in B4 but 
becomes depolarized and then fires in the latter portion of the expression 
of pattern 2 in B4. 

Buccal 
Nerves 

gradually became weaker during the experiment and eventually 
ceased. To quantify the frequency and amplitude of the depo- 
larization, the number of events occurring in a period of 2-5 
min was counted, in every preparation showing the pattern, and 
the peak amplitude of the depolarizing envelope underlying the 
spikes was estimated. The mean frequency of occurrence of 
pattern 1 was 19.3 f 14.6 (SD)/min and the mean amplitude 
was 6.4 * 3.5 (SD) mV. 

Pattern 2 was seen in 103/130 preparations. In cells B4 and 
B5 the pattern is characterized by a burst of action potentials 
superimposed on a sustained depolarization. The depolarization 
is sometimes sufficiently large that action potentials are partially 
inactivated, producing a “butterfly” appearance (see Fig. 2B, 
which represents a portion of the trace in Fig. 2A at a faster 
sweep speed). In I2 of the IO3 experiments exhibiting pattern 
2 (e.g., Fig. 2A), the pattern occurred spontaneously and was 
fairly regular. It occurred at frequencies ranging from O.S/min 
to S/min. Rhythmic firing associated with pattern 2 activity was 
usually expressed for no more than 5-10 min. In 57 experiments 
pattern 2 occurred spontaneously, but very erratically. In ad- 
dition to occurring spontaneously, pattern 2 could be reliably 
elicited by stimulation of various buccal nerves or intracellular 
stimulation of various cells in the buccal ganglia (see below). In 
34 preparations, pattern 2 was seen only when elicited by nerve 
or intracellular stimulation. There was considerable variability 
in the extent that B4 was depolarized, and in the number of 
spikes elicited, when pattern 2 was expressed. We compared the 
mean peak amplitude of the depolarizing envelope underlying 
2-5 bursts of activity in preparations that were regular, erratic, or 
in which pattern 2 activity could be obtained only by extrinsic 
stimulation. The mean amplitude of the depolarizing envelope 
was 24.3 ? 11.6 (SD) mV in regular preparations, 20.1 -t 8.1 
(SD) mV in erratic preparations, and 20.3 + 7.2 (SD) mV in 
preparations in which activity was exclusively evoked. These 
results indicate that the depolarization underlying pattern 2 is 
similar in all types of preparations and that it is considerably 
larger than that for pattern 1 (see above). 

The ventral portion of the buccal ganglia is almost entirely 
composed of large cells that are identified motor neurons for 
specific buccal muscles (Weiss, Cohen, Cropper, and Kupfer- 
mann, personal communication). The activity in these motor 
neurons correlated with the expression of patterns 1 and 2 in 
B4 differed from cell to cell. Some motor neurons were excited 
during expression of both patterns, while other motor neurons 
were inhibited during expression of pattern 1 but excited during 
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Figure 3. Spontaneous expression of patterns 1 and 2 monitored in a number of different cell types in the buccal ganglia. A, Appearance of the 
2 activity patterns in identified cells Bl and B4. During expression of both patterns in B4, Bl was hyperpolarized. Note also that Bl fires 1 or 2 
action potentials preceding the depolarization associated with pattern 1 in B4. This spike activity in Bl was not temporally associated with expression 
of either pattern in B4. B, Activity in B4 and an S, cell. The S, cell is weakly depolarized in phase with the bursts of spikes in B4 but does not fire. 
C, Activity in B4 and an S, cell. Weak firing in the S, cell occurs in phase with the expression of both patterns in B4. 

pattern 2. The upper trace in Figure 2B illustrates the expression 
of patterns 1 and 2 in a motor neuron that was inhibited in 
phase with expression of pattern 1 in B4 and excited after pat- 
tern 2. 

Virtually all cells in the motor neuron cluster are monosyn- 
aptically driven by cells B4 and B5. Most receive IPSPs from 
B4 and B5 (Gardner, 1977; Cohen et al., 1978; Fiore and Meu- 
nier, 1979), but some receive EPSPs, or mixed excitatory-in- 
hibitory drive (Gardner and Kandel, 1977). It was of interest 
to determine whether these neurons are independently driven 
by the pattern generators driving B4 and B5 or whether the 
patterns are expressed in the motor neurons via input from B4 
and B5. In the preparation shown in Figure 2B, intracellular 
stimulation of B4 to mimic its firing during pattern 2 produced 
neither the excitatory nor the inhibitory drive in the motor 
neuron characteristic of burst activity (not shown). These data 
suggest that expression of both patterns in the motor neurons 
can be independent of direct synaptic input from B4. In some 
cells in the motor neuron region, synaptic input from B4 and a 
pattern generator were simultaneously evident, and were clearly 
different. Both cells were depolarized by spontaneous bursts, 
but superimposed on the depolarization were monosynaptic 
IPSPs from B4. 

Burst patterns in other buccal ganglia cells 

To characterize the burst patterns in greater detail, we examined 
whether the patterns seen in B4 and B5 are also expressed in a 
number of different classes of cells in the buccal ganglia. 

Burst pattern in Bl and B2. Cells Bl and B2 are the largest 
cells in the buccal ganglia. In 7 preparations, such as that shown 
in Figure 3A, B 1 fired 1 or 2 action potentials preceding expres- 
sion of pattern 1 in B4 and then was weakly hyperpolarized 
during and after the spike burst in B4. In 2 preparations B 1 was 
unaffected during expression of pattern 1 in B4. In all prepa- 
rations, a strong hyperpolarization in B 1 was simultaneous with 
the expression of pattern 2 in B4. These observations confirm 
previous data by Fiore and Meunier (1979) that Bl and B2 
(which they termed the C cells) are inhibited during bursts of 
activity in the buccal ganglia, while B4 and B5 are excited. 

