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Summary. Enterocytes from the intestinal epithelium of the win-
ter flounder were isolated by collagenase digestion and incubated
in flounder Ringer solution. Conventional whole-cell and ampho-
tericin-perforated whole-cell recording techniques were used to
characterize the properties of a voltage-activated K current pres-
ent in dissociated cells. Resting membrane potentials and series
resistances were significantly lower (from —23 to —39 mV and
29 to 13 MQ, respectively) when amphotericin was used to
achieve the whole-cell configuration. When cells were placed
in flounder Ringer solution, held at —80 mV and subsequently
stepped to a series of depolarizing voltages (from —70 to 0 mV),
an outward current was observed that exhibited inactivation at
voltages above —20 mV. This current was sensitive to holding
potential and was not activated when the cells were held at —40
mV or above. When cells were bathed in symmetric K Ringer
solution and the same voltage protocol was applied to the cell,
inward currents were observed in response to the negative intra-
cellular potentials. Reversal potentials at two different extracellu-
lar K concentrations were consistent with K as the current-
carrying ion. BaCl; (2 mm) and CsCl (0.5 mm) both produced
voltage-dependent blockade of the current when added to the
bathing solution. Charybdotoxin (300 nM extracellular concentra-
tion) completely blocked the current. The IC, for charybdotoxin
was 50 nM. Cyclic GMP inhibited the voltage-activated current
in flounder Ringer and in symmetric K Ringer solution. The cyclic
GMP analog, 8-Br cGMP, lowered the threshold for voltage acti-
vation and potentiated inactivation of the current at voltages
above —40 mV. Previous studies with intact flounder epithelium
showed that K recycling and net K secretion were inhibited by
Ba?* and by cGMP. We suggest that the channel responsible for
the whole-cell current described in this study may be important
in K recycling and secretion.
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Introduction

The intestinal epithelium of the winter flounder
(Pseudopleuronectes americanus) absorbs Na and
Cl by a mechanism that is similar to the thick as-
cending limb (TAL) of Henle’s Ioop in mammalian

kidney [13]. The uptake of Na, K and Ci from the
lumen into the cell is mediated by an electroneutral
Na-K-2Cl cotransport system which is blocked by
diuretic compounds such as bumetanide and furose-
mide [15]. The Na that enters the cell across the
apical membrane is pumped out across the basolat-
eral membrane by the Na-K ATPase. Chloride,
which is present in the cell at a concentration above
electrochemical equilibrium, exits across the baso-
lateral membrane through Cl channels and presum-
ably a KCl cotransport pathway [3, 6]. An important
component of NaCl absorption in this epithelium
is the recycling of K across the apical membrane.
Potassium recycling is important in replenishing lu-
minal K so that the Na-K-2Cl cotransport mecha-
nism is not limited by the availability of K [20].
Electrogenic K recycling also maintains the electri-
cal driving force for Cl efflux through Cl channels in
the basolateral membrane [2]. Data from electro-
physiological experiments indicate that K efflux
across the apical membrane is mediated by an elec-
trogenic transport pathway, most likely K channels
[6]. These channels are inhibited by mucosal applica-
tion of BaCl, (2 mm) [6, 13, 17].

Recent studies of K transport in rabbit TAL
suggest that K recycling is mediated by an inwardly
rectifying, 22-pS K channel that has a high open
probability (0.9) over a wide range of membrane
potentials [20]. The channel is blocked by Ba, unaf-
fected by Caand is sensitive to the cytoplasmic ATP-
ADP concentration ratio. A similar ATP-sensitive K
channel has also been reported in rat TAL [20]. In
Amphiuma kidney, ATP alters the Ca sensitivity of
a large conductance K channel in cells from the
early distal tubule [7]. The mechanism by which ATP
blocks the K channel in TAL has not been elucidated
but it appears that ATP does not obstruct the channel
pore or promote phosphorylation. Regulation of
these K channels by cyclic nucleotides has not been
described.
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In this study, the whole-cell patch-clamp tech-
nique was used to investigate electrogenic K trans-
port in primary dissociated enterocytes from the
winter flounder. Our objective was to identify and
characterize K currents which possess blocker phar-
macology and cGMP regulation consistent with pre-
vious studies of K recycling and secretion in the
intact epithelium. In this paper we describe the prop-
erties of a voltage-activated, Ba-sensitive K current
that is inhibited by 8-Br cGMP. We also discuss the
possible role of this K channel in the process of NaCl
absorption across the epithelium.

