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Patches of freshly isolated epithelial cells from eel
Anguilla anguilla intestine bathed by the same solution on
both sides in the cell-attached configuration had
conductances of 57.0±1.8 pS (for positive voltages) and
13.3±0.7 pS (for negative voltages) (means ±S.E.M., N=25).
Electrical activity was spontaneous in the cell-attached
configuration, but was frequently lost after excision. In
inside-out patches, channel activity was restored by strong
hyperpolarization (−150 mV for 5 s) or depolarization
(+150 mV for 5 s). Channel activity was inhibited by the Cl−

transport blocker DIDS (1 mmol l−1).
The membrane potential measured using the nystatin

slow whole-cell technique in primary cultured eel intestine

epithelial cells was −35.4±1.0 mV (N=14), similar to the
expected equilibrium potential for Cl− (−38.2 mV).
Removal of Cl− from the bath or application of DIDS
caused 16 mV and 6–7 mV depolarizing shifts in reversal
potential, respectively. In one experiment, DIDS also
induced a reduction in cell conductance from 0. 011±0.014
to 0.002±0.005 nS. The addition of 0.5 mmol l−1 8-(4-
chlorophenylthio)-adenosine 3′,5′-cyclic monophosphate (a
membrane-permeable analogue of cyclic AMP) to the bath
caused an increase in conductance without affecting the
reversal potential.

Key words: Cl− channel, cyclic AMP, eel, intestine, Anguilla anguilla.
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The epithelium of the eel intestine is a single folded lay
of columnar cells (Yamagishi et al., 1969; Ando an
Kobayashi, 1978). In saltwater-adapted eels, it perfor
vigorous transepithelial coupled transport of NaCl and wa
from the mucosal to the serosal side (Ando, 1975, 1980, 19
1983, 1985). The use of transport inhibitors has indicated 
presence of a 2Cl−/Na+/K+ cotransporter in the apical barrie
and a Na+ pump together with a Na+/Cl−/HCO3− antiporter
and a K+/Cl− symporter in the basolateral barrier (Marvão 
al., 1994). Trischitta et al. (1992, 1996) were able 
demonstrate an increase in transepithelial Cl− fluxes induced
by cyclic AMP, presumably through the activation of C−

channels.
The present study attempts to identify Cl− channels in the

epithelial cells of eel intestine and investigates the
contribution to the membrane potential and cell conductan

Materials and methods
Cell isolation

Eels (Anguilla anguillaL.) freshly collected from the mouth
of the river Tagus, Lisbon, Portugal, were kept at 4 °C in ha
strength artificial sea water (230 mmol l−1 NaCl, 14 mmol l−1

MgSO4). Animals were killed by decapitation and the medul
was destroyed. The posterior intestine was removed, ope
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and rinsed with NaCl solution (see below) containing
3 mmol l−1 dithiothreithol (DTT), a mucolytic agent. Epithelial
cells were scraped off using a razor blade. They were th
dissociated and cleaned enzymatically as follows: to 1 mg ml−1

collagenase and 1 mg ml−1 hyaluronidase in NaCl solution was
added 1 mg ml−1 bovine serum albumin (BSA) and 3 mmol l−1

DTT. Cells were incubated in this medium at room temperatu
(22 °C) for between 45 and 60 min with gentle shaking. Th
cells were then washed twice by centrifugation (30g, 2 min),
resuspended in NaCl solution containing 1 mg ml−1 BSA and
left on ice for 1–2 h.

Cell culture

Our procedures were based on those of Evans et al. (19
and Booth et al. (1995) with slight modifications. The posterio
intestine was washed several times in sterile NaCl solutio
containing 3 mmol l−1 DTT. Cells were scraped from the
intestine and cleaned enzymatically by incubation i
Dulbecco’s minimum essential medium/nutrient Harris
mixture F12 (1:1) (DMEM-F12) to which was added wate
(15 % v/v), 10 mmol l−1 Hepes, 2 mmol l−1 glutamine,
10 000 i.u. l−1 penicillin, 0.1 mg ml−1 streptomycin,
0.05 mg ml−1 gentamycin and heat-inactivated foetal bovine
serum (10 % v/v). The cells were then centrifuged (30g,
2 min). The pellet was resuspended in an enriched DMEM-F1
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culture medium containing 0.01 mg ml−1 insulin, 1µg ml−1

fibronectin and 0.02 mg ml−1 transferrin. Finally, the cells were
plated onto collagen-coated Petri dishes and kept at 20
After 48 h, cell clusters were adherent and starting to form
monolayer (Fig. 1A). After a further 48 h, the medium wa
removed, with most of the dead cells and debris, and repla
with fresh medium. Cells had migrated from the initial ce
groups and combined to form larger monolayers (Fig. 1B
these started to detach 1 week after seeding. Cells were stu
3–6 days after seeding.

