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Summary. In the present study we used established methods to
obtain apical membrane vesicles from the toad urinary bladder
and incorporated these membrane fragments to solvent-free pla-
nar lipid bilayer membranes. This resulted in the appearance
of a macroscopic conductance highly sensitive to the diuretic
amiloride added to the cis side. The blockage is voltage dependent
and well described by a model which assumes that the drug binds
to sites in the channel lumen. This binding site is localized at
about 15% of the electric field across the membrane. The apparent
inhibition constant (K ) is equal t0 0.98 um. Ca’", in the micro-
molar range on the cis side, is a potent blocker of this conduc-
tance. The effect of the divalent has a complex voltage depen-
dence and is modulated by pH. At the unitary level we have found
two distinct amiloride-blockable channels with conductances of
160 pS (more frequent) and 120 pS. In the absence of the drug the
mean open time is around 0.5 sec for both channels and is not
dependent on voltage. The channels are cation selective
(Pxna/Po = 15) and poorly discriminate between Na™ and K*
(Pya/Px = 2). Amiloride decreases the lifetime in the open state
of both channels and also the conductance of the 160-pS channel.

Key Words cation channels - amiloride - lipid bilayer - recon-
stitution - toad bladder

Introduction

Tight epithelial tissues are characterized by the
presence of Na®-specific pathways in their apical
membranes whose permeability can be hormonally
controlled, e.g., by aldosterone (Palmer et al.,
1982; Asher & Garty, 1988) and oxytocin (Van
Driessche, Aelvoet & Erlij, 1987). This entry path-
way is highly sensitive to amiloride (Benos, 1982)
and was strongly correlated with ion channels by
Lindemann and coworkers using current fluctua-
tion analysis (Lindemann, 1980, 1984). More re-
cently, studies on the short-circuited toad bladder
have shown that blockage by amiloride is voltage
dependent. The drug may sense about 15% of the
transmembrane electric field (Palmer, 1984). Ca2*
and other divalents also block the channel (Palmer,

1985bh). In apical membrane vesicles the effect of
Ca’" has been shown to be dependent on the pH
of the solutions (Garty, Civan & Civan, 1985). In
reconstitution experiments into planar lipid bilayers
Sariban-Sohraby et al. (1984) reported the appear-
ance of channels with conductances ranging from
5 to 59 pS. These channels are sensitive to amilor-
ide from both sides and poorly discriminate be-
tween Na*™ and K*. This low selectivity is in
agreement with results concerning apical sodjum
channels studied by Hamilton and Eaton (1985)
with the patch-clamp technique. On the other hand,
Frings, Purves and Macknight (1988), using the
same technique, described highly selective Na*
channels. However, their experiments were per-
formed in the presence of bretylium which may
have influenced the properties of the sodium chan-
nels. The conductances reported by the above
authors also vary: Hamilton and Eaton (1985) de-
scribe channels with 7 to 10 pS while Frings et al.
(1988) show values in the range of 5 to 59 pS and
86 to 490 pS when the patches were exposed to
fluoride. Reinhardt, Garty and Lindemann (1985)
reconstituted an amiloride-sensitive Na™ channel
from toad bladder into PE-decane lipid bilayers
having 155 pS. Functional expression of mRNA
into frog oocytes resulted in macroscopic currents
or *Na fluxes inhibitable by amiloride with kinetic
parameters similar to those observed in the intact
tissue (George et al., 1989; Palmer et al., 1990).
No data have been reported at the single-channel
level. Amiloride-binding proteins were isolated
both from A-6 cells (Benos et al., 1986) and porcine
kidney (Frelin et al., 1988).

In this paper we present results concerning the
incorporation of channels from the apical mem-
brane of the toad bladder cells into planar lipid
bilayers. Our results show the presence of cation
channels highly sensitive to amiloride from both
sides, which can be blocked by Ca?* jons.
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Materials and Methods