Materials and Methods

Winter flounder were purchased from the Woods Hole Oceano-
graphic Institution. Fish were held in a 500 gal seawater aquarium
at 10°C. Food was withheld from the fish for at least three days
prior to experiments.

CELL DISSOCIATION

The intestinal epithelium was stripped of serosal muscle, minced
into 2-mm sections and incubated in Ca-free Ringer solution (150
mM NaCl, 5 mm KCl, 1 mm MgCl,, 3 mm Na,HPO,, 5 mm EPPS
buffer, 10 mM glucose, 2 mm EGTA, pH = 7.8) containing 0.5
mg/ml of collagenase (15 min at room temperature). The mixture
was then filtered through sterile gauze to remove undigested
material and centrifuged at low speed to pellet the cells. The cells
were washed twice with flounder Ringer solution (150 mm NaCl,
5 mMm KCl, 1 mm CaCl,, 1 mMm MgCl,, 3 mM Na,HPO,, 5 mMm
EPPS buffer, 10 mm glucose, pH = 7.8) to remove cell debris
and mucus. The final pellet of cells was resuspended in flounder
Ringer solution.

WHOLE-CELL VOLTAGE-CLAMP EXPERIMENTS

Dissociated cells were placed in an acrylic plastic chamber and
mounted on a custom-built stage which allowed viewing of the
cells with a Nikon Diaphot inverted microscope. Whole-cell cur-
rents were measured with a model 1-B patch clamp from Axon
Instruments. Data was digitized using a TL-1-40 12-bit A/D con-
verter (Axon Instruments) with a maximum digitization rate of 40
kHz. Whole-cell current data was analyzed with an IBM-AT
microcomputer using pCLAMP software. Electrodes (2-7 MQ
resistance) were made from Corning 7052 or KG-12 glass and
filled with intracellular solution containing (in mm): 15 NaCl, 130
K-methane sulfonate, 5 HEPES, 3 EGTA, 1 CaCl,, 1.5 MgCl,,
pH = 7.1. The whole-cell configuration was achieved by either
rupturing the cell membrane with suction (conventional whole-
cell recording) or by including amphotericin (240 pg/ml) in the
electrode solution [16]. The voltage required to set the membrane
current to zero was defined as the resting voltage of the cell.
In most experiments, the pulse duration was 150 msec unless
otherwise indicated. Holding potentials for each experiment are
given in each figure legend. In experiments where symmetric K
solutions were used, NaCl was replaced with KCl or K-methane
sulfonate. The Donnan equilibrium resulting from the presence
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Table. Comparison of the electrical properties of dissociated en-
terocytes from the winter flounder intestine under conventional
whole-cell and amphotericin-permeablized whole-cell conditions

Parameter Conventional Amphotericin

configuration configuration
Diameter (um) 12 +£0.3 12 *=0.2
Resting voltage (mV) -23 *=6.0 -39 *13.0°
Capacitance (pf) 4.8 0.6 5.8+ 0.5
Series resistance (MQ) 293 34 13.2 + 1.32
Number of cells (1) 16 25

2 Significantly different from the conventional configuration at
P < 0.05 using an unpaired ‘" test.

of amphotericin in the patch pipette produced a voltage offset
that was less than 10 mV. A correction for this offset was incorpo-
rated in the data presented. Leak subtraction was not used in any
of the experiments performed in this study. All experiments were
carried out at room temperature (23°C).

