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Summary. Membrane currents in single cardiac myocytes from
adult guinea pigs were studied by means of the patch-clamp tech-
nique (whole-cell mode). During spontaneous or caffeine-induced
Ca’* release from the sarcoplasmic reticulum openings of a novel
ion channel with large unitary conductance (280 pS) can be re-
corded. The density of these channels and/or its open-state proba-
bility are unusualily low. On average in the whole-cell mode simul-
taneous maximum superposition of only four channels is
observed. Opening events of this channel require an intraceilular
Ca’* transient. Activation by [Ca’*];, however. seems to be indi-
rect; maximum opening activity occurs with a delay of several
hundred milliseconds after peak [Ca®"];. Single-channel activity
can be enhanced by a cyclic AMP dependent process via -
adrenergic stimulation of a cell. This can also be mimicked by
caffeine, most likely via inhibition of phosphodiesterase. Octanol,
an inhibitor of gap-junctional coupling in a variety of tissues,
causes a concentration-dependent and reversible decrease in sin-
gle-channel activity. Unitary conductance is not affected by octa-
nol. The low density of these channels in cardiac membranes and
their poor selectivity render any role in normal cardiac electrical
activity unlikely. A possible relation of the channel to cardiac gap
Jjunctions is discussed.

Key Words cardiac myocytes - ion channel - gap junction -
Ca-activated ion channel - maxichannel - S-adrenoceptor

Introduction

Cardiac cells possess a large number of different ion
channels which contribute to the action potential,
are involved in the control of contraction, serve to
initiate or modulate spontaneous activity or have not
yet defined functions (for review, see Noble, 1984;
DiFrancesco & Noble, 1985; Gintant & Cohen,
1989). Furthermore, each cardiac cell is coupled to
its neighbors via gap junctions containing cell-cell
channels (see Page & Manjunath, 1986, for further
literature).

Transitions between open and closed states of
ion channels in cell membranes can be measured by
means of the patch-clamp technique, which permits

isolation of a small area of membrane containing
a small number, ideally one, of channels from the
usually large population of channels present in a cell
(Hamill et al., 1981). In the whole-cell modification
of the patch-clamp technique, on the other hand,
macroscopic membrane currents representing the
average properties of a large number of channels of
one particular type can be measured.

In the present investigation openings of a novel
large-conductance ion channel (I.CC) in the mem-
brane of cardiac myocytes have been identified. Sin-
gle-channel open events have only been detected in
the whole-cell configuration but not in membrane
patches. The channel, having a unitary conductance
of 280 pS in the present conditions, could be modu-
lated by conditions causing a rise in intracellular
cAMP, and it was inhibited by octanol (=107° m).
A possible relation of this channel to gap junction
hemichannels will be discussed. A preliminary re-
port of this study has been published in abstract form
(Mechmann & Pott, 1989).

Materials and Methods

IsoLATED MYOCYTES

The method of cell isolation and the conditions for long-term
culture of atrial myocytes from hearts of adult guinea pigs have
been described in detail previously (Bechem, Pott & Rennebaum,
1983). Briefly, hearts from guinea pigs of either sex weighing
200-300 g were perfused under sterile conditions in a Jaminar flow
cabinet with a Ca’*-free (0.1 mm EGTA) modified Tyrodes’s
solution for 5 min. This was followed by perfusion with a solution
containing collagenase (1 mg/ml; Worthington CLS II) and elas-
tase (Suspension Serva; 10 pl/ml) for 20—-40 min. Atrial and ven-
tricular tissue were separately dispersed and carefully washed
with culture medium (M 199, Gibco or BM-86 Wissler, Boehringer
Mannheim, both buffered with 20 mm HEPES to pH 7.2-7.4)
supplemented with FCS (1%, Gibco) and gentamycin (25 pg/ml,
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Gibco). The cells were transferred to plastic tissue culture dishes
(35-mm diameter, Falcon) at a density of a few thousand cells per
dish. The cultures were stored in an incubator at 37°C, 90%
humidity and 1% CO,. For the experiments atrial myocytes were
used from day 0 to day 10 after isolation; their membrane capaci-
tance ranged from 15 to 25 pF.