Toads (Bufo paracnemis) were double pitted and exsanguinated
by transventricular perfusion with 200 to 300 ml of Ringer solution
containing (in mM); 110.0 NaCl, 3.5 KCl, 2.5 NaHCO;, 1 CaCl,
and 5 glucose, pH 7.5. When the bladders became bloodless
they were removed and placed in a beaker with ice-cold aerated
Ringer, cut open and blotted on filter paper. Separation of apical
membrane fragments was done according to procedures de-
scribed by Chase and Al-Awaqati (1983). Determination of ATPase
activity by the method of Heinonen and Lahti (1981) in our prepa-
ration showed an enrichment of approximately six times in the
apical fraction. After isolation the membranes were washed, re-
pelleted and resuspended in a minimum volume of solution con-
taining 500 mM sucrose and 10 mMm Tris (pH 7.40). With this
method each toad bladder yielded 81.2 = 18.5 (n = 6) ug of
protein. The samples were split into small aliquots and kept at
—70°C. Prior to use each 10 ul of solution containing the apical
membranes received 20 ul of 200 mm NaCl and 3 pl of 1% Triton
X-100 (Sigma). This new solution was sonicated in a bath sonica-
tor (Bransonic 220) for 90 sec and used immediately. Ten different
preparations were tested in at least five membranes for each
experimental condition.

Lipid bilayer membranes were formed by the apposition of
two monolayers across a hole (150 to 200 um in diameter) in a
Teflon partition separating two aqueous solutions according to
the method of Montal and Mueller (1972). Monolayers were
spread from a solution of 1% (wt/vol) asolectin (Lecithin type II
from Sigma) in hexane. The bare bilayer resistance was always
higher than 2.5 x 10" Q, and the capacitance was between 0.7
and 0.9 ,u,F/cml. The aqueous solutions (4 m}) contained 97.5 mm
NaCl and 2.5 mMm NaHCO; (pH 8.0), unless otherwise stated.
Membrane electrical conductances were measured under voltage-
clamp conditions as described elsewhere (Siqueira-Branco & Var-
anda, 1991). The ionic currents flowing through the membrane
were sent to an oscilloscope (Gould 0S-4000) and recorded on
paper (Narco MK IV Physiograph). Voltage polarity refers to the
side of the membrane containing vesicles (cis side). The vesicle-
free side is called the trans side and was kept at virtual ground.

Fusion, evidenced by a sudden increase in the conductance
of the membrane, was usually observed within 40 min after adding
the vesicles (5 to 10 ul) to the cis solution, in the presence of a
3: 1 NaCl gradient (0.3 M NaCl on the cis side). When desired the
cis chamber was perfused with 40 ml of vesicle-free solution in
order to interrupt fusion and/or to change the ionic composition
across the membrane. Addition of calcium was not required, and
channel incorporation was irreversible.

Data were analyzed by hand and digitized on an IBM-com-
patible PC/XT microcomputer for further processing. Single-
channel conductances were determined by reading at least 100
events per voltage and averaging the amplitudes; then, an -V plot
was constructed and the conductance calculated. Mean open
times were also calculated by averaging at least 100 readings, per
voltage. All solutions were prepared with twice-distilled water
and filtered through 0.2-um filters (Millipore GSWP 02500).
Amiloride (Merck Sharp and Dohme) was dissolved at a concen-
tration of 1 mM and added to the chambers in small volumes as
required.

Results

As a first approach to the reconstitution we incorpo-
rated as many channels as possible into a lipid bi-

layer and checked for the appearance of a macro-
scopic amiloride-blockable conductance. The
results of these experiments are shown in Fig. 1.
Figure 1A displays current versus time records for
a membrane clamped at =100 mV under control
conditions and in the presence of 10~ ¢ m amiloride
on the cis side. It is clearly seen that for positive
voltages the current rises and declines to a steady-
state level within seconds. On the other hand, for
negative voltages the block is partially reversed and
the steady-state current level is higher than the in-
stantaneous one. Figure 1B is a current versus volt-
age relationship for the experiment depicted in Fig.
[A. Amiloride blocks the conductance in a dose- and
voltage-dependent manner. Under control condi-
tions the membrane conductance at + 100 mV is
around 1200 pS, whereas it falls to about 600 pS in
the presence of 107¢ M amiloride and to 250 pS in
the presence of 1074 M amiloride. Figure 1B also
displays the characteristic rectifying behavior ex-
pected from a voltage-dependent blockade. Addition
of amiloride at a final concentration of 1074 M to
both sides of the bilayer drastically reduces the con-
ductance to values close to the bare bilayer (Fig. 2).
If the cis side is subsequently perfused with drug-
free solution (Fig. 2) the rectification is again appar-
ent but in the opposite direction. These results sug-
gest that either the channels are inserted without any
orientation in the planar bilayer or that amiloride
can block them from both sides. They also show that
the blockade is a reversible process.