Patch-clamp studies

Single-channel experiments

We applied the cell-attached and the inside-o
configurations of the patch-clamp technique (Hamill et a
1981) to isolated cells, which were then plated onto gla
coverslips attached to the bottom of Petri dishes pretreated w
poly-L-lysine (0.1 % v/v).

Borosilicate filamented glass pipettes (o.d. 1.5 mm; i.
0.86 mm) were pulled in two steps in a vertical puller, fir
polished and coated with Sylgard. The best seals were obta
with 15 MΩ pipettes when filled with NaCl solution. The
reference electrode was a Ag/AgCl wire embedded in
1 mol l−1 KCl/agar bridge.

Solutions

The NaCl solution contained (in mmol l−1) 120 NaCl, 5
KCl, 3 CaCl2, 1 MgCl2, 5 Hepes, 5 sodium pyruvate, 5
glucose (pH 7.4, 265 mosmol kg−1). The K+ solution
contained (in mmol l−1) 10 NaCl, 115 KCl, 3 CaCl2, 1 MgCl2,
5 Hepes, 1 EGTA, 5 sodium pyruvate, 5 glucose (pH 7
255 mosmol kg−1). We also added 3–6 mmol l−1 BaCl2 to the
pipette solution to block K+ channels. All the pipette
solutions were filtered through a Millipore filter (MILLEX-
GS, SLGS 025 BS, pore diamter 0.22µm). A stock solution
of the Cl− channel blocker 4,4′-diisothiocyanatostilbene-2,2′-
disulphonic acid (DIDS) (1 mmol l−1) in dimethylsulphoxide
(DMSO) was kept in the dark. Fresh solutions of the desir
concentration were prepared every 2 h on the day of e
AFig. 1. Phase-contrast photographs of a
primary culture of eel intestine cells.
(A) Photograph taken 48 h after
seeding showing several small
adherent cell clusters with migrating
cells. Non-adherent globular isolated
cells can still be observed (arrows).
(B) Photograph taken 96 h after
seeding showing further cell migration
and growth from the plated cell
groups. The large cell monolayer is
formed by the combination of several
initial cell colonies. It is possible to
identify cell debris from the original
plated cells (arrows). Scale bars,
100µm.
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experiment. The concentration of DMSO in the final solution
was 0.1 %. Bath solutions were changed gravimetrically 
fed by syringe injection at a flow rate of 5–10 ml min−1. The
time for 90 % turnover of the solution in the Petri dish wa
37 s.

Whole-cell experiments

Conventional whole-cell techniques proved difficult to
apply to freshly isolated cells. Even gentle negative press
caused cells to be sucked into the pipette. We used inst
the slow whole-cell (SWC) configuration of the patch-clam
technique (Horn and Marty, 1988; Oleson et al., 199
applied to cells from primary cultures of epithelial cells o
eel intestine. The adherence of these cells to the dis
facilitated seal formation, but the rate of success remain
poor. The volume of nystatin-free solution at the tip of th
pipette varied between experiments and, consequently, 
rate of diffusion of nystatin into the membrane patch al
varied. Cell-attached patches became perforated 3–20
after seal formation.

Results obtained from freshly isolated cells and fro
cultured cells were very similar and were pooled. The cultur
cells were pretreated with DTT (3 mmol l−1) in NaCl solution.
Electrodes (4 MΩ), prepared as described above but fro
unfilamented borosilicate glass, were filled with a K+-rich
solution containing (in mmol l−1) 20 NaCl, 10 KCl, 1 CaCl2, 3
MgCl2, 5 Hepes, 1 EGTA, 100 potassium gluconate, 1 NaAT
(pH 7.2, 230 mosmol kg−1). To improve seal formation, a
slightly hypotonic solution (80 % of cell osmolality) was used
Before each set of experiments, ATP (to 5 mmol l−1) was added
to the pipette solution, which was then filtered through 
Millipore filter (MILLEX-GS, SLGS 025 BS, pore diameter
0.22µm). Freshly prepared nystatin (100–300 mg ml−1 in
DMSO) was dissolved in 10 ml of the previously prepare
pipette solution and sonicated. The tips of the pipettes w
filled by dipping them in the nystatin-free solution. Th
pipettes were then back-filled with the nystatin-containin
solution. The nystatin solution was kept on ice and in the da
for up to 2 h. During the experiments, the microscope light w
B
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switched off whenever possible. The reference electrode w
as described above.