Burst patterns in the S, and S, cells. Just dorsal to cells B4 
and B5 are the S, and S, clusters, 2 populations of small cells 
(Fiore and Meunier, 1979). We examined the activities of these 
cells during patterned buccal ganglia activity since previous 
studies (Fiore and Meunier, 1979) indicated that they excite B4 
and B5 and inhibit B 1. Fiore and Meunier (1979) suggested that 

activity of the S, cells might drive the burst patterns in the buccal 
ganglia. 

In 5 experiments in which B4 spontaneously exhibited one 
or both patterns, 8 S, cells were recorded. These depolarized in 
phase with B4, but the depolarizations were not sufficient to fire 
action potentials (Fig. 3B). Twelve S, cells were fired with de- 
polarizing current pulses while recording from B4. In 8 of these, 
l-for- 1 EPSPs in B4 were seen, but the EPSPs rapidly decre- 
mented (not shown). In 11 experiments spontaneously exhib- 
iting one or both patterns, 33 S, cells were recorded along with 
B4. The S, cells were either weakly depolarized or fired a few 
spikes in phase with B4 activity (Fig. 3c). Thirty-five S, cells 
were fired with depolarizing current pulses, while recording from 
B4. In 17 of these cells, small 1 -for- 1 EPSPs were recorded in 
B4, but these were usually too small to elicit firing. These data 
suggest that synaptic drive from individual S, and S, cells is too 
weak to account for patterned activity in B4. We cannot, how- 
ever, eliminate the possibility that many S, or S, cells firing in 
tandem contribute to burst expression in B4. 

Inputs that initiate or modulate the patterns 
We were unable to find stimuli that initiated or modulated 
pattern 1. By contrast, we found that many stimuli could initiate 
pattern 2. Activity in B4 and B5 resembling that associated with 
spontaneous bursts of pattern 2 was elicited by electrical stim- 
ulation of most buccal nerves, but particularly the radular nerve 
(Fig. 4, A, B,). A brief burst of high-frequency (lO/sec) nerve 
stimulation usually elicited large, fast EPSPs and firing of cell 
B4, followed by a second burst of activity that was isomorphic 
with spontaneous bursts of pattern 2 (Fig. 4A). Pattern 2 was 
also elicited by sustained low-frequency (2/set) nerve stimula- 
tion (e.g., Fig. 6C), which usually elicited 5-10 bursts of pattern 
2 activity before the preparation would stop bursting in response 
to the stimulus. There was a fair degree of variability in the 
ability of a particular nerve to elicit pattern 2 and in the intensity 
or frequency of the pattern 2 bursts elicited by a nerve. 

Pattern 2 was also driven by intracellular depolarization of 
many cells in the region between the S, cells and cells Bl and 
B2 (Fig. 4BJ. Except for B37 (described below, Fig. 19), these 
cells were not sufficiently characterized to allow identification. 
Another stimulus occasionally initiating a pattern 2 burst was 
strong activity of cell B4 itself (Fig. 4B,). In 30 experiments, 
intracellular depolarizing current pulses were injected into cell 
B4 to test whether this stimulus could induce a subsequent burst 
in B4 resembling pattern 2. Twenty-seven of 113 attempts suc- 
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Figure 4. Stimuli that can initiate pattern 2. A, Spontaneous expression of pattern 2 in B4 (A,), and an identical pattern of firing in B4 initiated 
in the same cell by stimulation of the radular nerve at lO/sec (A*). Onset and offset of the stimulation of the radular nerve in A, are indicated by 
arrows. The stimulus in A, elicits 2 bursts of spike activity in B4. The first coincides with the nerve stimulation; the second occurs after a delay 
and corresponds to pattern 2. B, Three stimuli that caused expression of pattern 2. The traces show recordings from B5 and from an unidentified 
cell (Driver) in the region between the S, cells and Bl. This cell was active in phase with expression of pattern 2 and was able to drive initiation 
of the pattern. B,, Pattern 2 as elicited by stimulation of the radular nerve. Onset and offset of nerve stimulation are shown by urrows. In this 
preparation, expression of pattern 2 closely followed initiation of the nerve stimulation (compare with pattern in A,). B,, Pattern 2 as elicited by 
firing the unidentified driver cell via an intracellular current pulse. Delivery of the pulse is indicated by the urrows. B,, Pattern 2 as elicited by 
intracellular stimulation of B5. C, Expression of patterns 1 and 2 in B4 and in a cell from the motor neuron region of the ganglion. In this 
preparation, pattern 2 was expressed at the time that pattern 1 was expected to occur. 

ceeded (e.g., Fig. 4BJ. These data suggest that B4 is a source of 
excitation to the initiator of pattern 2, but its effect is weak or 
variable. 

Finally, in one preparation showing spontaneous bursts of 
both patterns 1 and 2, bursts of activity associated with pattern 
2 seemed to be closely linked with pattern 1 activity. Figure 4C 
shows a simultaneous recording from B4 and from a cell in the 
motor neuron region. The motor neuron was depolarized in 
phase with expression of both patterns 1 and 2 in B4 and also 
showed a barrage of EPSPs preceding expression of pattern 2 
in B4. Pattern 2 was initiated close to the time that pattern 1 
was expected to occur, suggesting that cells driving pattern 1 
may contribute to initiating pattern 2. In this preparation, 8 
successive spontaneous bursts of pattern 2 occurred close to the 
time that pattern 1 was expected. In all 8 bursts, the barrage of 
EPSPs in the motor neuron preceded expression of pattern 2 in 
B4. The data raise the possibility that the pattern generator for 
pattern 1 may drive that for pattern 2 but that this input is 
insufficient to cause activation of pattern 2 unless it summates 
with other inputs, such as that responsible for the barrage of 
EPSPs in the motor neuron. 

Newly identified cells driving patterned activity 

A number of characteristics would be expected of cells that 
initiate the 2 patterns of activity. For example, cells initiating 
pattern 1 should oscillate spontaneously at a rate similar to that 
of pattern 1 and be relatively unaffected by external input. Firing 
these cells should produce activity similar to that of pattern 1, 

while hyperpolarizing them should remove the expression of 
pattern 1 in follower cells. Cells initiating pattern 2 should be 
active preceding bursts of spike activity in B4 and B5 and should 
be silent at other times. The cells should also receive convergent 
excitatory inputs from many cells in the ganglia including cell 
B4, and they should be activated by nerve stimulation. The cells 
should also be depolarized during pattern 1 activity. Firing the 
pattern 2 initiators should produce activity in B4 and B5 similar 
to that during spontaneous occurrences of pattern 2, while hy- 
perpolarizing them should eliminate expression of pattern 2 
activity in follower cells such as B4. 