From the data in Figs. 1 and 2 we can now
calculate the corrected amiloride-sensitive current
by subtracting from the control /-V relationship in
Fig. 1 the amiloride-insensitive portion in the pres-
ence of 10~ * M amiloride shown in Fig. 2. The same
treatment is applied to the currents obtained in the
presence of 107® M amiloride on the cis side. The
result of these calculations is shown in Fig. 3A. Fig-
ure 3B is the fit of a sequential blocking model to the
amiloride-sensitive fraction of the current as de-
scribed in Woodhull (1973). As can be seen, the
experimental points are adequately described by a
relationship of the type:

In[(In/I8,) — 11=In[Bl/Ky, + zdFE/RT (1)

where I, is the total amiloride-sensitive current,
I8, is the current obtained in the presence of the
blocker, [B] is the blocker concentration, K, is the
apparent inhibition constant at zero voltage, 4 is the
fractional distance of the electric field sensed by the
blocking site, E is the electric potential difference
across the membrane, and z, F, R and T have their
usual meanings. From the slope of the line we can
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Fig. 1. Amiloride-blockable conductances. {4) A record of current versus time for a membrane clamped at +100 mV (indicated on the
side of each trace) under control conditions and with 107® m amiloride on the cis side. 0 indicates the current level with no potential
applied. (B) An I-V plot constructed from records like those in A. Values of current refer to steady state. Curve 4 is control, and curves
b and ¢ are in the presence of 107 and 10™* M amiloride, respectively. Traces in A were superimposed for presentation purposes.

Bathing solutions were: 97.5 mM NacCl, 2.5 mMm NaHCO,, pH 8.0.
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Fig. 2. Reversibility and sidedness of amiloride blockage. Ami-
loride was added at a final concentration of 10~* M to both sides
of a bilayer (curve b); the remaining conductance was taken to
be amiloride-insensitive. The cis side was then perfused with
amiloride-free solution, and a new I-V curve was obtained with
the drug (107* M) on the trans side only (curve a). Electrolyte
solutions were the same as in Fig. 1.

calculate the fractional distance of the electric field
(9) sensed by the blocker at its binding site. In this
case d = 0.15. The intercept at zero voltage gives
Ko, = 0.98 um. Taken together these data are indica-
tive that our preparation displays the essential fea-
tures of the amiloride-blockable conductance pres-
ent in the apical membrane of tight epithelia. In order

to further strengthen this point we also tested the
effect of Ca’* ions on the currents. The reasoning
for this experiment was based on (i) reports showing
that Ca®" blocks both the short-circuit current
(Palmer, 1985h) and the fluxes of ?Na in vesicles
derived from the apical membrane of toad urinary
bladder (Chase & Al-Awqati, 1983) and (ii) the fact
that we never observed any measurable current
through the bilayer if Ca?* was present in the bathing
solutions prior to fusing the vesicles to the planar
bilayer. Figure 4 shows the same type of results as
described in Fig. 1 but using Ca®" on the cis side,
instead of amiloride, as a blocker. The divalent ion
induces a decrease in conductance which is both
voltage and concentration dependent. Perfusion of
the cis chamber with Ca’*-free solution, plus
EGTA, completely reverses the blockade. Also, ad-
dition of Ca’* up to 1 mM to the trans side of the
bilayer did not cause any decrease in the current,
This is suggestive that the channels are preferentially
oriented in the bilayer and that amiloride very proba-
bly interacts with the channel from both faces. At-
tempts to explain the Ca’* blockade by assuming a
simple sequential model were completely ineffec-
tive, as seen in Fig. 5. The relationship between
In[(I,/1%,) — 1] and voltage is complex and could
not be described even by assuming two binding sites
for Ca’*.

To further characterize this amiloride-blockable
conductance, experiments were also done at the sin-
gle-channel level. Thus, the amount of vesicles
added to the cis side was decreased and the chamber
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Fig. 3. Amiloride blockage is voltage dependent. (A) The I-V relationship for a bilayer under control conditions (curve a) but having
subtracted the amiloride-insensitive portion of the current (curve controf of Fig. 1 minus curve b of Fig. 2; this gives the corrected Iy,
for each voltage). The same was done with curve b but in the presence of 107® M amiloride (i.e., curve b of Fig. 1 minus curve b of
Fig. 2; this gives ££,). (B) The fit of a sequential blocking model, as predicted by Eq. (1), to the data obtained with 10~¢ M amiloride

on the cis side. Solutions are the same as in Fig. 1.
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Fig. 4. I-V curves under control conditions (curve g) and with
1076 M (curve b), 5 x 107 M (curve ¢) and 10™° M (curve d)
final concentration of CaCl, on the cis solution. Nominal Ca’~
concentration, Bath solution is 97.5 mm NaCl, 2.5 mMm NaHCO;,,
pH 8.0.