Intracellular electrical potential and membrane curren
were measured using the following solutions in the exter
bath: NaCl solution (see above); and nominally Cl−-free
solution (in mmol l−1), 120 sodium gluconate, 5 potassium
gluconate, 3 calcium gluconate, 1 magnesium acetate, 5 He
5 sodium pyruvate, 5 glucose (pH 7.4, 260 mosmol kg−1).
DIDS (0.4 mmol l−1) and a permeable analogue cyclic AM
(sodium salt, 0.5 mmol l−1) were dissolved in NaCl solution.
Bath solution changes were performed as described above

Data acquisition and analysis

Currents were recorded at room temperature (22 °C) us
an Axopatch-1D patch-clamp amplifier (Axon Instruments
Commercial software from Axon Instruments was used for t
voltage-clamp protocols, data acquisition and data analysis.
command voltages and membrane currents are analysed 
they had been measured at the intracellular side of 
membrane. In both the whole-cell and inside-o
configurations, the applied potentials correspond to t
difference between the bath and pipette potentials. In c
attached patches, the applied potential is superimposed on
spontaneous cell membrane potential, which is assumed t
−33 mV under the experimental conditions (Marvão et a
1994). Junction potentials were zeroed before seal format
and for whole-cell experiments we also corrected the poten
values for the liquid junction potentials arising from the use
different solutions in the pipette and bath or from changes
bath solution.

Analysis of single-channel recordings was performed if on
one current level was present. Reversal potentials a
conductance values were obtained from current–voltage (I/V)
plots. Reversal potentials in the cell-attached configurat
were estimated using the intracellular Cl−, K+ and Na+

concentrations reported by Marvão et al. (1994). Wh
rectification was present, the asymptotic forward and backw
conductances were estimated using least-mean-square li
fitting. Reversal potentials were estimated by interpolati
after fitting polynomial functions to the I/V curves. In slow
whole-cell experiments, we considered that nystatin h
diffused into the cell membrane and that the system entered
whole-cell configuration when cell membrane potenti
monitored in the current-clamp mode (I=0 A) reached a steady
state (variation <0.5 % min−1). I/V curves were obtained in the
voltage-clamp mode.

Results are presented as original recordings or I/V plots.
When results from more than two cells are presented, m
values ± standard errors of the mean (S.E.M.) are plotted. The
number of experiments is given in parentheses.

The values of the concentrations used are not corrected
activity. When comparisons with published values that h
been corrected for activity are made, these were converte
conventional concentrations using activities given by Robins
and Stokes (1959) and assuming an ionic strength 
150 mmol l−1 KCl solution.
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Chemicals

The culture medium and all other chemicals used in ce
cultures were purchased from Gibco (Paisley, Renfrewshir
Scotland, UK). Collagen and Sylgard were obtained from
Biochrom (Berlin, Germany) and Dow Corning Corp.
(Midland, MI 48640, USA), respectively. All other substances
were purchased from Sigma (St Louis, MI, USA).

Results
Single-channel results

Fig. 2A shows single-channel Cl− currents recorded in the
cell-attached configuration at different membrane potential
with NaCl solution in both the pipette and the bath. A mea
I/V curve from several patches (N=25) recorded under the
same conditions is shown in Fig. 2B. The reversal potential o
–36±2 mV (N=25) is closer to the estimated equilibrium
potential for Cl− (−23 mV) under these conditions than to the
estimated equilibrium potentials for K+ (−77 mV) or Na+

(+34 mV). The slope conductances were 57.0±1.8 pS for th
outward current and 13.3±0.7 pS for the inward current. I
inside-out patches (N=3) (Fig. 2C), the reversal potential was
again close to the predicted Cl− equilibrium potential. With
NaCl solution in the pipette and KCl solution in the bath
giving almost the same Cl− concentration on both sides of the
membrane patch, the outward slope conductance w
61.5±2.2 pS and the inward slope conductance was 32.2±0 p
the ratio of outward to inward conductance being 1.91. Th
reversal potential in these experiments was −3.8 mV.