Results

PROPERTIES OF WHOLE-CELL CURRENTS
USING CONVENTIONAL AND

THE AMPHOTERICIN-PERFORATED
PAaTcH TECHNIQUE

The Table compares the mean values of diameter,
resting membrane potential, capacitance and series
resistance for cells used in conventional and ampho-
tericin-perforated whole-cell voltage-clamp experi-
ments. Cell diameter and capacitance were not sig-
nificantly different. The mean values for whole-cell
capacitance under both conditions were in good
agreement with the calculated capacitance of a
spherical cell (4.5 pF) with a diameter of 12 um
(assuming that C = 1 wF/cm?). Estimates of resting
membrane potential were significantly more nega-
tive in amphotericin-treated cells compared to con-
ventional whole-cell conditions. In addition, signifi-
cantly lower series resistances were obtained with
the amphotericin technique compared to conven-
tional whole-cell recording. The difference in resting
voltage was presumably due to a higher seal resis-
tance obtained with the use of amphotericin.

MORPHOLOGIC CHARACTERISTICS
OF DIsSOCIATED ENTEROCYTES

Previous ultrastructural studies have revealed that
the epithelium was very homogeneous with respect
to cell type and that the crypt-villous type organiza-
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tion present in mammalian intestine does not exist
in the flounder intestine [4]. The epithelial cells were
elongated (60 um) and narrow (3.5 um) with their
nuclei located in the basal region of the cell. Figure
1 shows two isolated enterocytes from the flounder
intestinal mucosa. Immediately following dissocia-
tion, these cells have an elongated appearance with
a clearly visible brush-border membrane (Fig. 14).
Within minutes, the cells assume a spherical geome-
try (Fig. 1B). Cell diameters ranged from 12-16 um
in freshly dissociated cells. Estimates of cell diame-
ter in cells prepared for scanning electron micros-
copy were approximately 20% lower than live cells,
presumably due to dehydration during sample prepa-
ration.

VOLTAGE-ACTIVATION EXPERIMENTS
IN FLOUNDER RINGER SOLUTION

Figure 2A and B shows the results of an experiment
where the holding potential of the cell was set at
—80mV and the effects of depolarizing voltage steps
on whole-cell current were determined using con-
ventional whole-cell (Fig. 24) and amphotericin-
perforated (Fig. 2B) whole-cell recording tech-
niques. Both techniques showed that an outward
current was activated as the membrane was depolar-
ized. Analysis of the tail currents (Fig. 2C) indicated
that the threshold for activation was approximately
—50 mV. In the experiment shown in Fig. 1A (con-
ventional whole-cell configuration) complete activa-
tion occurred at + 10 mV and no inactivation was
observed. However, in the amphotericin configura-
tion, maximum activation occurred at —30 mV and
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Fig. 1. (A) Scanning electron micrograph of
a dissociated enterocyte prior to assuming a
spherical shape. The apical membrane at the
top of the cell can be clearly identified by
the presence of microvilli. (B) Scanning
electron micrograph of an epithelial cell
several minutes after dissociation. The
diameter of the cell was estimated to be

9 um

a consistent inactivation was observed at higher de-
polarizing voltages. All subsequent experiments
were performed under conditions where amphoteri-
cin was used to achieve the whole-cell configuration.

EFFECTS OF HOLDING POTENTIAL
ON WHOLE-CELL CURRENTS

Figure 3 shows the effects of holding potential on
voltage-activated whole-cell current. When the cell
was held at —40 mV and stepped through a series
of depolarizing voltage steps, very little time-depen-
dent outward current was observed. Outward cur-
rent appeared when the cell was held at —50 mV and
increased in magnitude at each depolarizing voltage
step when the holding potential was lowered to — 60
and —80 mV. A reversal of tail current polarity
between —60 and —80 mV was also observed in
these experiments (data not shown), suggesting that
the reversal potential for the current in flounder
Ringer solution lies within this voltage range.