SOLUTIONS

For the measurements the culture medium was replaced by a
solution containing (in mm); NaCl 140, CsCl12.0, CaCl, 2.0, MgCl,
1.0, HEPES/CsOH 10.0, pH 7.4.

The pipette filling solution (ICS) for intracellular dialysis
contained (in mMm): Csscitrate 65, CsCl 10.0, NaCl 10.0, MgCl,
1.0, HEPES/CsOH 10, pH 7.4. This solution was supplemented
with MgATP (4 mm) and EGTA as indicated for the individual
experiments (compare Bechem & Pott, 1985). After replacement
of the culture medium by the solution of the composition listed
above, the volume of the dish was reduced by a Perspex ring,
fitted into the dish, to which thin plastic tubes for inflow and
suction of solution were attached. The effective volume of the
chamber surrounded by this device was about 0.5 mi. This cham-
ber was continuously perfused by gravity at a rate of approxi-
mately 2 ml - min~',

CURRENT MEASUREMENT

Membrane currents were measured under voltage clamp by
means of patch-clamp pipettes (whole-cell mode; Hamill et al.,
1981). Patch-clamp pipettes were fabricated from Pyrex glass
(0.d., 1.5 mm, i.d., 1.0 mm) and were filled with ICS of the above
composition. The DC resistance of the filled pipettes ranged from
2 to 6 M. Voltage and current measurements were performed
by means of a patch-clamp amplifier (List LM/EPC 7). Signals
were stored on analog tape (Racall 4DS), and later analyzed by
means of an IBM-compatible AT computer equipped with an AD/
DA-board (Data-Translation 2821). Experiments were performed
at ambient temperature (21-23°C).

Results

ACTIVATION OF IoN CHANNELS BY
CarLciUM RELEASE

Upon dialysis with the pipette solution listed above
most of the myocytes developed spontaneous tran-
sient inward currents (/1) at constant negative hold-
ing potentials. It has been shown previously that this
type of transient inward current is caused by cyclic
Ca?* release from the SR, the charge carrying mech-
anism being Na*Ca®* exchange (Mechmann & Pott,
1986; Lipp & Pott, 1988a,b). In most of the cells
studied superimposed on the spontaneous transient
inward current was sporadic activity of an ionic
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release causes Na*-Ca’* ex-

Fig. 1. Spontaneous cyclic Ca?*
change current and openings of a Jarge-conductance ion channel.
Atrial myocyte dialyzed for 6 min with ICS of the composition
listed in Materials and Methods. Holding potential was —60 mV
throughout. The middle trace marked @ corresponds to the period
of time marked by the horizontal line in the top trace

channel, as illustrated in Fig. 1. Although openings
of this channel could be detected in the majority of
myocytes displaying spontaneous transient inward
currents, they were very infrequent events. During
the period of time of 30 sec, represented by the trace
in Fig. 1, only about 150 opening events could be
identified. Furthermore, in this cell no superposit-
ions of two or more channel openings were detected.

As has been shown previously, (Mechmann &
Pott, 1986; Lipp, Mechmann & Pott, 1987) higher
and more sustained activity of LCC can be observed
following caffeine-induced Ca’" release.

Figure 2 shows a representative current record-
ing illustrating the effect of fast application of caf-
feine. During spontaneously occurring I, few open-
ings could be detected. Superfusion of the cell with
caffeine-containing (10 mm) solution caused an in-
ward current of similar peak amplitude as spontane-
ous Iy . At this concentration caffeine causes release
of Ca’* from the SR-stores (Weber & Herz, 1968)
and prevents re-uptake, most likely by keeping the
release channels in an active state (Rousseau &
Meissner, 1989). A much higher activity of LCC was
observed in the presence of caffeine. As channel
activity was only observed following Ca>* release
from the SR, Ca®™ is likely to be involved in channel
gating. The action of [Ca?*]; on channel activity,
however, is slow. The expanded trace in Fig. 2
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Fig. 2. Channel activity evoked by caffeine-induced Ca’ release
from the sarcoplasmic reticulum. Membrane potential was held
at —50 mV throughout. Caffeine-containing solution (10 mm) was
applied by pressure ejection from a micropipette Jocated in a
distance of around 20 wm from the cell. The arrows labeled @ and
b in the middle trace mark the peak of Ca’*-release-dependent
inward current, ¢, and maximum of channel activity, b