Most of our results are from the cell-attached configuratio
because patch excision frequently caused the disappearanc
channel activity. Channel activity could be restored by th
application of a strong hyperpolarizing (−150 mV for 5 s) or
depolarizing (+150 mV for 5 s) voltage (Fig. 3A,B), but in
most of our experiments we lost the seal. Fig. 3 shows 
sequence of current recordings after the disappearance 
channel activity when the membrane patch was excise
(Fig. 3A). Activity reappeared when the patch was depolarize
to 150 mV for 5 s (Fig. 3B) and was blocked by the addition
of DIDS (1 mmol l−1) to the bath (Fig. 3C). Similar results were
obtained in five other experiments.

Whole-cell results

Fig. 4 presents cell membrane potentials (Vm) at zero patch
current during a sequence of bath solution changes. T
stable Vm values obtained with NaCl solution in the bath
averaged −35.4±1.0 mV (N=14). These values are
comparable with those (−33.4±1.0 mV, N=59) found by
Marvão et al. (1994) using intracellular microelectrodes. Ou
major finding is that a rapid change in bath Cl− concentration
from 130 mmol l−1 to a nominal 0 mmol l−1 produced a
depolarization of 16±2 mV (N=6). This is a strong indication
that the membrane of these cells is mainly Cl−-selective. This
effect was completely reversed by restoring the initial Cl−

concentration. Further evidence for Cl− selectivity comes
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Fig. 2. Single-channel Cl− currents in isolated epithelial cells of eel intestine. (A) Recordings of currents in the cell-attached configuration at
different membrane potentials (Vm) with NaCl solution in the pipette and bath. Note the long periods during which channels were open
interrupted by brief closing events. Arrows indicate the channel-open state. (B) Mean current–voltage (I/V) curve recorded from patches
(N=25) under the same conditions as in A. Estimated equilibrium potentials for Cl− (ECl) (also x intercept in figure), K+ (EK) and Na+ (ENa) are
indicated by arrows. Values are means ±S.E.M. (C) Mean I/V curve recorded using the inside-out configuration with the pipette filled with NaCl
solution and the bath containing KCl solution (N=3). Values are means ±S.E.M. Estimated equilibrium potentials for Cl−, K+ and Na+ are
indicated by arrows. The measured reversal potential is close to that expected for Cl−. The insets in B and C represent the cell-attached and
inside-out configurations, respectively, and show the solutions used. Iunit, unit current.
from the observation that, in two experiments, the additi
of 0.4 mmol l−1 DIDS to the bath solution produced a 6–7 m
depolarization of Vm. Cell membrane potential recording
showed a small hyperpolarization of only approximate
3 mV after the addition of 0.5 mmol l−1 cyclic AMP to the
bath solution. At the concentrations used, these effects
cyclic AMP and DIDS on Vm were completely reversible
when the bathing solution was replaced with 130 mmol−1