CURRENT-VOLTAGE RELATIONSHIPS
IN FLOUNDER RINGER
AND SYMMETRIC K RINGER SOLUTIONS

The effect of changing the bathing solution from
flounder Ringer to symmetric K Ringer solution
(KCD on whole-cell current is presented in Fig. 4A.
In this experiment the cell was held at —80 mV and
stepped through a series of depolarizing voltages
ranging from —60 to +60 mV. In symmetric K solu-
tion, inward current was observed in response to
negative voltage steps. Figure 4B shows a tail cur-
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Fig. 2. (A) Conventional whole-cell recording of outward current
from an enterocyte held at —80 mV and stepped through a series
of depolarizing voltages ranging from —60 to +40 mV (pulse
interval = 150 msec). (B) Whole-cell recording of outward current
from an enterocyte where amphotericin was used to achieve the
whole-cell configuration. The holding potential, voltage step pro-
tocol and pulse duration were identical to that in A. (C) Analysis
of tail currents from data in A and B at each voltage step. The
ratio of peak tail current at each voltage step to the maximum
peak current recorded in the experiment is plotted as a function
of voltage

rent experiment where the cell was held at —80 mV,
depolarized to +20 mV to activate the channels and
then stepped through a series of voltages ranging
from —70to +30 mV (5-mV steps). The instanta-
neous current-voltage relationship determined from
these voltage steps was plotted in Fig. 4C. It is clear
from this experiment that the instantaneous current
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Fig. 3. Effects of holding potential on the magnitude of voltage-
activated outward current from an amphotericin-treated cell
bathed in flounder Ringer solution. In this experiment the cell
was held at various potentials (—40, —50, —60 and —80 mV)
and then stepped through a series of voltages ranging from —~70
to 0 mV. The steady-state current is plotted as a function of
voltage at each holding potential

is inwardly rectifying with a reversal potential of
0 mV.

Similar tail current experiments were performed
on cells bathed in flounder Ringer solution over a
range of voltages from — 120 to +40mV. The instan-
taneous current-voltage relationship is also pre-
sented in Fig. 4C. The estimated reversal potential
was —79 mV. The reversal potential was very close
to the equilibrium portential for K at 23°C (- 83 mV),
suggesting that the current was carried by K ions
moving out of the cell and that the conductive path-
way was highly selective for K relative to Na.

EFFEcTS oF K-CHANNEL BLOCKERS

The effect of Ba’>" on whole-cell current in symmet-
ric K Ringer solution is shown in Fig. SA. The open
symbols show the control condition while the filled
symbols show the remaining current following BaCl,
(2 mm) addition to the bath. Ba?* at this concentra-
tion produces a complete block of inward current at
—45 mV. At greater depolarizing voltages, inward
current can be observed in the presence of Ba’*

Figure 5B shows similar effects of Cs™ on inward
current in symmetric K Ringer solution. Again, open
symbols show the whole-cell current under control
conditions and filled symbols show the remaining
current following addition of 0.5 mm CsCI to the
bathing solution. These results indicate that the ef-
fect of Ba?* and Cs* on inward current is voltage
dependent. Figure 6A shows the effect of charybdo-
toxin on whole-cell current in symmetric K Ringer
solution. Charybdotoxin is a peptide toxin isolated
from scorpion venom (Leirus quinquestriatus) that
blocks K channels in a variety of cell types [1, 12].
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Fig. 4. (A) Whole-cell current from an amphotericin-perforated
cell bathed in symmetric KCl Ringer solution. The cell was held
at —80 mV and stepped through a series of voltages from — 60 to
+60 mV (10-mV steps) with a pulse duration of 1.2 sec. (B) Tail
current experiment in symmetric KCl Ringer solution. The cell
was held at —80 mV, depolarized to +20 mV for 50 msec to
activate the channels and then stepped through a series of hyper-
polarizing and depolarizing voltages to produce the tail currents.
(C) Instantaneous current-voltage relationships obtained from the
peak tail current response at each voltage step. Open symbols
show inward rectification of current when cells were bathed in
symmetric KCI Ringer solution. Filled symbols show the nearly
linear instantaneous current-voltage relationship when the cell
is bathed in flounder Ringer solution at a holding potential of
—80 mV. Note that the reversal potential in flounder Ringer is
—79 mV and that £y, = —83 mV

