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Abstract

The HGT-1 human gastric cell line is similar to
acid secreting parietal cells in that it possesses
H, receptors, histamine sensitive adenyl
cyclase, and CI™ channels, which are activated
by histamine by a cyclic adenosine mono-
phosphate (cAMP) dependent mechanism. To
discover if HGT-1 cells have additional prop-
erties found in parietal cells, [*H]omeprazole
and patch clamp recording techniques were
used to evaluate specific omeprazole binding
sites and K* channels in the plasma mem-
brane. HGT-1 cells exhibited [*H]omeprazole
binding in the non-stimulated state, which
increased 100% in the presence of 1 mM
histamine. High conductance (about 155 pS)
K* channels were active spontaneously in 17%
of cell attached or excised inside out patches in
non-stimulated subconfluent HGT-1 cells. In
inside out patches, channel activity increased
fivefold during depolarisation, ion substitution
experiments confirmed that the channels were
highly selective for K*, and channel activity
was almost abolished by removal of Ca’>* or
addition of 5 mM Ba’*. In quiescent cell
attached patches, 0-1 mM dibutyryl cAMP

failed to activate K* channels. In contrast, 6-7 -

uM A23187 (a Ca’* ionophore) increased
intracellular Ca?>* concentration from mean
(SEM) 14 (3) nM to 248 (30) nM and activated
K* channels in 21% of patches. It is concluded
that the plasma membrane of HGT-1 cells
possesses (a) specific >H-omeprazole binding
sites, which may reflect the omeprazole sensi-
tive H' ,K*-ATPase present in gastric parietal
cells; and (b) Ca’*-activated K* channels,
which may be located in the basolateral mem-
brane of human gastric parietal cells and play a
part in acid secretion triggered by Ca’*-
mediated secretory agonists.

(Gur 1993; 34: 1331-1338)

Hydrochloric acid secretion by gastric parietal
cells entails complex ion transport events at the
apical (secretory) membrane. Movement of Cl™
across the apical membrane of stimulated
parietal cells seems to be mediated by Cl™
channels.’? In addition, apically located H* ,K*,
ATPase exchanges one H* ion for one K* ion,
and is therefore dependent on the presence of
luminal K*.>* Although the precise mechanism
by which K* moves from cell cytosol to the
lumen of the gastric gland is unclear, a number of
mechanisms that link apical K* and Cl™ trans-
port have been proposed namely — solely electro-
neutral KCl cotransport,® electroneutral KClI
cotransport in parallel with a large C1~ conduct-

ance,” K* movement by a population of K*-
specific channels in parallel with apical Cl™
channels,'® and simultaneous K* and C1™ move-
ment mediated by an apical cotransporter with
partial conductive properties.” Gastric parietal
cells also possess a basolateral K* conductive
pathway’" in parallel with Na* ,K*-ATPase
pump units, which mediate basolateral K*
uptake. This pump - leak system allows K* ions
to recycle across the basolateral membrane,
promotes hyperpolarisation of the parietal cell,
and thereby contributes to the maintenance of
the electrochemical gradient that favours Cl™
exit at the apical membrane during acid secre-
tion.

A human gastric cell line (HGT-1) is now
available, the properties of which have been
partially characterised. Similar to gastric parietal
cells, the plasma membrane of HGT-1 cells bears
H, receptors and intracellular cyclic adenosine
monophosphate (cAMP) concentrations rise in
response to histamine."” The cells also possess
outward rectifying, voltage sensitive, low con-
ductance Cl~ channels, which are activated by
histamine by a cAMP dependent process,'? and
may represent the apical C1~ channel activated in
parietal cells during acid secretion. The aim of
this study was to establish whether HGT-1 cells
have additional features in common with gastric
parietal cells. The results show that the plasma
membrane of HGT-1 cells contains (a) specific
binding sites for omeprazole that probably
reflect omeprazole sensitive H',K*-ATPase
units; and (b) high conductance K* channels
that may represent the K* channels present in
the basolateral membrane of gastric parietal
cells.