NaCl solution.
In a few experiments, it was possible to measure c

currents in the voltage-clamp mode, and the results are sh
in Fig. 5. The voltage range applied to the cells was ve
narrow (−60 to +60 mV) owing to limitations in seal stability
In one experiment, the traditional whole-cell configuratio
was obtained spontaneously and the conductance was sim
to that induced by nystatin in the other experiments. Fig.
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shows a typical I/V plot in control conditions with NaCl as
the bath solution; the reversal potential (Vr) of −37.6 mV is
near the calculated Cl− equilibrium potential of −38.2 mV.
We found similar I/V curves in 12 different cells. The
possible contribution of Cl− to the cell conductance was
studied in five different cells by removing Cl− from the
bathing medium; a typical result is shown in Fig. 5B. Whe
bath Cl− concentration was lowered to a nominal 0 mmol l−1,
the cell conductance decreased and the reversal poten
shifted from −40 to −21.9 mV. This effect was reversible
(data not shown). The effect of cyclic AMP was also studie
(Fig. 5C). Addition of 0.5 mmol l−1 cyclic AMP to the bath
NaCl solution induced an increase in cell conductanc
without shifting the reversal potential (N=2). In one
experiment, we studied the inhibitory effect of DIDS on thes
cell currents (Fig. 5D). At a bath concentration o
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Fig. 3. Single-channel currents recorded from an inside-out pa
from an isolated epithelial cell of the eel intestine at differe
membrane potentials (−100 to +120 mV in steps of 20 mV). NaCl
solution was in the pipette and KCl solution in the bat
(A) Recording from an inside-out patch immediately after excisio
Almost no channel activity is present. (B) Recording aft
depolarization to +150 mV for 5 s. (C) Recording after the additi
of 1 mmol l−1 DIDS to the bath. Note the complete inhibitory effec
of DIDS on channel activity.
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Fig. 4. Zero-current recordings (N=14) of cell membrane potential
(Vm) in nystatin–perforated patches (slow whole-cell method).
Values are means, with S.E.M. where N>2. The number of
measurements is given in parentheses. Cyclic AMP (0.5 mmol l−1)
and DIDS (0.4 mmol l−1) were dissolved in NaCl solution. The arrow
indicates the time sequence of changes in the bathing solution. Note
that the depolarization caused by 0.4 mmol l−1 DIDS is not as great as
the depolarization caused by the removal of Cl− from the bath
solution.
0.4 mmol l−1, the conductance decreased slowly from
0.011±0.014 nS to 0.002±0.005 nS over 20 min. This effe
was not completely reversible (results not shown).

Discussion
By using the cell-attached and the inside-out configuratio

of the patch-clamp technique, it was possible to identify a
characterise one type of Cl− channel in eel intestine epithelial
cells. In cell-attached experiments, we found that Cl− currents
reversed at −36 mV instead of at the expected value of −23 mV
estimated from the intracellular Cl− concentration
(54 mmol l−1) determined by Marvão et al. (1994). Th
intracellular Cl− concentration corresponding to the
experimental reversal potential was 33 mmol l−1, similar to
ct

ns
nd

e

values measured directly using double-barrelled Cl−

microelectrodes: 27.4 mmol l−1 in isolated frog (Rana
temporaria) epidermis (Giraldez and Ferreira, 1984),
22.5 mmol l−1 in toad (Bufo bufo) skin epithelium (Willumsen
and Hviid Larsen, 1986), 37.7 and 32.8 mmol l−1 in frog (Rana
ridibunda pallas) skin epithelium (Fernandes et al., 1989) and
30.8 mmol l−1 in isolated rabbit caecum (Ferreira et al., 1992)
This discrepancy might be due to an overestimation o
intracellular Cl− content by Marvão et al. (1994), but one
should keep in mind that there is a vigorous ‘active’ uptak
of Cl− across the apical barrier in fish intestine. Alternatively
the Cl− gradient might be dissipated in the isolated cells o
other ion channels might contribute to the cell reversa
potential.

In the inside-out configuration, the reversal potential of th
current pulses was near zero when the electrochemic
potential difference for Cl− was also zero, regardless of
whether non-zero electrochemical gradients for Na+ and K+

were applied simultaneously. This indicates that either high
selective Cl− channels or non-specific cation channels ar
present. The first explanation is supported by the observati
that channel activity was completely blocked by 1 mmol l−1

DIDS.
The current–voltage relationships obtained from patches 

the cell-attached and inside-out configurations were non-line
over the voltage range studied and showed outwar
rectification. Our results are similar to those for intermediat
outward-rectifying Cl− channels (IORCs) (Hayslett et al.,
1987; Gray et al., 1989; Frizzell and Halm, 1990; Poncet et a
1994).

Channel activity was spontaneous in the cell-attache
configuration, but frequently disappeared after excision o
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Fig. 5. Current–voltage (I/V) curves in perforated patches (nystatin slow whole-cell method) from primary cultured cells of eel intestine. 
(A) Pipette filled with K+-rich solution and NaCl solution in the bath. Estimated equilibrium potentials for Cl− (ECl), Na+ (ENa) and K+ (EK) are
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AMP. (D) Effect of addition of 0.4 mmol l−1 DIDS to the NaCl bath solution. The first curve (j) was measured immediately. Complete
inhibition occurs only after 20 min. The inset represents the nystatin slow whole-cell configuration with K+-rich solution in the pipette. I,
current; Vm, membrane potential.