clearly shows that the maximum of channel activity
lagged behind the peak of the transient inward cur-
rent by about 2 sec. The latter has been shown under
very similar conditions to be linearly and instantane-
ously related to [Ca’"]; (Beuckelmann, Pott & Wier,
1989); thus, peak I, corresponds to peak [Ca®'];. A
delay between peak [Ca?"]; and maximum activity
was a consistent finding (see also Figs. 1 and 4) and
suggests Ca’*-dependent slow reaction(s) and not
just Ca*>*-binding to an activation site to be involved
in activating channel gating. In this cell the caffeine-
evoked Ca’" release caused a maximum of four si-
multaneous openings, which was the average maxi-
mum figure from more than 200 atrial myocytes.
Note however, that in the continuous presence of
caffeine channel activity slowly decayed. Some-
times LCC activity ceased after some tens of sec-
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Fig. 3. Variability of channel activity in different myocytes. Caf-
feine was applied as described to two different myocytes. (A)
Apparent transient activation of a single channel (no superposit-
ions of channel openings are detectable). After 20 sec in the
presence of caffeine, channel activity ceased. In the presence of
caffeine brief periods of opening activity can be induced by strong
depolarizations {e.g., 5 sec to +30 mV). (B) Transient simultane-
ous activation of at least 20 channels. Caffeine-containing solution
(10 mMm) was superfused during the period of time between the two
arrows. Note spontaneous inward currents and channel activity
before and after superfusion with caffeine

onds, whereas in the majority of cells activity of an
apparently small number of channels can be re-
corded for 10-20 min.

The variability of channel activity in individual
myocytes is illustrated in Fig. 3, which shows mem-
brane currents from two different cells as affected
by fast application of caffeine-containing solution
(10 mm). Whereas in the cell in panel A only one
open-channel current level was observed in the pres-
ence of caffeine (superimposed on inward Iy,c,), at
least 20 channels were transiently active in panel B.
In A a strong depolarization (5 sec to +30 mV)
in the presence of caffeine resulted in a transient
reactivation of opening activity. This is likely to
reflect the additional Ca?"-load via reverse mode
Na*-Ca’* exchange (Lipp & Pott, 1988h). A direct
effect of the depolarization as such, however, at
present cannot be excluded. The examples traced in
Fig. 3 represent two extremes. The behavior found
more commonly was depicted in Fig. 2. In addition
to the variability observed among different cells,
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Fig. 4. Variability of channel activity in a single myocyte. Two
superfusions with caffeine-containing solution at 1 = 6 min (A)
and ¢ = 12 min (B) after getting access to the inside of the cell.
The caffeine-containing pipette was in identical positions for both
traces, as was the applied pressure for ejecting solution

repeated application of caffeine in the same cell often
resulted in very different levels of LCC activity. An
example is illustrated in Fig. 4. The first superfusion
with caffeine resulted in maximum superposition of
three channels. After a period of 5 min in caffeine-
free solution a second challenge with this drug, using
an identical position of the flushing pipette and iden-
tical flow rate, resulted in much higher activity. Up
to five channels are simultaneously open during peak
of activity. The channel current integrated for a pe-
riod of time between 1.5 and 2.5 sec after t = 0
(arrows) is 12-fold higher for trace B as compared to
A. Such a variability was a consistent finding. It was
unpredictable, however, whether activity during the
second caffeine-induced Ca’*-release was higher
than during the first one or vice versa. The sample
traces shown in Figs. 3 and 4 demonstrate the great
variability of LCC activity which impairs study of
kinetic aspects of this channel.