We used cells B4 and B5 as monitors of patterns 1 and 2 and 
searched the buccal ganglia for cells with the properties de- 
scribed above. We found an area of the buccal ganglia with a 
cluster of 5 cells (B3 l-B35) whose function seemed intimately 
related to initiating pattern 2. The location of these cells, as well 
as 2 additional newly identified cells (B36 and B37), is shown 
in Figure 1. The cells were most commonly found just lateral 
to cell B 1; occasionally they were just ventral to Bl or under- 
neath it. These cells were usually readily visualized and were 
almost as large as the cells in the motor neuron region of the 
buccal ganglia. 

Two of these cells, B3 1 and B32, have all the properties that 
are expected of cells initiating pattern 2. Two additional cells, 
B33 and B34, are active along with B3 1 and B32, but they can 
be distinguished on the basis of a number of properties. In one 
preparation we recorded from all 4 cells (3 simultaneously), 
confirming that they are indeed different cells, rather than the 
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Figure 5. Spontaneous expression of patterns 1 and 2, as recorded in 
B4 and in a B31/B32 cell. A, Expression of pattern 1 in B4 and B31/ 
B32. B, Expression of pattern 2 in B4 and B31/B32 in a preparation in 
which pattern 1 was not expressed. C, Faster sweep speed of the burst 
of pattern 2 underlined in B to show pattern 2 in greater detail. 

same cell with variable properties in different preparations. Fi- 
nally, cells B35 and B36 had properties that differed consider- 
ably from those of B31-B34. It is possible that other cells in 
this cluster, or in other regions of the buccal ganglia, also con- 
tribute to initiating pattern 2. In addition to cells B3 l-B36, one 
cell from the cluster between B 1 and the S, cells was identifiable, 
and this cell, B37, will also be described. 
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Cells B31 and B32 

B3 1 and B32 lie adjacent to one another, have identical prop- 
erties, and are electrotonically coupled with a coupling ratio of 
approximately 2: 1 (see Fig. 13B). We refer to them interchange- 
ably. The cells were found in 3 1 preparations. 

Activity of B31/B32 during spontaneous bursts. Activity in 
B3 1 and B32 was associated with the expression ofboth patterns 
1 and 2 in B4. During pattern 1 expression in B4, B3 l/B32 was 
weakly depolarized (Fig. 5A). This is consistent with the ability 
of input correlated with pattern 1 to summate with other inputs 
and initiate pattern 2. In this experiment (Fig. 5A), spontaneous 
expression of pattern 2 did not occur. In another preparation 
expressing only pattern 2, B31/B32 was active preceding the 
activity of B4 (Fig. 5B). The activity of B3 l/B32 consists of a 
large depolarization starting before activity in B4 and continuing 
during the early phase of B4 firing (Fig. 5C’). Small, spikelike 
depolarizations < 10 mV in amplitude occur during the rising 
phase of the B3 l/B32 depolarization. We never observed over- 
shooting action potentials in B3 l/B32, suggesting that their so- 
mata are inexcitable. The depolarization of B3 l/B32 reaches its 
peak just preceding maximal spike activity in B4. A sharp re- 
polarization of B3l/B32 then occurs, and the membrane po- 
tential ofB3 l/B32 remains hyperpolarized during the remainder 
of the spike discharge in B4. In some preparations (e.g., Figs. 
9A, 1 lA, 12A), there was virtually no overlap between the de- 
polarization of B3 l/B32 and spike activity in B4. In these prep- 
arations activity in B4 corresponded with hyperpolarization of 
B3 l/B32. Some preparations (e.g., Fig. 7) displayed alternation 
of pattern 2 bursts in which depolarization of B3 l/B32 did and 
did not overlap with B4 firing. 

Activity of B31/B32 during stimulus-elicited bursts. B3 l/B32 
activity was examined during bursts of pattern 2 evoked in B4/ 
B5 by nerve stimulation (Fig. 6; compare the pattern with those 
in Figs. 4 and 5). During bursts evoked by low-frequency stim- 
ulation of the esophageal nerve (Fig. 6A) and by high- and low- 
frequency stimulation of the radular nerves (Fig. 6, B, C), B3 l/ 
B32 showed the same depolarization-repolarization activity 
pattern as during spontaneous pattern 2 activity (Fig. 5, B, c). 
The depolarization of B3 l/B32 corresponded to the early phase 
ofactivity in cell B4, and the repolarization ofB3 l/B32 occurred 

A. Esophageal Nerve B. Radular Nerve C. Radular Nerve 
(high frequency) (low frequency) 

B4 

B31/ 
832 

+i 
20 

mV 

3 set 

Figure 6. Simultaneous expression of 
pattern 2 in cells B4 and B5, and in B3 l/ 
B32. A, Activity initiated by stimula- 
tion of the anterior division of the 
esophageal nerve. B, Activity initiated 
by brief lO/sec stimulation of the rad- 
ular nerve. Onset and offset of the stim- 
ulus are indicated by arrows. This stim- 
ulus elicits 2 bursts of activity in B4. 
The earlier burst occurs during stimu- 
lation of the radular nerve, presumably 
reflecting direct synaptic input to B4 
from cells with axons in the nerve. The 
later burst of activity follows depolar- 
ization of B31/B32, presumably rep- 
resenting expression of pattern 2. C, 
Activity initiated by low-frequency 
stimulation of the radular nerve. 
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Figure 7. Sustained depolarization of B3 l/B32 elicits rhythmic bursts of activity in itself and in B4. The number of spikes per B4 burst and the 
waveform of the depolarization underlying each burst were highly variable despite the constant stimulus to B3 l/B32. In this preparation, B3 l/B32 
was impaled with a single microelectrode. Sustained stimulation produced polarization of the electrode, leading to a gradual upward drift in the 
recording of B3 l/B32 activitv. This was not observed in other exueriments when separate electrodes were used for stimulation and recording from 
B3 l/B3f 

during the most intense spike activity in B4. As in the recordings 
shown in Figure 4, high-frequency stimulation of the radular 
nerve (Fig. 6B) evoked a burst of spike activity in B4 synchro- 
nous with the nerve stimulation, followed by a second burst 
that was similar to spontaneous bursts of pattern 2. 