j

Vm (mV)
the patch. In cells such as goby (Gillichthys mirabilis)
intestinal cells (Loretz and Fourtner, 1988), cultured hum
airway cells (Kunzelmann et al., 1989), HT29 cells derived
from human colon carcinoma (Kunzelmann et al., 199
Krick et al., 1991), human placenta trophoblas
(Kunzelmann et al., 1991) and pig kidney cortex cells (Kri
et al., 1991), some IORCs are regulated by cytosolic facto
This suggests the presence of cytosolic inhibitors. 
epithelial cells from eel intestine, we found that spontaneo
activity in the cell-attached configuration disappeared af
excision. We suggest that the channels in this case may
regulated positively by some intracellular factor that is lo
or diluted after excision. Additionally, our experiment
showed that these channels are voltage-regulated. A
patch excision, we could frequently restore channel activ
by briefly (5 s) depolarising (+150 mV) or hyperpolarisin
(−150 mV) transmembrane voltages. There are example
the literature of activation of epithelial Cl− channels in
excised membrane patches by strong sustain
depolarisation (Gray et al., 1989; Solc and Wine, 199
an
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Anderson et al., 1992; Poncet et al., 1994). These chann
differ from those described here since they are mostly sile
in cell-attached patches, although activation can be induc
following excision.

We further investigated the contribution of possible ioni
conductances to eel intestine epithelial cell membrane poten
using the nystatin slow whole-cell (SWC) configuration of th
patch-clamp technique. In these experiments, the K+ channel
inhibitor Ba2+ was not used. Our results revealed that th
membrane conductance of epithelial cells of the eel intesti
is mainly Cl−-selective. In these experiments, we clamped th
current at 0 A and followed changes in the membrane poten
that occurred as a result of ion substitutions. We found (a) th
the membrane potential measured in control condition
(−35.4 mV) was similar to the estimated equilibrium potentia
for Cl− (−38.2 mV), (b) that a strong depolarisation was cause
by removal of Cl− from the bath solution, and (c) that a
depolarization was observed in the presence of the Cl− channel
blocker DIDS.

The current–voltage curves indicate that the ce
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conductance is mainly due to Cl− channels since (a) when a
sufficient range of voltages could be applied (without losin
the seals), the whole-cell I/V curves were similar to those
found in single-channel experiments, with outwar
rectification and a reversal potential of −35.4 mV (I=0 A),
similar to the estimated Cl− equilibrium potential, (b) there
was a decrease in conductance when the Cl−-containing
bathing medium was replaced with a nominally Cl−-free
solution, and (c) the Cl− channel blocker DIDS blocked the
cell conductance.

In one experiment in the whole-cell configuration, th
application of 0.4 mmol l−1 DIDS caused a marked reduction
in cell conductance and a shift in the reversal potential towa
the Na+ equilibrium potential (50.2 mV). However, in single-
channel experiments, we did not detect Na+ channels. We
found that the same concentration of DIDS caused a 6–7
depolarising shift in reversal potential in the experiments 
which we followed the cell membrane potential. Thi
difference is probably due to a shorter period of inhibitio
since 0.4 mmol l−1 DIDS applied for 20 min caused complete
current inhibition.

Perforated patch experiments showed that 0.5 mmol l−1 cyclic
AMP in the bath solution caused an increase in cell conducta
without a concurrent shift in the reversal potential. Th
implicates activation of channels already present, probably C−-
selective channels. It has been suggested that cyclic AMP o
agonists activate Cl− channels in secretory epithelia in huma
colon (HT29) cells (Hayslett et al., 1987) and in cultured huma
airway epithelial cells (Schwiebert et al., 1994; for a review, s
Anderson et al., 1992). In eel intestine, Trischitta et al. (199
demonstrated that cyclic AMP activates transcellular C−

conductance mechanisms.
Whether Cl− channels exist only on the apical membrane 

also in the basolateral membrane remains to be investigated
the basis of the large Cl− fluxes found in either the serosal o
the mucosal direction (with a net flux towards the serosal sid
Marvão et al. (1994) predicted the existence of Cl− channels on
both the apical and basolateral barriers. Our single-chan
current experiments were performed on freshly isolat
epithelial cells from eel intestine or on cultured cells. Therefo
for these preparations, we could not define the precise loca
of the channels. We observed single-current events in alm
all experiments with isolated cells, an indication that the
channels may occur on both cell membranes.
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