perfused with vesicle-free 0.1 m NaCl solution as
soon as one fusion event was detected. In general
one fusion event leads to the incorporation of more
than one channel into the membrane. Figure 6 shows
typical records of current versus time for such a
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Fig. 5. Ca’* blockade is a complex phenomenon. Data represent
the ratios of currents under control conditions and in the presence
of 50 um CaCl, on the c¢is solution against voitage. Equation (1)
does not fit the points.

situation. Figure 6A shows single-channel currents
in the absence of amiloride. The lifetime of the chan-
nel in the open state is voltage independent with a
mean value around 0.5 sec. It displays an average
conductance of 160 pS in a symmetrical 0.1 m NaCl
solution (Fig. 7, curve a), and its selectivity is mainly
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Fig. 6. Single-channel current versus time records at +50 mV (right) and —50 mV (left). (4) The control situation, (B) in the presence
of 107® M amiloride on the cis side only and (C) with 10~ M amiloride added to the trans side only. The vertical bar indicates 5 pA
for all records. The time bar is 1 sec for the control traces (4) and 0.4 sec for the others (B and C). Arrows indicate the open state of
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Fig.7. Single-channel currents against voltage under control con-
ditions (curve a) and in the presence of 1077 M (curve b) and 2 x
1077 M (curve ¢) amiloride on the cis solution. The decrease in
conductance with voltage, in the presence of amiloride, indicates
9 = 0.45. Electrolyte solutions are the same as in Fig. 1.

cationic (Py,/P¢ = 15), poorly discriminating be-
tween Na™ and K* (Py,/Px = 2.04). These ratios
were calculated by the Goldman-Hodgkin-Katz
equation using values of reversal potentials mea-
sured in the presence of a 3: 1 Na(Cl gradient across
the membrane (0.1 M NaCl on the cis side and 300
mM NaCl on the trans side) or 0.1 M NaCl on the cis
and 0.1 M KCl on the trans side. Amiloride on the
cis side has a double effect on this channel (Fig. 6B).
First, it decreases the single-channel conductance in
a dose-dependent manner, transforming the linear
I-V relationship in the control situation into a rectify-
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Fig. 8. Frequency distribution of open times observed at +20
mV under control conditions {(curve «) and after the addition of
10~" M amiloride on the cis side (curve b). Each point is the mean
of at least 100 readings from the current X time record. The lines
are single-exponential functions fitted to the data.

ing one (Fig. 7, curves b and ¢) and, second, it
also decreases the open lifetime of the channel. For
example, at +20 mV the mean open time is 0.57 sec
in the control situation and 0.09 sec in the presence
of 1077 M amiloride (Fig. 8). This single-channel
voltage-dependent conductance in the presence of
amiloride can again be explained by assuming a se-
quential model of blockade, as was done for the
macroscopic currents (see Figs. 2 and 3). Our calcu-
lations resulted now in a 8 around 0.45. This site
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Fig. 9. Semi-logarithmic plot of the reciprocal of the mean open
time (1/7) versus voltage under control conditions (curve a) and
with 2 x 107 M (curve ) and 10~7 M (curve ¢) amiloride on the
cis side only. 1/r varies e-fold/180 mV, indicating a value of o
around 0.14.

would be responsible for the decrease in conduc-
tance. Addition of amiloride to the rrans side also
affects the kinetics of the channel in a similar but
less pronounced manner (Fig. 6C). Although this
type of channel was the most commonly encoun-
tered in our experiments (70% of the time) we also
observed the presence of another channel with con-
ductance of 120 pS (not shown). Amiloride affects
only the lifetime in the open state of this channel but
not its conductance. Furthermore, the effect of the
drug on this channel is not voltage dependent. From
results like those in Fig. 8 we measured the open
lifetime () of the channel at several voltages and
plotted the results in Fig. 9. As can be seen, in the
contro! situation 1/7 does not vary with voltage but
in the presence of amiloride (1077 M in this case)
1/r varies e-fold every 180 mV. This indicates that
the binding site responsible for decreasing the life-
time of the channel is localized at about 14% of the
electrical field. Increasing the amiloride concentra-
tion displaces the points upwards but does not alter
the slope.