Effects of intracellular stimulation of B31/B32. In quiescent 
preparations, sustained depolarization of B31/B32 led to re- 
petitive cycles of activity in both B31/B32 and in B4 (Fig. 7). 
The oscillations of B4 were phase-locked to those of B3 l/B32. 
The number of cycles elicited by a sustained depolarizing stim- 
ulus to B3 l/B32 varied. In some experiments, only 2-3 cycles 
could be elicited, while in others cyclic activity was maintained 
throughout the depolarization. One preparation showed 3 1 cycles 
during a 5 min depolarization. 

In one preparation we were able to compare the activities of 
B4 and B3 l/B32 directly when pattern 2 occurred spontaneously 
(Fig. 8A), when elicited by nerve stimulation (Fig. 8B), and when 
produced by intracellular depolarization of B3 l/B32 (Fig. 8C). 
These were remarkably similar, confirming that all 3 are likely 
to represent activation of the same pattern generator. 

essary for burst initiation in B4, we hyperpolarized B31/B32 
while electrical stimulation was delivered to a peripheral nerve. 
In one preparation, hyperpolarization of B3 l/B32 during stim- 
ulation of the radular nerve reliably blocked expression of pat- 
tern 2 (Fig. 9), while in another preparation hyperpolarization 
blocked the depolarization-repolarization sequence usually seen 
in B3 l/B32 but did not eliminate expression of pattern 2 in B4. 
Figure 9 shows an example of hyperpolarizing B3 l/B32 during 
stimulation of the radular nerve in the preparation in which this 
procedure blocked pattern 2 bursts in B4. Note that the early 
component of B4 activity that is synchronous with stimulation 
of the nerve is unaffected by hyperpolarization of B3 l/B32. Note 
also that the input to B31/B32 is reduced by the hyperpolar- 
ization. These data indicate that cells B31/B32 are intimately 
involved in generating burst 2, but it is likely that other cells 
can also initiate this pattern. One potential source for such ad- 
ditional input is the contralateral B31/B32 cells (unpublished 
observations). Since we hyperpolarized only a single ipsilateral 
B31/B32, it is possible that activity of the contralateral cells 
could override the ipsilateral block. 

Effects of hyperpolarization of B31/B32. We did not system- Coupling of B31/B32 to B4. Further evidence supporting the 
atically examine the effects of hyperpolarizing B3 l/B32 on spon- hypothesis that cells B3 l/B32 are involved in initiating pattern 
taneous occurrences of pattern 2 since these were highly irreg- 2 would be provided by demonstrating that activation of cell 
ular. Thus, if pattern 2 ceased during hyperpolarization of B3 l/ B4 can weakly excite these cells since B4 can sometimes initiate 
B32, we could not be certain whether this was due to the hy- pattern 2 (Fig. 4BJ. We found that intracellular firing of B4 
perpolarization or was spontaneous. We did, however, take ad- excites B3 l/B32 (Fig. lOA). Furthermore, B3 l/B32 and B4 are 
vantage of the fact that pattern 2 activity in B4 (and in B31/ weakly electrically coupled (Fig. 1 OB). Hyperpolarizing current 
B32) could be reliably elicited by nerve stimulation. Thus, to pulses injected into either cell could be recorded in the other. 
determine whether B31/B32 or closely coupled cells are nec- Coupling, however, was not detected in every preparation. 

Figure 8. Identity of the form of pat- 
tern 2 as expressed in B4 and B31/B32 
in the same preparation when pattern 
2 was caused by different events. A, 
Spontaneous occurrence of pattern 2. B, 
Pattern 2 elicited bv 1 O/set stimulation 
of the radular nerve. C, Pattern 2 elic- 
ited by intracellular stimulation of B3 l/ 
B32. Arrows show onset and offset of 
the stimulation of the radular nerve and 
of the depolarizing pulse in B3 l/B32. 

A. Spontaneous B. Evoked by C. Evoked by 

Radular Nerve Intracellular Pulse 

-J L.-- t 4 1% 
10 set 
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A. Control B. B31/832 
Hv&rpolarized 

B31/ 
832 

C. Control 

Figure 9. Hyperpolarization of B31/ 
B32 blocks expression of pattern 2 in 
B4. A, Two bursts of spikes in B4 were 

LA initiated by stimulation of the radular 
nerve. The second burst corresponded 
to pattern 2 and occurred in phase with 
termination of depolarization of B3 11 
B32. B, B31/B32 was hyperpolarized 
by approximately 30 mV. Nerve stim- 
ulation no longer initiated the late pat- 
tern 2 burst in B4, but the early input 
was unchanged. C, After the hyperpo- 

mV larization was removed, stimulation of 
the nerve once again initiated pattern 
2. Onset and offset of stimuli to the 
radular nerves are indicated by arrows. 