As shown in Fig. 64, charybdotoxin produces com-
plete inhibition of the voltage-activated inward cur-
rent at 300 nm (filled symbols). In Fig. 6B, the
concentration-response relationship indicated that
the 1Cy, for charybdotoxin was 50 nm.
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Fig. 5. (A) Voltage-dependent effects of 2 mM BaCl, (in the bath-
ing solution) on the steady-state current of a cell bathed in sym-
metric KCI Ringer solution. The cell was held at —80 mV, and
the current was activated by depolarization from —70 to 0 mV
(5-mV steps). (B) Voltage-dependent effects of 0.5 mmM CsCl on
the steady-state current of a cell in symmetric KCI Ringer solu-
tion. This cell was held at —80 mV, and the current was activated
by depolarization from —60 to 0 mV (10-mV steps)

EFFEcCTS OF 8-Br cGMP
ON WHOLE-CELL CURRENT

Figure 7A and B demonstrates the effect of 8-Br
c¢GMP on whole-cell current in flounder Ringer solu-
tion. Figure 74 shows the control condition and Fig.
7B shows the resulting current 5 min after addition
of 300 uM 8-Br cGMP to the bathing solution. 8-Br
¢GMP produced a dramatic inhibition of outward
current at voltages above —30 mV when cells were
bathed in flounder Ringer solution. Maximum inhibi-
tion of the current always occurred within 5 min
following application of 8-Br ¢cGMP to the bathing
solution. This effect was observed in all cells (six
enterocytes from three animals) that were tested. In
Figure 8A and B, the effects of 8-Br ¢cGMP on cells
bathed in symmetric K Ringer solution are pre-
sented. Figure 8 A shows the control condition where
Na and Cl were replaced with K and methane sulfo-
nate. An inward current with properties similar to
results with symmetric KCI Ringer solution (shown
in Fig. 4A) was observed. 8-Br cGMP produced a
decrease in inward current and nearly abolished the
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Fig. 6. (A) Effects of 0.3 uM charybdotoxin on the steady-state
current of a cell bathed in symmetric KCl Ringer solution. The
cell was held at —80 mV and step depolarized from —70to 0 mV.
Charybdotoxin was added to the bathing solution and produced
complete inhibition of the current at all voltages. (B) Concentra-
tion-response curve showing the % of the control current (at
—45 mV) remaining after treatment with various concentrations
of charybdotoxin. The ICs, was estimated to be 50 nM using linear-
regression analysis of the data points between 10 and 300 nm

large tail currents observed under control condi-
tions. The steady-state current-voltage relationships
for the results shown in Fig. 74 and B are presented
in Fig. 9A. In the control experiment, the activation-
voltage threshold was approximately —55 mV. At
—35mV, nearly complete activation of outward cur-
rent was observed. In the presence of 8-Br cGMP,
the activation threshold was —60 mV and the out-
ward current showed a biphasic response to depolar-
izing voltage steps with a maximum current at —45
mV. These results indicated that 8-Br cGMP lowers
the threshold for activation of the whole-cell current
by approximately 5 mV and potentiates the voltage-
dependent inactivation of the current at all voltages
greater than —45 mV. To determine whether the
results reported above were specific for cGMP, we
examined the effects of 8-Br cAMP on whole-cell
current in flounder Ringer solution. The effects of
8-Br cAMP (600 um) on whole-cell current are
shown in Fig. 9B. In contrast to the effects of 8-Br
c¢GMP, cAMP produced no effect on outward cur-
rent after 10 min at a twofold higher concentration
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Fig. 7. (A) Whole-cell current from an enterocyte bathed in
flounder Ringer solution and held at — 80 mV (control condition).
Outward current was activated by depolarizing the cell from —70
to 0 mV (5-mV steps, pulse duration = 50 msec). (B) Effects of
300 um 8-Br ¢cGMP (5-min exposure) on the whole-cell current
following the voltage step protocol described in A