Discussion

The search for the amiloride-sensitive Na* channel
ubiquitously present in the apical membrane of tight
epithelia has led to a number of different. results,
depending on the particular tissue and technique
used. Here we describe the incorporation of apical
membrane fragments from toad urinary bladder into

lipid bilayers and, as a consequence, the appearance
of a conductance highly sensitive to amiloride and
calcium. The results from macroscopic experiments,
where many channels are incorporated into the bi-
layer, closely resemble results obtained in depolar-
ized toad urinary bladder under short-circuit condi-
tions. In this way, due to its cationic nature, the
blocking action of amiloride is voltage dependent in
both systems. This fact has permitted the calculation
of the fractional distance along the electric field
across the channel (8) in which the binding site for
the drug is localized (Woodhull, 1973; Latorre &
Miller, 1983; Palmer, 1984, 1985a). Several papers
report the fact that making the mucosal side more
positive increases the blocking effect similar to re-
sults shown here in Figs. | and 2. They also claim
that the guanidinium group of amiloride should sense
10 to 20% of the electric field (Palmer, 1984,
1985a,b). Our calculated value of 4, around 15%
(Fig. 3B), is well within this range. In our experi-
ments the effect of amiloride is shown to be revers-
ible, as well established in the field, and to act from
both sides of the channel (Figs. 1, 2 and 6). Although
this result may also indicate that the channel is in-
serted without any orientation into the planar bi-
layer, it is worth noting that the calcium effect is
seen when the divalent ion is added only to the
cis side. In fact, Sariban-Sohraby et al. (1984) have
shown this kind of effect at the single-channel level
in reconstitution experiments utilizing cultured A-6
cells. This double-sided effect has also been sug-
gested from measurements of 2Na fluxes in apical
membrane vesicles (Garty, 1984). Another parame-
ter derived from fitting the electrostatic blocking
model to the data is the apparent inhibition constant
at zero voltage, K. Our value of 0.98 uM indicates
a relatively high affinity of amiloride for its binding
site. Values of Ky, in the literature range from 0.104
uM for the isolated short-circuited toad bladder
(Palmer, 1983a) to 0.11 to 0.35 uM from noise analy-
sis experiments (Lindemann, 1984) and to 0.6 and 6.4
uM in experiments with apical membrane vesicles
(Garty, 1984). The last two estimates were taken by
Garty to reveal the presence of two distinct conduc-
tive pathways for sodium.

Functional expression of the channel from A-6
cells in oocytes resulted in amiloride-blockable 2?Na
fluxes which were half-maximally inhibited at 6 X
1078 M (George et al., 1989). An electrophysiological
study of these expressed channels showed a d of
0.41 and a Ky of of 0.1 uM (Palmer et al., 1990). Our
results pointing to a § of 0.15 are more within the
range found in the intact bladder, i.e., 0.15 to 0.3
(Palmer, 1984), whereas our K, value (0.98 um)
is somewhat larger than this but within the range
published in the literature.
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In our first attempts to reconstitute the apical
Na® channel, Ca’* ions were originally included
both in the homogeneizing medium and in the solu-
tions bathing the membrane. Needless to say, no
conductance increment was ever observed in the
planar bilayer due to addition of apical membrane
fragments, even after more than 1 hr. The result in
Fig. 4 indeed shows that Ca’* blocks the conductive
pathways present in the bilayer. The results also
show that blockage is brought about by calcium pres-
ent on only one side of the membrane, normally the
cis side. Addition of Ca" to the trans side resulted
in no effect. These results have two implications: (i)
they assure us that the channels have a preferential
orientation in the bilayer, confirming that amiloride
acts from both sides of them, and (ii) the effect of
Ca’* cannot be explained by assuming screening of
surface charges in the bilayer, since in that case we
would expect a symmetry in the action of Ca?*. The
action of Ca’* ions on the Na* movement has been
well described in experiments where ?Na fluxes
have been measured in apical membrane vesicles
(Chase & Al-Awaqati, 1981; Garty, Asher & Yeger,
1987). There are even suggestions that only one Ca’™*
ion interacts with one channel (Chase & Al-Awqati,
1983), a hypothesis not supported by our results in
Fig. 5. The voltage dependence of Ca’* blockade is
complex and cannot be explained even by assuming
two binding sites as suggested by Palmer (1984,
1985h). In fact this interaction should involve several
charged groups in the channel-forming protein. This
assumption is supported by the effectiveness of pH
in modulating blockage by Ca’* (Siqueira-Branco &
Varanda, 1991), as seen also in experiments with
vesicles (Garty et al., 1987). In cortical-collecting
ducts Palmer and Frindt (1987) have shown evidence
that intracellular Ca?* acts to block Na channels,
but the effect is not direct, contrary to our results.