In agreement with a previous study (Lipp et al.,
1987) the conductance of the channel in the present
conditions was determined as 284 = 34 pS.(n = 12,
see also Fig. 5D). In a range of membrane potentials
between — 100 and +80 mV the open-channel I/
V relation was linear. The reversal potential was
determined as +13 = 5 mV. The selectivity of the
channel for monovalent cations was rather poor. A
detailed analysis of the selectivity properties of this
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channel will be presented in a separate paper (S.
Mechmann & L. Pott, in preparation).

Apart from the 280 pS main conductance, the
channel exhibited smaller conductance levels in
most experiments. The sublevel most frequently
detected, had 50% of the main conductance (Fig.
5). The 50% level was identified in virtually all
experiments, its probability amounting to about 5%
of the main level. A plot of both the current carried
by the fully open channel and the 50% state,
respectively, yields almost identical reversal poten-
tials of 17 and 15 mV, respectively (Fig. 5C). A
25% level was detected in only about 10% of the
current recordings. A sample trace is shown in
Fig. 6. Its overall probability was less than 1% of
the fully open level. Apart from these subconduc-
tance levels occasionally transitions to conduc-
tance states other than 50 and 25% were observed.
These, however, were observed too seldom to
permit a clear identification as sublevels of LCC,
or a different type of channel, respectively.

The facts that small numbers of active channels
were reproducibly recorded in the whole-cell mode
and that long-lasting elevations of [Ca’*];, much
longer than a physiological Ca?* transient, were
necessary to observe these single-channel current
events, suggest a contribution to cardiac excitation
to be unlikely. A contribution to [Ca’"]-release-
dependent transient inward current can also be
excluded. This current can be recorded also with-
out LCC activity superimposed. Note that LLCC
unitary conductance differs by about one order of
magnitude from the [Ca?*]-activated unselective
cation channel (Colquhoun et al., 1981; Ehara,
Noma & Ono, 1988), which is being discussed
in the context of contributing to arrhythmogenic
transient inward current.

MODULATION OF CHANNEL ACTIVITY BY (3-
ADRENERGIC STIMULATION

The tool used in the present investigation to repro-
ducibly induce measurable activity of LCC was
caffeine. Apart from its action on sarcoplasmic
reticulum release channel (Rousseau & Meissner,
1989) this substance, like other methylxanthines,
acts as an inhibitor of phosphodiesterase and,
therefore, may stimulate the cAMP-dependent reg-
ulatory pathway. In order to investigate whether
such an effect is involved in activation or modula-
tion, respectively, of LCC, we evaluated channel
current following administration of caffeine by in-
tegrating channel current during appropriate peri-
ods of time. The time-dependent change of channel
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Fig. 5. 50% subconductance of LCC. (4) Sample traces of channe] openings at the membrane potentials indicated. (B) Expanded
section corresponding to the box in A. (C) Amplitude histogram generated from a trace of 2 sec in duration (—60 mV). (D) Plots of
current against membrane potential for 100% conductance state (A) and 50% sublevel (@). Plotted data were derived from maxima of
amplitude histograms. The straight lines are least-square fits of the data points

current was compared to the increase of the ampli-
tude of L-type Ca?* current (I,), which can be
used as a qualitative monitor for an increase of
intracellular cAMP concentration (e.g., Trautwein
et al., 1986). A representative experiment is iilus-
trated in Fig. 7. I, was elicited by stepping from
the holding potential (=50 mV) to +10 mV (40
msec; 0.1 sec™'). I-, the channel current, was
integrated over periods of time of 30 sec. About
30 sec after superfusion with caffeine-containing
solution was started, /-, began to increase from 45
to 150 pA within about 2§ min. This increase of
I, is paralleled by an increase of /. from 0.6 to

