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Regenerative Impulses in Taste Cells

Abstract. Taste cells and nongustatory epithelial cells in the isolated lingual
mucosa from the mud puppy Necturus maculosus were impaled with microelec-
trodes. The taste cells, but not surrounding epithelial cells, were electrically
excitable when directly stimulated with current passed through the recording
electrode. Action potentials produced by taste cells had both a sodium and a calcium

component.

Little is known about the cellular
mechanisms of chemosensory transduc-
tion in vertebrate taste buds. Taste cells
are small and relatively inaccessible;
hence, they have been difficult to study
with intracellular microelectrodes. It has
been established that taste receptors dif-
ferentiate from surrounding stratified
squamous epithelium (), form synaptic
contacts with gustatory nerve fibers (2),
and convert chemical stimulation by sap-
id agents into signals that can be trans-
mitted to the central nervous system (3).
Furthermore, it has been held that taste
cells have relatively low resting poten-
tials and linear (ohmic) membrane resist-
ance and that they respond passively,
with graded receptor potentials, to
chemical stimulation (3-5). In this re-
port, I describe a preparation for study-
ing intracellular responses in vertebrate
taste cells—the isolated lingual epitheli-
um from the mud puppy Necturus macu-
losus—and provide evidence that these
cells have high resting potentials, very
high input resistances, and generate so-
dium and calcium impulses.

I selected Necturus maculosus be-
cause the taste cells are much larger than
those in other vertebrates (6). Isolating a
thin sheet of lingual epithelium and
stretching it flat in a shallow chamber
containing Ringer solution allowed indi-
vidual taste cells and epithelial cells to be
distinguished with remarkable clarity,
especially with Nomarski optics. The
isolated preparation is quite stable, and
pharmacological agents added to the
‘chamber gain ready access to taste cells.

Adult mud puppies were kept in well-
aerated aquariums filled with recirculat-
ed water at about 21°C. Animals were
decapitated and pithed, the top of the
head and upper jaw were removed, and
the lower jaw was pinned firmly on a
dissection board, exposing the tongue. A
transverse cut through the mucosal epi-
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thelium was made with fine scissors, and
the epithelial sheet was freed from the
underlying connective tissue with blunt
dissection. A 1-cm? region was removed
from the anterior of the tongue, trans-
ferred to a recording chamber (7), and
pinned down, mucosal surface upper-
most. During the dissection, the prepara-
tion was frequently flushed with cold
Ringer solution containing 112 mM
NaCl, S mM CaCl,, 3 mM KClI, and 3
mM Hepes buffer (pH 7.2). The Ringer
solution in the chamber was identical to
that above. Intracellular glass micropi-
pettes were filled with 2.5M KCl and had
resistances between 50 and 150 meg-
ohms.

Stable penetrations with resting poten-
tials up to —90 mV could be obtained
reliably from taste cells (8). Measure-

B 25 mv e .0
-0.4 -0.2 0.2 nA
. -25
.
-50
.
/ -75
.

ment accuracy was assured by recording
resting potentials at the end of an impale-
ment when the microelectrode was
abruptly withdrawn from the cell. The
input resistance of taste cells was mea-
sured by injecting current pulses through
the recording electrode (Fig. 1). In a
sample of 11 taste cells in which both the
resting potential and input resistance
were measured, the mean + standard
error (S.E.M.) of the resting potential
was —43 = 6 mV and of the input resist-
ance was 200 = 30 megohms. These
values are likely to be underestimates of
the true resting potentials and input re-
sistances, since impaling a cell with a
glass micropipette and passing currents
across the membrane noticeably injured
the taste cells (9). Nevertheless, the val-
ues for resting potentials and input resis-
tances obtained in these experiments are
significantly higher than those reported
previously for this species (5) or other
vertebrate taste cells (3).