Nature of the activity in B31/B32. The firing pattern of B3 l/ 
B32 is characterized by an initial depolarizing phase associated 
with spikelike potentials, followed by a rather sharp repolarizing 
phase. At least part of this pattern appears to be triggered in an 
all-or-none fashion by some critical level of depolarization of 
B3 l/B32. Figure 11 B illustrates a fairly dramatic example, where 
a brief depolarization delivered to B31/B32 was sufficient to 
initiate a complete pattern of activity (Fig. 11B) that was es- 
sentially the same as that occurring spontaneously (Fig. 11A). 
Thus, a regenerative mechanism appears to be either intrinsic 
to cells B3 l/B32 or a property of a network in which the B3 l/ 
B32 cells are an element. Usually, the regenerative depolar- 
ization in B31/B32 was followed by the sharp repolarization 
and activity in B4. However, in 2 preparations, regenerative 
bursts of B31/B32 occasionally were seen without subsequent 
sharp repolarization and B4 activity. Figure 12A shows an ex- 
ample of the typical spontaneous pattern 2 activity in both cells, 
while Figure 12B shows a recording from the same preparation 
in which both the sharp hyperpolarization in B3 l/B32 and the 
burst in B4 failed to occur. These data suggest that drive to B4 
and hyperpolarization of B3 l/B32 are due to activation of an 
unidentified cell that is in turn activated by B3 l/B32 and feeds 
back onto B3 l/B32 to inhibit it. A failure to activate this pre- 
sumed cell may account for the data in Figure 12B. 

Cell B33 
B33 is adjacent to cells B3 1 and B32 (Fig. 1) and is also able to 
initiate pattern 2. The properties and activity pattern of B33 
are similar to those of B3 l/B32 (Fig. 13A). However, in addition 
to exhibiting the small spikelike potentials seen in B31/B32, 
B33 also displayed conventional action potentials with ampli- 
tudes of SO-60 mV (Fig. 13A). Hyperpolarizing current pulses 
injected into B33 produced voltage changes in B31 and B32 
(Fig. 13B), indicating that these cells are coupled to one another. 
The coupling ratio was about 2: 1. Action potentials in B33 also 
produced voltage changes in B3 1 and B32 (Fig. 13C’). Cell B33 
was identified in 10 preparations. 

Electrotonic propagation of action potentials from cell B33 
to B31/B32 raises the possibility that the small spikelike po- 
tentials in B31/B32 are electrotonic potentials from full-size 
action potentials in B33. Overshooting action potentials in B33 
do indeed cause coupling potentials in B3 1 and B32 (Fig. 13C), 
but these are a minor component of the spikelike activity. There 
are a number of discrete spikelike potentials synchronous in all 
3 cells, but the activity pattern is too complex to resolve how 
many such events occur. Thus, coupling between B33 and B3 l/ 
B32 cannot fully account for the spikelike potentials in B31/ 
B32. The spikelike potentials in B3 l/B32 could be generated in 
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Figure 10. Connection between cells 
B4 and B31/B32. A, Intracellular de- 
polarization of B4 to fire a burst of spikes 
elicited depolarization of B3 l/B32. Ar- 
rows indicate onset and termination of 
the current pulse. B, Weak electrical 
coupling between cells B4 and B3 l/B32. 
Injecting hyperpolarizing current into 
one cell produced an electrotonic po- 
tential in the other. 
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A. Spontaneous B. Evoked 

Figure II. Ability of B3 l/B32 to pro- 
duce a regenerative, sustained depolar- 
ization in response to a brief depolar- 
izing stimulus. A, Spontaneous activity 
resembling pattern 2 in cells B4 and 
B3 l/B32. B, Initiation of a nearly iden- 
tical seauence of events in B3 1 /B32 and 
a burst-in B4 was produced by a brief 
depolarization of B3 I/B32 (onset and 
offset of depolarization indicated by ar- 
rows). Note that B3 l/B32 remains de- 
polarized for some time after the cur- 
rent pulse to B3 l/B32 is terminated. 

B4 1 

B31/ 
B32 

excitable regions of B31/B32 or may come from unidentified 
cells like B33 that are also coupled to B3 l/B32. 

Depolarization of B33 could elicit pattern 2, provided that 
the depolarization was sufficient to elicit the depolarization- 
repolarization sequence in cells B31/B32. In the experiment 
shown in Figure 14, B33 was depolarized with an intracellular 
constant current pulse every 50 sec. Only on every sixth de- 
polarization was B33 capable of eliciting activity in B4. B33 
consistently depolarized B3 l/B32, but it did not always produce 
patterned activity in B3 l/B32. When patterned activity in B3 l/ 
B32 was absent, B4 did not fire. The reduced effectiveness of 
B33 in initiating pattern 2 following a burst in B4 can be ex- 
plained by a number of mechanisms. Most likely is the presence 
of a sustained, slowly decaying hyperpolarization of B3 l/B32 
after pattern 2 (Fig. 14). The first 2 current injections of B33 
after a burst in B4 occurred during the sustained hyperpolar- 
ization of B31/B32 and produced relatively small depolariza- 
tions of cells B33 and B31/B32, no spiking in B33, and no 
activity in B4. This presumably reflects the activity of a slow 
increased conductance mechanism, accounting for the B3 l/B32 
hyperpolarization, which shunts the current injected into B33 
and leads to a functional reduction in coupling between B31/ 
B32 and B33. After the hyperpolarization of B3 l/B32 decayed, 

Figure 12. Spontaneous activity in B4 
and B3 1 /B32 in a preparation in which 
the regenerative burst in B31/B32 
sometimes failed to elicit the sharp re- 
polarization in B3 l/B32 and the max- 
imal drive in B4. A, Example of a spon- 
taneous burst of pattern 2 in both cells. 
In this example, the depolarization of 
B31/B32 was followed by the typical 
sharp repolarization. B, Spontaneous 
depolarization of B3 1 /B32 that was not 
followed by the sharp repolarization in 
B31/B32. When the sharp repolariza- 
tion was absent, so was the spike burst 
in B4. The 2 traces shown occurred 
within 1 min of one another. 

A. 

5 set 

the constant-current pulse to B33 elicited spikes in B33, and 
larger potentials in B3 l/B32, but still failed to elicit pattern 2. 
In this preparation, the recovery period was greater than 5 min. 

Cell B34 

B34 is also adjacent to B3 1 and B32 (Fig. 1) and has a similar 
pattern of activity. It can be distinguished from the previously 
described cells in 2 ways. First, the pattern of depolarization 
and repolarization is of smaller amplitude (Fig. 15A). Second, 
depolarization of the cell does not induce patterned activity. 
Moreover, the cell is only weakly coupled to cells B3 l-B33 (Fig. 
15B). Cell B34 was identified in 5 experiments. 