2.3 pA during the first two 30-sec periods reaching
a level of 3.3 pA after 4 min. As shown in Figs.
2 and 3 this result, however, is not representative.
In the majority of experiments /- reached a maxi-
mum briefly after a caffeine challenge and then
decayed or even ceased after a few minutes. These
diverging results are possibly due to the fact that
[Ca’*],, the primary activator of LCC, reaches a
maximum briefly after SR Ca?* release and then
decays to a level which might be different in
different myocytes, whereas intracellular cAMP
upon inhibition of phosphodiesterase, slowly rises
to an equilibrium concentration which is reached



Fig. 6. Sample trace showing simultaneous occurrence of 50 and
25% subconductance levels (holding potential —55 mV). ¢ and o
denote fully closed and fully open states

only after several minutes. The superposition of the
variable time courses of the two putative factors
affecting LLCC activity might cause differences in
the overall time course of LCC activity.

Additional stimulation of the cAMP-dependent
regulatory pathway by isoprenaline in 8 out of 20
experiments caused an increase in channel activity
which was closely related in time to the addition
of the B-receptor agonist. One example is illus-
trated in Fig. 8. LCC activity was evoked by
superfusion with caffeine at 1 = —2 min. Activity,
assayed by integrating periods of 2 sec was fairly
constant for about 5 sec. Superfusion with caffeine
plus isoprenaline (5 X 1077 m) starting at ¢ = 6 sec
results in an increase of mean channel activity by
about 400% within 6 sec. No depolarizing clamp
steps were applied in this experiment in order to
exclude the possibility that increased [Ca?*]-entry
via L-type channels contributes to the increase in
LCC activity.

Cyclic AMP dependent protein kinase has a
number of different target proteins at various sites
of cardiac myocytes (for review, see Robinson-
Steiner & Corbin, 1986). In the sarcolemma, apart
from the well-known role of this enzyme in regulat-
ing L-type I, (e.g., Trautwein et al., 1986), modu-
lation of cell-to-cell coupling following B-adrenergic
stimulation or injection of cAMP, respectively,
have been documented (e.g., DeMello, 1986). Al-
though single-channel measurements in cell pairs
have provided information on the properties of the
channel connecting two cells (see Discussion for
further literature) it is not known at present
whether or not putative hemichannels (connexons)
are able to open under certain conditions. Nor is
it known what exactly happens during decoupling

L. Pott and S. Mechmann: Cardiac Large-Conductance Channel

1

ALY

20 pA
100 ms
Ica [PAT Ic pAl o
200( 10
Catfeing 5 mM
A
.
PR .
L]
.l
100 . 45
.
[}
.\
2
a . o & °
| o b * °
..I ‘.." °
°
1
o ¢
0 - A 0
o} 1 2 3 4 5
t [minl

Fig. 7. Plot of Ca’* current evoked by step depolarizations from
holding potential of —50 to +10 mV (I, o, left ordinate) and
integrated channel current (I, o, right ordinate) against time (¢
= 0 is arbitrary and corresponds to about 5 min after establishing
the whole-cell recording configuration). Perfusion of the cell with
caffeine-containing solution is indicated by the horizontal bar,
The data points labeled ¢~d and { and 2 correspond to the current
traces

or recoupling of cells or during modulation of
coupling by cAMP-dependent kinase.

INHIBITION OF CHANNEL ACTIVITY BY OCTANOL

In order to test the working hypothesis of LCC rep-
resenting opening activity of gap-junctional hemi-
channels, the effect of octanol was studied. It has
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Fig. 8. Effect of isoprenaline (5 x 1077 M) on channel activity.
(A) Low speed recording of membrane current of a myocyte held
at — 50 mV. The recording starts 2 min after switching to caffeine-
containing solution (10 mm, bath perfusion). (B) Integrated chan-
nelactivity (from A ). Channel activity was integrated over periods
of | sec; sections containing artifacts (e.g., upward deflections in
top trace) were discarded