The most striking finding was that
brief depolarizing currents injected into
taste cells produced regenerative im-
pulses (Fig. 2) (10). These impulses had a
relatively low threshold and a brief dura-
tion, suggesting that they were mainly
sodium action potentials. Occasionally,
a slight inflection on the falling phase of
the impulses (arrow in Fig. 2A) suggest-
ed that there might be other components
of the responses, such as calcium cur-
rents. Low doses of tetrodotoxin (TTX,
1 wM) rapidly (within S to 10 minutes)
and reversibly blocked the regenerative
impulses. Nevertheless, even in the
presence of 1 wM TTX, regenerative
responses could be restored if delayed
potassium rectification was blocked by

Fig. 1. Current-voltage relation of a taste cell
in the mud puppy. (A) Current pulses (upper
traces) were passed through the intracellular
recording electrode via a bridge circuit. (B)
The relation between applied current pulses
and changes in membrane potential at the end
of the current pulse was plotted and a linear
regression line was drawn through the points.
The slope of the line yields the input resist-
ance, which in this case was 201 megohms for
the linear region (closed circles, r = .977).
The open circle in (B) represents the thresh-
old level for impulse generation. The resting
potential of this taste cell recorded at the end
of the impalement was —73 mV. The constant
current pulses did not always produce an
exponential rate of change in the membrane
voltage, particularly in the hyperpolarizing
direction. This finding was made frequently,
especially for large hyperpolarizations. Since
it was not explained by a fluctuation in the
microelectrode resistance when currents were
passed, the nonexponential rate of potential
change suggests that the passive membrane
properties of taste cells from the mud puppy
may be more complex than a simple ohmic
resistance with parallel capacitance.
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Fig. 2. (A) Intracellular recording of regenera-
tive response in a taste cell from the mud
puppy. Two consecutive oscilloscope traces
are superimposed. Brief depolarizing current
pulses (lower trace) were passed through the
recording microelectrode. The membrane de-
polarizations (upper traces) were just at
threshold level. The resting membrane poten-
tial was —68 mV. A slight inflection on the
falling phase of the impulses (arrow) was
frequently observed. (B) Intracellular record-
ing of regenerative response in a taste cell
when the bathing solution contained 1 uM
TTX and S mM TEA. The resting membrane
potential was —80 mV. The TEA was added
to the bath at least 15 minutes before the
responses were recorded. Two consecutive
oscilloscope records are superimposed. Brief
depolarizing current pulses (lower traces)
were injected into the cell through the record-
ing electrode. Membrane potential responses
are shown in the upper traces. Impulses gen-
erated in the presence of TTX and TEA had
pronounced plateaus on their falling phase
(arrow).

adding tetraethylammonium bromide
(TEA™, final concentration, S mM) (Fig.
2B). Impulses evoked in the presence of
TTX and TEA* had higher thresholds
and pronounced plateaus on their falling
phases (arrow in Fig. 2B). These features
are indicative of calcium spikes de-
scribed in other tissues (/1), and thus
these data strongly suggest that taste
cells generate impulses having both sodi-
um and calcium components.

Surface epithelial cells in the immedi-
ate vicinity of taste buds and elsewhere
on the lingual mucosa had markedly low-
er resting potentials (36 = 2 mV; N = 30)
and did not produce regenerative im-
pulses. I tested whether the absence of
regenerative activity might be due to
sodium inactivation caused by the low
resting potentials, since epithelial cells in
some species are capable of generating
action potentials (/2). Brief depolarizing
current pulses were superimposed on a
d-c hyperpolarization that maintained
the epithelial cells at —50 to =60 mV.
Alternatively, epithelial cells were hy-
perpolarized from resting potential with
20- to 100-msec pulses in an attempt to
elicit anode break excitation. In no in-
stance were there signs of regenerative
excitability in surface epithelial cells.

These data indicate that taste cells in
the mud puppy are capable of producing

regenerative impulses in response to di--

rect intracellular current injections and
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that the acquisition of voltage-sensitive
sodium and calcium channels is an im-
portant step in the differentiation of taste
cells from surrounding epithelial cells.
Action potentials—probably with a sub-
stantial calcium component—and high
input resistances have also been ob-
served in amphibian hair cells (13).
Whether chemical stimulation of taste
cells produces receptor potentials that
reach threshold and evoke impulses is
unknown, but it seems likely that taste
cell action potentials, especially their
calcium components, play some role in
the chemosensory transduction process.
For example, influx of calcium could
trigger transmitter release from the syn-
aptic foci of taste cells, analogous to the
release of acetylcholine from motor
nerve terminals (I4). Regenerative im-
pulses sensitive to TTX and cobalt have
been observed in frog taste cells after
anode break excitation (/5). This raises
the possibility that sodium and calcium
action potentials may be present in taste
cells of a number of species and may be a
fundamental mechanism in taste trans-
duction (/6).

S. ROPER
Departments of Anatomy and
Physiology, University of Colorado
Medical School, Denver 80262
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