than that used for 8-Br cGMP. In Fig. 104 and B, a
tail current experiment is presented that examines
the effects of 8-Br cGMP in symmetric K (K-meth-
ane sulfonate) Ringer solution on the open-channel
current-voltage relationship. In this experiment cells
were held at —80 mV and step depolarized to 0 mV
in order to activate all of the channels. After the
current stabilized, the cell was stepped through a
series of voltages ranging from —120 to +60 mV.
In the absence of 8-Br cGMP the tail current results
were similar to those in symmetric K (KCI) Ringer
solution reported in Fig. 4B. The instantaneous
current-voltage relationship indicated strong inward
rectification (Fig. 10C). When 8-Br cGMP was added
to the bathing solution a large decrease in inward
current was observed. The current-voltage plot
shown in Fig. 10C shows that 8-Br ¢cGMP produced
a proportional decrease in current at each voltage
step. The simplest explanation for this effect is that
8-Br ¢GMP inactivated a large fraction of single
channels, resulting in a decrease in the magnitude of
whole-cell current at each voltage step compared to
the control condition.
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Fig. 8. (A) Whole-cell current from a cell bathed in symmetric
K-methane sulfonate Ringer solution. Voltage-dependent activa-
tion of inward current was achieved with the protocol described
in Fig. 7A. (B) Effects of 300 uM 8-Br cGMP (5-min exposure) on
the inward current shown in A

Discussion

In this study we used a variation of the whole-cell
recording technique to investigate the properties and
regulation of K channels in dissociated flounder en-
terocytes [16]. When amphotericin was used to
achieve the whole-cell configuration, significantly
lower series resistances were obtained and signifi-
cantly more negative resting voltages were observed
than with the conventional whole-cell recording
technique. In addition, the inactivation observed
with increasing depolarization was very reproduc-
ible when amphotericin was used, whereas in some
cases (see Fig. 2), inactivation was not observed
under conventional whole-cell conditions. This dif-
ference may result from the loss or dilution of an
intracellular factor involved in the inactivation pro-
cess when the membrane patch was ruptured.

The results of experiments presented in Fig. 2
clearly demonstrated that a voltage-activated cur-
rent was present in dissociated flounder enterocytes.
Activation of this current occurred at a threshold
which was close to the mean resting membrane po-
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Fig. 9. (A) Comparison of the steady-state current-voltage rela-
tionship before and after treatment with 300 uM 8-Br cGMP. The
cell was held at —80 mV and depolarized from —70 to 0 mV.
Cyclic GMPreduced the voltage-activation threshold and potenti-
ated the voltage-dependent inactivation of the current at voltages
above —45 mV. (B) Comparison of the steady-state current-
voltage relationship before and after treatment with 600 M 8-Br
cAMP. The holding potential and voltage step protocol were
identical to the conditions reported in A. No effect of 8-Br cAMP
on whole-cell current was observed

tential of these cells (—39 mV). This current was
sensitive to holding potential and could not be acti-
vated if the cell was held at —40 mV or above. When
cells were placed in symmetric K Ringer solution
and held at —80 mV, activation of the current by
step depolarizations above —50 mV produced in-
ward currents consistent with movement of K into
the cell in response to the negative intracellular po-
tential. Analysis of the instantaneous tail currents
obtained at various hyperpolarizing and depolarizing
voltages indicated that the instantaneous current
was inwardly rectifying in symmetric K Ringer solu-
tion with a reversal potential consistent with K as
the current-carrying ion. Analysis of the tail currents
from cells bathed in flounder Ringer solution indi-
cated that the reversal potential lies very close to Ex
and suggested that the channel was more selective
for K than Na. ’
Experiments with known blockers of K chan-
nels (Ba’*, Cs* and charybdotoxin) also supported
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Fig. 10. Tail current experiment in symmetric K-methane sulfo-
nate Ringer solution showing the effects of 8-Br ¢cGMP on in-
ward current. (A) Control condition where the cell was held at
—80 mV, depolarized to 0 mV for 15 msec and then stepped
through a series of voltages from — 130 to +60mV. (B) Remaining
tail currents after treatment with 300 um 8-Br cGMP. (C) Instanta-
neous (peak) current-voltage relationship in the presence and
absence of 8-Br cGMP