been shown previously that long-chain alcohols such
as octanol or heptanol cause decoupling in a variety
of cell types (Déléze & Hervé, 1983; Niggli et al.,
1989). The mechanism of this decoupling, however,
is not well understood. Figure 9 illustrates that su-
perfusion of a cell with octanol (4 x 107* M), in the
presence of caffeine, causes a reduction of LCC
activity to about 10% of the control level. The action,
which is a reduction of the open-state probability, is
completely reversible. The step size of the current
events remains unaffected. This is confirmed by ana-
lyzing the effect of OCT at different membrane po-
tentials (Fig. 10). The slope conductance between
—80 and +20 mV of 281 pS is the same with and
without the alcohol. Thus, OCT somehow affects
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Fig. 9. Reduction of channel activity by octanol. (A) LCC open-
ings were evoked by bath perfusion with caffeine-containing solu-
tion (starting 2 min before the beginning of the displayed trace).
Octanol was applied from a micropipette containing both the
alcohol and 10 mm caffeine. (B) Integrated channel activity (5 sec
per point) from A. The insets are Sample traces before, during
and after application of the alcohol. Holding potential was — 50
mV

gating of LCC rather than its conductance proper-
ties. The concentration-response curve for this ef-
fect of OCT which is shown in Fig. 11, can be ap-
proximated by a simple binding curve with half-
maximum inhibition at 4.5 x 107> M. These results
might indicate some relation of LCC to cardiac gap-
Jjunctional channels. The action of OCT, however,
is not at all specific. As depicted in Fig. 12 the ampli-
tude of L-type I, evoked by stepping from — 50 to
0 mV is reversibly reduced to 20% by superfusion
with a solution containing OCT (4 x 10~% m). Fur-
thermore the fast TTX-sensitive Na current evoked
by stepping from —70 to —40 mV was also reduced
by OCT in that range of concentrations (not shown,
compare Hirche, 1985).
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Fig. 10. Lack of effect of octanol on channel conductance. Chan-
nel current amplitude in the absence (@) and in the presence (&)
of octanol (1073 M) has been plotted against membrane potential.
The straight line represents a linear regression of the control data
(281 pS; E.., = 12mV). The sample traces were recorded at —45
mV
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Fig. 11. Concentration-response curve of the inhibitory action of
octanol on LCC. Inhibition expressed as 1-Uggetanot/ I¢) s With Jeoea.
21 denoting the integrated channel current in the presence of
octanol, and I, the integrated channel current before application
of the alcohol. I~ was determined during a 30-sec pefiod before
superfusion with the OCT-containing solution. Icgne Was deter-
mined during a period of 30 sec when the action of the alcohol
appeared to be in a steady state (compare Fig. 9). Holding poten-
tial was either —45 or —50 mV. The data points represent single
measurements, mean values, or mean values = SEM, respectively.
The numbers of different cells are indicated. The curve was calcu-
lated using simple saturation kinetics with half-maximum inhibi-
tion at 4.5 X 1075 M
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Fig. 12. Effect of octanol on L-type Ca’* current. Peak I, has
been plotted against time. I, was elicited by voltage steps from
—50 to 0 mV (duration 50 msec; frequency 0.1 sec™!). Caffeine
was superfused starting 2 min before the beginning of the plot.
Octanol (4 x 107* »m) was superfused during the time illustrated
by the horizontal bar

Discussion

The major findings of the present investigation can
be summarized as follows: A novel ion channel with
unusually large conductance can be measured in iso-
lated cardiac myocytes in the whole-cell mode of the
patch-clamp technique, but not in isolated mem-
brane patches. Each cell seems to possess only a
small number of these channels. The channel is acti-
vated by a rise in-[Ca?"], in an indirect way. Its
activity can be modulated by B-adrenergic stimula-
tion, and it is inhibited by octanol in the external
solution.