Cell B35 

B35 is adjacent to cells B31-B34 (Fig. 1). Like B31/B32, B35 
has a prominent regenerative capability. However, B35 differs 
from B3 l/B32 in that it displays conventional action potentials 
and that patterned activity in B4 was often seen in the absence 
of B35 activity. Cell B35 differs from B33 in that it is only 
weakly coupled to B3 l/B32 and often fires both before and after 
the B4 burst. Also, firing B35 depolarizes cell B4 even when 
B3 l/B32 is not activated. B35 is also characterized by lo-30 

B4 
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Figure 13. Activity of B33. A, Activity pattern in cells B3 l-B33 elicited 
by stimulating the esophageal nerve. While the activity patterns in all 
3 cells are similar, B33 displays conventional action potentials that do 
not occur in cells B3 1 and B32. B, Electrical coupling among B3 1, B32, 
and B33, as shown by injecting hyperpolarizing current pulses into each 
and recording changes in potential from the other cells. B,, Current 
injected into B33; B,, current injected into B32; B,, current injected into 
B31. C, Small spikelike potentials are produced in B31 and B32 as a 
result of firing spikes in B33 with a sustained intracellular depolarizing 
current pulse. These spikelike events are presumably due to the electrical 
coupling among the cells. D, Faster sweep of recordings made after 
stimulation ofthe radular nerve. Coupling potentials from B33 represent 
a minor component of the spikelike potentials seen in B3 1 and B32. 
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set bursts of spiking that ride on a slow depolarization of the 
cell (e.g., Fig. 16A). B35 was identified in 7 experiments. 

The firing pattern of B35 is illustrated in Figure 16. Sponta- 
neous bursts in B35 are associated with slow depolarization and 
repolarization of B35, depolarization of B3 l/B32, and depolar- 
ization and firing of B4 (Fig. 16.4). In 4 preparations, firing B35 
with brief intracellular current pulses repeatedly produced de- 
polarization of B3 l/B32 and of B4 resembling that seen in Fig- 
ure 16.4 but did not elicit pattern 2 activity (not shown). In 5 
preparations, activity of B35 during bursts of pattern 2 was 
similar to that illustrated in Figure 16B. B35 was active in phase 
with B3 l/B32 and was hyperpolarized during maximal activity 
in B4. However, unlike cells B3 l-B34, which were inactive after 
the pattern 2 spike burst in B4, B35 also fired a second time 
following the B4 burst. In 3 preparations, intracellular stimu- 
lation of B35 occasionally was able to elicit pattern 2 (Fig. 160 
In 3 preparations, hyperpolarization of B35 to prevent its firing 
did not block expression of pattern 2 elicited via nerve stimu- 
lation or by depolarization of B31/B32, indicating that B35 
activity is not necessary for expression of pattern 2. 

A striking feature of cell B35 was observed in 5 preparations. 
Brief (l-2 set) depolarization induced massive activity that long 
outlasted the depolarization (Fig. 17A). Moreover, if B35 was 
hyperpolarized after onset of activity, the activity could be turned 
off (Fig. 17B). Note that during the postburst hyperpolarization 
there is no obvious synaptic drive in B35. B35 resembles B31/ 
B32 in that a regenerative mechanism amplifies the initial ex- 
citation to the cell. Activity in B4 and B31/B32 during regen- 
erative bursts initiated by brief depolarization of B35 was sim- 
ilar to that illustrated in Figure 16A. 

Cell B36 

B36 lies adjacent to cells B3 l-B35 (Fig. 1) but is easily distin- 
guished from them. B36 differs from B31/B32, B33, and B35 
in that firing the cell via intracellular current pulses elicits little 
or no excitation of B3 l/B32 or of B4 (Fig. 1 SA). Like cells B3 11 
B32 and B35, B36 has a powerful regenerative ability (Fig. 18A). 
However, during the regenerative burst, B36 more closely re- 
sembles B31/B32 than B35 in that as the cell becomes maxi- 
mally depolarized the amplitude of the action potentials is great- 
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Figure 14. Effects of intracellular in- 
jection of a constant depolarizing cur- 
rent pulse into B33 every 50 sec. After 
a spike burst in B4 was generated, the 
next 5 current pulses delivered to B33 
failed to elicit a spike burst in B4. The 
failure of B33 to activate B4 is associ- 
ated with a failure of the depolarizing 
current in B33 to fire spikes in B33 and 
a long-lasting hyperpolarization in B3 l/ 
B32. Even after the hyperpolarization 
in B3 l/B32 recovered and spikes were 
again elicited in B33, a full-fledged de- 
polarization-repolarization cycle in 
B31/B32 and a burst of spikes in B4 
were not produced. A burst in B4 was 
again produced when activation of B33 
was capable of eliciting a depolariza- 
tion-repolarization cycle in B3 l/B32. 
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A. 

Figure 15. Properties of B34. A, Ac- 
tivity patterns of cells B3 l/B32 and B34 
during a spontaneous occurrence of 
pattern 2. Patterns are similar in both 
cells, but the amplitude of the depolar- 
ization-repolarization sequence is 
smaller in B34. B, Weak electrical cou- 
pling between B3 l/B32 and B34. Cur- 
rent was injected into B31/B32. The 
coupling ratio was approximately 20: 1. 

f334 U/% 
ly reduced. A striking difference between B36 and B3 l-B35 is 
that their firing patterns during expression of pattern 2 are ex- 
actly opposite. B36 is hyperpolarized during the maximal 
depolarization of B3 l/B32 and is depolarized during the sharp 
repolarizing phase of B3 l/B32 activity (Fig. 18B). Cell B36 was 
identified in 8 preparations. 