At the single-channel level the present data do
not support the current expectations for the
amiloride-sensitive channel. The first problem arises
with the measured single-channel conductance: 160
and 120 pS for the two types of channels most com-
monly seen. These values are far above the range
of 4 to 80 pS reported for channels from A-6 cells
reconstituted into lipid bilayers (Sariban-Sohraby et
al., 1984) or the 7 to 10 pS observed with the path-
clamp technique (Hamilton & Eaton, 1985). The lat-
ter approach applied to the toad urinary bladder
disclosed several types of channels grouped by the
authors into four classes with conductance varying
from 5 to 59 pS (Frings et al., 1988). On the other
hand, in accordance with our results Reinhardt et
al. (1985) report a single-channel conductance of 155
pS for channels from toad bladder reconstituted into
painted bilayers. A second point of interest is the

selectivity of the channels. Our measured reversal
potentials indicate that they are not exclusively cat-
ionic and that they poorly discriminate between Na*
and K*, a feature reported also by others (Sariban-
Soraby et al., 1984; Hamilton & Eaton, 1985) but
in clear contrast with results derived mainly from
short-circuit current analysis in intact epithelia
(Palmer, 1982).

Furthermore the channel described here is effec-
tively blocked by amiloride from both sides, having
both its conductance and lifetime decreased by the
diuretic in a voltage-dependent manner. The decre-
ment in lifetime can easily be explained by assuming
a simple sequential model of open channel block, but
the effect on conductance is an unexpected finding.
Sariban-Sohraby et al. (1984) reported similar results
for their 5-pS channel and explained the phenome-
non by assuming that the amplifier could not ade-
quately follow the amiloride-induced flickering in
current. This possibility cannot be discarded in our
case also. The kinetics of the channel is not voltage
dependent (100 mV), with a mean open time
around 0.5 sec. Amiloride (1077 M) decreases this
value to approximately 0.09 sec, and in accordance
with the macroscopic results its effect is voltage
dependent (9 = 0.14). Since the effect of amiloride on
conductance and lifetime is characterized by distinct
voltage dependencies, it is appealing to consider the
presence of at least two binding sites for the drug.
In fact the existence of more than one binding site '
has been already suggested by Benos, Mandel and
Balaban (1979). On the other hand, the assumption
of two distinct binding sites is somewhat contradic-
tory to what was seen at the macroscopic level,
since this fact would have to be reflected in the
macroscopic kinetics also. This issue may have been
obscured at the macroscopic level due to a nonuni-
form population of channels present in the bilayer.
On the other hand, this may indicate that the voltage-
dependent effect of amiloride in a multi-channel ex-
periment may result essentially from a reduction in
open lifetime brought about by the site localized at
14% of the electrical field.

The general characteristics of the channel de-
scribed here could also be related to a Ca®*-sensitive
cation channel observed in depolarized epithelia
through current fluctuation analysis (Van Driessche
et al., 1988; Van Driessche, Erlij & Simaels, 1989).
In both cases the channel is fully expressed when
Ca’* is absent from the bathing solutions and has
poor selectivity for monovalent cations. On the
other hand, a major difference exists between them:
while our channel is effectively blocked by amiloride
and Ca’*, the previous one is not affected by the
diuretic. In addition, Ca’* seems not to permeate
our channel, since bi-ionic experiments, where the
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membrane had 0.1 M NaCl on the trans side and
0.05 M CaCl, on the cis, resulted in a Na*t-selective
membrane. This is contrary to the suggestion of Van
Driessche et al. (1989) that the channel is primarily
involved in passing Ca’* ions.

In summary, we have shown that a macroscopic
conductance can be induced in planar lipid bilayers
by the incorporation of apical membrane vesicles
derived from toad urinary bladder. This conduc-
tance is highly sensitive to amiloride and can be
blocked by Ca?* ions. As evidenced by single-chan-
nel measurements this conductance seems to be me-
diated by poorly selective cationic channels also
subjected to blockage by Ca?* and amiloride, Due
to their relatively high conductance and poor selec-
tivity it is difficult to strictly correlate their function
to what is classically expected from the amiloride-
sensitive Na™ channel from tight epithelia. Certainly
more experiments are needed in order to fully under-
stand the possible physiological role of these
channels.
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and criticizing the manuscript. This work was supported by
FAPESP and FINEP. LGSB was the recipient of a fellowship
from CNPq.
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