In the present investigation a citrate-based solu-
tion for internal dialysis of the cells was used. Dial-
ysis with such a solution has been shown to provide
a condition for measuring stable Ca?*-release-de-
pendent inward current (Mechmann & Pott, 1986;
Lipp et al., 1987; Lipp & Pott, 19884,b; Beuckel-
mann et al., 1989; Boller & Pott, 1989). Furthermore,
long-lasting activity of LCC hitherto has only been
described under this condition. Observations of
LCC opening events, however, are not limited to
myocytes dialyzed with such a solution. We have
detected activity of an ion channel in myocytes dia-
lyzed with Cs-aspartate solution without citrate fol-
lowing caffeine-induced Ca?* release (not shown).
Furthermore in a previous publication from a differ-
ent laboratory single-channel activity in whole-cell
clamped cardiac myocytes resembling LCC activity
has been detected (Callewaert, Cleemann & Morad,
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1989). This safely excludes that channel activity of
the type described here represents an effect of citrate
as such.

Apart from the studies cited above (see also
Penner, Matthews & Neher, 1988) resolution of dis-
crete single-channel current events in the whole-cell
patch-clamp configuration is unusual. It requires an
extremely low density of the particular species of
channel in the membrane and/or a very low probabil-
ity of opening. In the present study cells with a
capacity of the surface membrane in the order of 20
pF were used. Assuming a specific capacitance of |
wF + cm™?, this corresponds to a membrane area of
2000 um?. On average, maximum superposition of
five simultaneous openings was found. Although we
have no data on open-state probabilities of the single
channel, these figures suggest an extremely low den-
sity of LCC in the cardiac sarcolemma (compare,
e.g.,3-5 um~%for Ca’* channels in ventricular myo-
cytes; Pelzer et al., 1986).

As an alternative the possibility has to be consid-
ered that LCC activity is particularly low in the
conditions of the present investigation. In that case,
however, any other experimental condition used in
the past in patch-clamp and conventional voltage-
clamp studies on isolated cardiac cells should be
even less favorable for activating LCC. Small num-
bers of channels should have been detected as single-
channel events, larger numbers as corresponding
contamination of other membrane current systems
studied. (Note that simultaneous opening of only
100 channels—still a small number—at a holding
potential of —50 mV, which is often used, e.g., for
investigations of Ca®" currents, would contribute a
current on the order of 2 nA in magnitude. Such a
linear leak-current would completely dominate the
1/V characteristics of a cardiac cell).

In cardiac myocytes isolated enzymatically
from different tissues of various mammalian and am-
phibian species, a large number of different ion chan-
nels with known or in some cases unknown function
have been identified in recent years. In the context
of the present investigation two types of ion channels
have to be considered: an unselective cation chan-
nel, first described in cultured neonatal rat myocytes
(Colquhoun et al., 1981) and, more recently also in
adult ventricular cells (Ehara et al., 1988). The uni-
tary conductance of this channel has been deter-
mined as 30-40 pS by Colquhoun et al. (1981) in
neonatal myocytes and as about 15 pS under some-
what different conditions in adult ventricular cells
by Ehara et al. (1988). Thus, the conductance of that
type of channel is about one order of magnitude less
as compared to LCC. Furthermore, those channels
could be reproducibly detected in isolated mem-
brane patches, which suggests their density to be in
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the region of 1 um~'. These two properties render
any relation of LCC to the previously described un-
selective cation channel very unlikely.

Kameyama et al. (1984) reported the existence
of a large-conductance K-selective channel in ven-
tricular myocytes which is activated by high intracel-
lular Na™ concentrations which are hardly reached
under any physiological or pathophysioclogical con-
dition. Half-maximum activation occurred at around
60 mMm [Na™],. This channel, the function of which
is not at all understood, is completely insensitive
to changes of [Ca?*] at the cytosolic face of the
membrane. Thus, despite the very similar unitary
conductance, an identity with LCC can be excluded.