Cell B37 
Cell B37 is located medial to cell Bl (Fig. l), among a cluster 
of cells that could activate patterned activity in B4 (e.g., Fig. 
4B,). To date, B37 is the only cell in the cluster that has been 
characterized sufficiently for repeated identification. The cell 
differs from others in the cluster in that it is not active during 
pattern 2 initiated by either stimulation of peripheral nerves or 
by depolarization of B3 l/B32 (for an example of a cell that is, 
see Fig. 4B), it does not monosynaptically excite B4, and it has 
no spontaneous oscillatory activity. Depolarization of the cell, 
however, initiates pattern 2 activity. Cell B37 was identified in 
4 preparations. 

Intracellular depolarization of B37 sufficient to generate a 
high-frequency burst of spikes led to a marked depolarization 
of B31/B32 and a burst of spikes in B4 resembling pattern 2 

Figure16. PropertiesofB35A,Spon- 
taneous activity recorded from B35, 
B3 l/B32, and B4. A burst of spikes in 
B35 is correlated with depolarization 
of B31/B32, as well as depolarization 
and moderate increase in firing of B4. 
B, Expression of pattern 2 in B35. B35 
fires during the depolarization of B3 l/ 
B32, and, like B31/B32, it repolarizes 
when B4 fires maximally. After the spike 
burst in B4, a second burst occurs in 
B35. This is unlike B31/B32, which 
generally does not undergo a second de- 
polarization-repolarization sequence 
following activity in B4. C, Intracellular 
depolarization of B35 is capable of 
driving B31/B32 and eliciting pattern 
2-like activity in B4. The cell was main- 
tained in a hyperpolarized state and was 
then depolarized. Onset and offset of 
the depolarization is indicated by ar- 
rows, as is return to a hyperpolarized 
state. 
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(Fig. 19AJ. To test whether activation of pattern 2 in B4 was 
due to activation of B3 l/B32, we hyperpolarized B3 l/B32 while 
depolarizing B37 (Fig. 19AJ. Pattern 2 was not elicited, although 
some excitation of B4 was still evident. This is shown more 
clearly in Figure 19B. Note also that B37 produced little un- 
derlying synaptic input in B31/B32 when that cell was hyper- 
polarized. 

Discussion 
Patterns of neural activity 
We have identified 2 patterns of neural activity in the buccal 
ganglia of Aplysia. The 2 patterns can be distinguished on the 
basis of several features. 

Pattern 1. This pattern occurred spontaneously at a relatively 
high frequency. It was associated with excitation that was usually 
sufficient to induce bursts of action potentials in cells B4 and 
B5 and in other motor neurons, and weaker excitation of the S, 
and S, cells, of some other motor neurons, and of cells B31/ 
B32. Inhibition of other motor neurons and of cells B 1 and B2 
were also associated with pattern 1. 

Pattern 2. This pattern was associated with strong excitation 
of B4 and of many motor neurons, excitation of the S, and S, 

B4 - 
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6. A. 

cells, and inhibition of Bl and B2. Perhaps the clearest distin- 
guishing feature of pattern 2 is the presence of a characteristic 
depolarization in cells B3 l/B32 preceding activation of B4, fol- 
lowed by repolarization of B3 l/B32. Pattern 2 occasionally oc- 
curred spontaneously but was more commonly elicited by elec- 
trical stimulation of various buccal nerves or by depolarization 
of individual cells such as B4, newly identified cells including 
B3 l/B32, and a number of unidentified cells. 

Pattern initiator neurons 

We have found a group of cells that appear to contribute to 
initiating pattern 2. Of particular importance are the B3 l/B32 
cells. These are activated by stimuli that induce pattern 2 in 
B4/B5 and are active preceding spontaneous expression of pat- 
tern 2. Intracellular depolarization of the cells can produce pat- 
tern 2, while hyperpolarization of B3 l/B32 can block expression 
of pattern 2. It is possible the effects of B31/B32 are partly 
mediated via electrical and chemical connections to other cells 
that have yet to be identified. For example, hyperpolarization 
of B31/B32 was not always effective in preventing expression 
of pattern 2. The existence of other circuit elements is also 
suggested by the finding that in cases in which activation of a 
regenerative response in B31/B32 failed to initiate pattern 2, 
the sharp repolarization that corresponded to the major phase 
of activity in B4 was also absent (e.g., Fig. 12). 

Unusual properties of newly identified cells 
Some of the cells we have identified display properties that are 
unique or unusual in the nervous system of Aplysia. Some of 

A. B. 

Figure 17. Regenerative properties of 
B35. A. Initiation of activity bv a brief 
intracellular depolarization bfR35. On- 
set and offset of the depolarization are 
indicated by arrows. B, A burst of ac- 
tivity in B35 was initiated by a brief 
intracellular depolarization. The burst 
was terminated by injecting a hyper- 
polarizing current into B35. Onset and 
offset of the depolarization and the hy- 
perpolarization are indicated by ar- 
rows. 

20 
mV 

these properties have previously been observed in neurons with 
putative pattern-generator or command functions in the feeding 
motor systems of other gastropods. 

Regenerativeproperties. In cells B31, B32, B35, and B36 brief 
depolarization induces a positive-feedback mechanism that pro- 
duces a larger depolarization or a burst of activity continuing 
well after the depolarization is terminated. Similar cells have 
been described in the feeding motor systems of Pleurobranchaea 
(Gillette et a1.,.1980; Croll et al., 1985) and Lymnaea (Rose and 
Benjamin, 198 1; Elliot and Benjamin, 1985; McCrohan, 1985) 
as well as in pattern-generating elements in crustacea (Benson 
and Cooke, 1984). Cell C2 in the cerebral ganglion of Aplysia 
also has similar properties (Weiss et al., 1986b). The regener- 
ative ability could be due to endogenous properties of the cells 
or to a positive-feedback network in which other cells are ac- 
tivated. The function of the regenerative excitation may be to 
trigger a particular feeding movement so that it occurs in an all- 
or-none fashion. 