the hypothesis that a K channel was responsible for
the voltage-activated current observed in this study.
Both Ba?* and Cs™ have been previously shown to
block voltage-activated channels in a variety of cell
types [5, 8, 11, 18]. Charybdotoxin is a basic peptide
that inhibits large conductance Ca?*-activated K
channels presumably by physical occlusion of the
channel opening. All three blockers have been pre-
viously shown to inhibit an intermediate conduc-
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tance (18-60 pS) Ca’*-activated K channel in mol-
luscan neurons and erythrocytes [1, 18].

The results presented in Figs. 7-10 clearly dem-
onstrated that cGMP is an effective inhibitor of the
whole-cell current. These effects were selective for
c¢GMP since 8-Br cAMP did not produce a similar
response. Previous studies of ion transport in intact
epithelial preparations of flounder intestine in vitro
indicated that K recycling was blocked by addition
of 8-Br cGMP to the bathing solution [6, 17]. This
effect could be reversed if cGMP-dependent protein
phosphorylation was blocked by subsequent addi-
tion of the isoquinoline sulfonamide derivative H-8
[14]. If the K channel described in this study was
involved in K recycling and secretion, it would be
reasonable to suggest that cGMP-dependent protein
phosphorylation is involved in its regulation. It is
worth noting that cGMP has been shown to inhibit
anonselective, amiloride-sensitive cation channel in
intermedullary collecting duct cells [10]. Inhibition
of this channel could be produced by cGMP directly
and by activation of a purified cGMP-dependent pro-
tein kinase added to excised membrane patches. The
phosphorylation-dependent effects of cGMP were
reversed by treatment with H-8 [9].

In a recent study by Sullivan et al. [19], poly
A containing mRNA isolated from winter flounder
enterocytes was injected into Xenopus oocytes.
These oocytes expressed an inwardly rectifying K
channel with greater selectivity for K over Na or
Cl. This channel was tonically active and displayed
voltage-independent kinetics. Barium, quinine and
tetraethylammonium blocked the channel, whereas
apamin, charybdotoxin and 4-aminopyridine had no
effect. The K channel was rapidly and completely
inhibited by 48-phorbol 12-myristate 13-acetate,
suggesting a role for protein kinase C in the regula-
tion of this channel. Thus, it would appear that the
channel expressed in Xenopus oocytes is distinct
from the K channel described in this study. How-
ever, it is important to consider the possibility that
differences in voltage sensitivity and blocker phar-
macology may be due to incomplete expression and
assembly of subunit proteins that make up this chan-
nel or cytoplasmic factors that may alter the proper-
ties of the channel.

In summary, the results of this study demon-
strated the presence of a voltage-activated K current
in dissociated flounder enterocytes. This current
was blocked by known inhibitors of K channels
(Ba?*, Cs* and charybdotoxin) and inhibited by
8-Br cGMP. Since the whole-cell recording tech-
nique and dissociated enterocytes were used in this
study, it could not be determined whether this K
channel was located in the apical or basolateral
membrane of the cell. It is worth noting that previous
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electrophysiological studies of flounder enterocytes
in the intact epithelium have demonstrated that the
K conductance of the basolateral membrane is very
low relative to the apical membrane. Moreover, Ba
produced significant depolarizations of the apical
membrane consistent with inhibition of K channels.
Similarly, Ba and 8-Br cGMP also inhibit net K se-
cretion across the intact epithelium. Although the
exact function of the K channel described in this
study remains uncertain, the results of previous
studies and those presented in this paper provide
evidence for a possible role in K recycling and secre-
tion across the epithelium.
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