Taking into consideration the properties of this
channel, a physiological role during the cardiac cycle
would be difficult to explain. The inhibitory effect
of octanol suggests LCC to be related to the gap-
junctional channel which under physiological condi-
tions does not exist as a frans-membrane channel
connecting the cytoplasm and the extracellular
space but as a dimeric channel connecting the cyto-
plasm of two adjacent myocytes. Ultrastructural
work has shown that enzymatic isolation goes along
with internalization of the gap junctions (Mazet, Wit-
tenberg & Spray, 1985). On the other hand a certain
number of preformed connexons is likely to exist in
the surface membrane of single cells. At least in
neonatal rat myocytes electrical coupling takes place

~ within a few minutes if two cells are brought into

close contact (Rook, Jongsma & van Ginneken,
1988). This can hardly be explained by de novo syn-
thesis of the channel-forming protein. The ques-
tions, however, arise (i) whether or not the hemi-
channel can show gating and (ii) whether this can be
provoked by a rise in free [Ca?*],. The latter seems
to be paradoxical, since it has been demonstrated
previously that Ca?* overload causes decoupling of
cardiac cells (e.g., Dahl & Isenberg, 1980; DeMello,
1986; Maurer & Weingart, 1987). One of the primary
events causing decoupling seems to be a change
of the geometry of the two hemichannels involved
(Unwin, Zampighi, 1980).The latter authors have
shown, using high-resolution electron microscopy
that the change of geometry can be described by a
slight rotation of the tilted six subunits forming a
connexon. In this or any similar model decoupling
due to a rise in free [Ca®*], goes along with a strong
conformational change of the two connexons,
brought about by the decoupling agent. It is conceiv-
able at least that Ca’* binding to a single (closed)
connexon, with a low probability causes transitions
to a ‘coupled’, i.e., open conformation.

The large conductance of about 280 pS would
be compatible with single-channel measurements of
cell-to-cell channels in various types of paired cells
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by means of double patch clamp: 120 pS in rat lacri-
mal gland by Neyton and Trautmann, 1985; 165 pS
in chicken ventricular myocytes by Veenstra and
DeHaan, 1986; and 130 pS in mouse pancreas by
Somogyi and Kolb, 1989. Hepatocyte gap junctions
reconstituted into lipid bilayers had a conductance
of 150 pS (Spray et al., 1986). The figures quoted
above were the main conductance states. Smaller
sublevels were found in most of those studies. If the
cell-to-cell channel represented two hemichannels
forming aqueous pores in series, the conductance of
the latter should be larger by a factor of two. A very
recent publication on paired guinea pig ventricular
myocytes, using decoupling by means of heptanol,
clearly demonstrated a major conductance around
37 pS of the cell-to-cell channel (Ridisiili & Weing-
art, 1989). In cell pairs from neonatal rat heart the
larger conductance state was found to be very simi-
lar (43 pS, Rook et al, 1988; Rook, Jongsma & de
Jonge, 1989). In order to account for the much larger
conductance of LCC and for the discrepancy be-
tween these small conductance levels and those
quoted above one should have to assume that, de-
pending on cell species and experimental condition,
different conductance states can be stabilized and
appear as major state. If, e.g., the hemichannel were
locked in the 25% sublevel found only very occasion-
ally in the present study, its conductance would be
in the order of =70 pS, resulting in a theoretical
conductance of =35 pS for two channels in series.

Our interpretation of LCC gating in terms of
opening of single connexons at present is not directly
supported by experimental evidence. Neither the
blocking effect of octanol nor the stimulating 8-ad-
renergic effect are specific to such a mechanism.
There is not even a common view on the mechanism
how long-chain alcohols cause decoupling. This
could theoretically occur either via a continuous re-
duction of the conductance of the dimeric channel
from some finite value to zero without visible unitary
steplike events (Somogyi & Kolb, 1989) or by all-or-
none closure of individual channels (Spray et al.,
1986:; Veenstra & DeHaan, 1988; Ridisiili & Weing-
art, 1989). The latter would be compatible with the
present observation.

In order to either corroborate or discard our
hypothesis further experiments using more specific
tools are required.

This work was supported by the Deutsche Forschungsgemein-

schaft (FG Konzell).
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