Lack of ability to sustain action potentials. Cells B3 1, B32, 
and B34 are the first neurons identified in the Aplysia nervous 
system whose somata seem to lack the ability to sustain full- 
size, overshooting action potentials. Although nonspiking neu- 
rons have been found in vertebrates (Dowling, 1970) and in 
arthropods (Pearson and Fourtner, 1975), such cells are rare in 
gastropod molluscs (but see Arshavsky et al., 1985). 

A number of observations indicate that the lack of ability to 
sustain action potentials is not due to damage. First, at least 
one B31/B32 was found in over 30 preparations. Second, the 
properties of these cells were very distinctive, and the cells were 

- Figure 18. Properties of B36. A, Brief 
intracellular depolarization of B36 elic- 
its a regenerative response but does not 
excite B3 l/B32. Onset and termination 
of the depolarization are indicated by 

B=K fi 

arrows. B, Pattern of B36 activity dur- 
ing pattern 2 elicited by radular nerve 
stimulation. (Onset and offset of nerve 
stimulation are indicated.) B36 is 
strongly activated by stimulation of the 
nerve. Activity of B36 continues until -^I;“, B3 l/B32 begins to depolarize, and then 

10 set 

activity in B36 abruptly ceases. B36 is 
then silent throughout the depolariza- 
tion ofB3 l/B32 but is again active when 
B3 l/B32 hyperpolarizes. 
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Figure 19. B37 elicits activity in B4 via its effects on B3 l/B32. A, Burst of spikes in B37 is elicited by an intracellular depolarizing current pulse. 
Activation of B37 produced activity in B31/B32, and a late burst of spikes in B4, which corresponds to the repolarization of B31/B32. When B3 11 
B32 is hyperpolarized to prevent its activity, B37 was no longer able to induce the late burst of spikes in B4. A,, Activation of B37 with B3 l/B32 
at rest. A,, Hyperpolarization of B31/B32 prevents expression of the late bursts of spikes in B4. A,, After hyperpolarization is removed, firing B37 
again initiates the late burst of spikes in B4. B, Same recording as shown in A, at a faster sweep speed showing that B37 excites B4, even when 
B3 l/B32 is not active, but does not elicit a large burst of activity in B3 l/B32. 

always found in a particular region of the ganglion. Third, we 
never found more than 3 nonspiking cells (B3 1, B32, and B34) 
in a preparation. Fourth, we routinely recorded from these cells 
for up to 3 hr without a change in stability, even when the cells 
were impaled with 2 electrodes. Fifth, resting potentials were 
uniformly greater than 60 mV. Perhaps the most convincing 
demonstration that the 10 mV or smaller potentials recorded 
in these cells is not due to damage is that similar potentials are 
also recorded in cell B33, which is capable of generating con- 
ventional action potentials. In that cell, conventional action 
potentials are interspersed with the smaller potentials. 

The nature of the small, spikelike potentials is not clear. A 
small number of the potentials recorded in cells B3 1 and B32 
are coupling potentials due to action potentials in B33. How- 
ever, most of the potentials appear to be from another source. 
They could be coupling potentials from other cells, EPSPs, or 
axonal spikes that fail to invade the soma. In Aplysia, all-or- 
none axon spikes resembling the spikelike potentials have been 
observed in the bag cells (Kupfermann and Kandel, 1970) and 
in cell C2 (Weiss et al., 1986b). Unlike B31/B32, however, C2 
and the bag cells also display conventional axon potentials. 

Possible behavioral correlates of the patterns and their relation 
to plasticity of feeding behavior 

Since the major role of the buccal ganglia in Aplysia is to control 
feeding behavior (Kupfermann, 1974b; Cohen et al., 1978; Ro- 
sen et al., 1982; Jahan-Parwar et al., 1983), it seems likely that 
the newly identified cells and the patterns of activity associated 
with them participate in aspects of feeding. Behavioral studies 
(Kupfermann, 1974a; Weiss et al., 1986a) have identified 3 
activity patterns that are components of feeding: biting and 
swallowing, which are both ingestive acts, and rejection. Al- 
though additional studies beyond the scope of the present anal- 
ysis will be required to examine the behavioral role of the newly 
identified cells, a number of factors suggest that pattern 1 un- 
derlies an ingestive act, while pattern 2 may underlie rejection. 
Previous data (Kupfermann, 1974a; Susswein et al., 1976; Weiss 
et al., 1986a; Schwarz et al., 1987) indicate that bite and swallow 
frequencies are in the same range as that seen for pattern 1. 
Rejection occurs at a lower frequency and is much more variable 
(Weiss et al., 1986a). Rejection can be triggered by stimulation 

of peripheral nerves, particularly the esophageal nerves (Weiss 
et al., 1986a). Finally, rejection is self-limiting; rejection move- 
ments cease after a few bouts (Kupfermann, personal commu- 
nication). All these characteristics are consistent with the activ- 
ity of pattern 2. Ultimately, however, the behavioral correlates 
of patterns 1 and 2 will have to be resolved by the use of chronic 
recording techniques (Pinsker, 1980; Kupfermann and Weiss, 
1982) or by development of a semi-intact feeding preparation 
(Weiss et al., 1986a). 

Previous behavioral studies have shown that feeding in Aply- 
sia is modified by a number of different processes (Kupfermann, 
1974a; Schwarz et al., 1987), including an associative learning 
paradigm having much in common with instrumental learning 
in higher animals (Susswein et al., 1986). Based on these studies, 
a model was developed suggesting that learned changes in feed- 
ing behavior occur by differentially regulating which pattern 
generator is expressed in response to food. In order to test this 
model, it is necessary to have direct access to the pattern gen- 
erators that organize and initiate different feeding movements 
and to the sensory neurons that excite them. The present study 
provides significant information about a population of cells that 
play a major role in initiating patterned activity in the buccal 
ganglion. Coupling our study with previous information de- 
scribing a group of primary afferents innervating the lips that 
can also initiate patterned activity in the buccal ganglion (Rosen 
et al., 1982), it may now be possible to study the mechanisms 
that bias an animal to respond to a stimulus with a particular 
behavioral pattern and to examine how the neural circuits un- 
derlying these behaviors are changed by learning. 
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