Methods

[’H]OMEPRAZOLE BINDING SITES

Monolayers of the HGT-1 human gastric cell line
(and the HT29-19A human colonic cell line)
were grown to confluency in 12-well plastic
culture plates, and maintained in Dulbecco’s
modification of Eagle’s minimum essential
medium, supplemented with 2mM L-glutamine,
100 IU/ml penicillin, 100 pg/ml streptomycin,
and 10% (vol/vol) fetal calf serum (heat treated at
55°C for 30 minutes). Monolayers were grown in
a humidified atmosphere of 95% air/5% CO, at
37°C. Culture medium was removed, and the cell
layers washed with a buffered NaCl solution
containing (mM): Na™*, 140; K*, 4-5; Cl~, 149;
Ca®*, 1-2; Mg®*, 1-2; glucose 10; and 4-(2-
hydroxyethyl,-1-piperazine  ethanesulphonic
acid (HEPES) 10, titrated to pH 7-4 with NaOH,
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and incubated with [*H]omeprazole (1:25 nmol/
well; equivalent to about 3x 10° counts per min)
in the presence or absence of 1 mM histamine for
30 minutes at 37°C. Histamine was used at a
concentration of 1 mM because previous studies
have shown this concentration is required to
achieve maximal stimulation of adenylate cyclase
in the HGT-1 cell line," which is largely (77%)
inhibited by 10~* M cimetidine, an H, receptor
antagonist." Non-specific binding was assessed
by incubating identical wells with [*H]omepra-
zole in the presence of 10 uM unlabelled
omeprazole. Incubation was stopped by rapid
washing (4x2 ml over 10 s) with ice cold buffer.
The cell layers were dissolved in 1% Triton
X-100, sonicated, and samples taken for scintil-
lation counting and protein determination.
Specific binding was calculated as the difference
in cell associated counts between incubations
with [*H]omeprazole alone, and [*H]omeprazole
plus unlabelled omeprazole. Results are expres-
sed as pmol omeprazole bound/mg cell protein.

PATCH CLAMP STUDIES

Monolayers of HGT-1 cells were maintained as
described above, and cells were subcultured
under identical conditions at 7 day intervals.
Cells from passages 45-65 were grown on
uncoated plastic coverslips and used 4-15 days
after subculture. Subconfluent monolayers
remained attached to coverslips, which were
placed in a small chamber (vol 2 ml) and
visualised on the stage of a Nikon (Diaphot)
inverted microscope with Hoffmann modulated
optics (X400 magnification). The microscope
was mounted on a vibration isolation table.
Single channel recordings were obtained from
membrane patches in cell attached and excised
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inside out configurations as described pre-
viously.” In all experiments the bath solution
(temperature 20-22°C) initially contained (mM):
K*, 145; Cl-, 149: Ca’*, 1-2; Mg**, 1-2;
glucose 10; and HEPES 10, titrated to pH 7-4
with KOH (high K™ solution), and the pipette
contained the NaCl solution (see above). In some
experiments with inside out patches, single
channel recordings were obtained after replacing
the high K* solution with a low K* solution
containing (mM): K*, 22-5; Na™*, 122-5; CI-,
149; Ca’*, 1-2; Mg®*, 1-2; glucose 10; and
HEPES 10, titrated to pH 7-4 with NaOH. The
Goldman-Hodgkin-Katz (GHK) current and
voltage equations’'’ were used to calculate the
K*:Na* permeability ratios (Pk:Pyn,) and the
reversal potentials (E,..,) respectively. Pipette
resistances varied between 2-15 MQ and mem-
brane seal resistances between 5-40 GQ. The
bath electrode was a silver chloride coated silver
wire.

Single channel currents were recorded with a
patch clamp amplifier (List Electronics, Darm-
stadt, Germany, model EPC-7), and stored on
video tape after pulse code modulation (Sony,
Japan, model PCM 701ES). Stored currents
were low pass filtered (—3 dB, 4-pole Butter-
worth) at 1 kHz and loaded into computer
memory (IBM PC 286-XT, sampling frequency
4 kHz) through a Labmaster TL1 interface and
TM40 A/D converter (Axon Instruments, Foster
City, Ca, USA). Voltages applied to the mem-
brane patches (V.,m) were referenced to the
interior of the patch pipette. With high K*
solution in the bath, cell membrane voltage was
assumed to be zero, and V.., was therefore
equivalent to the potential across the membrane
patch in both the cell attached and inside out
configurations. Current-voltage (I-V o) rela-
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Figure 1: K* channel in a cell attached paich of an HGT-I cell (high K™ bath solution, NaCl pipette solution). (A ) shows
recordings at different holding potentials (Vo) referenced to pipette interior. Dashed lines show zero current values. Upward
current deflections show outward K* flow from cell to pipette. In this paich, channel openings were infrequent at V. om values
between —20 mV and —60 mV. (B) shows current/voltage (I/V .., relation of the recordings in (A). Data fit and reversal
potential (E ) obtained using the Goldman-Hodgkin-Katz (GHK) current and voltage equations.
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Figure 2: K* channel in an excised inside out patch of an HGT-1 cell. (A) and (B) show recordings at different holding potentials chm ) referenced to pipette
interior (filled with NaCl solution). Recordings were obtained first with high (145 mM) K™ solution (A), then with low (225 mM) K™ solution (B) in the bath.
Dashed lines show zero current values. Upward current deflections show outward K* flow from bath to pipette. (C) shows current/voltage (1/V .o, relations of
the recordings in (A) (145 mM bath K, closed circles) and (B) (22-5S mM bath K*, closed squares). Data fits and reversal potentials (E ,,) obtained using the

GHK current and voltage equations.

tions were constructed by plotting the single
channel current (equal to the difference between
the open and closed channel currents) at each
value of V ,m. Single channel slope conductance
was calculated at two values of V on: (a) at —40
mV, the cell membrane voltage measured in
rabbit gastric glands with conventional micro-
electrodes and in rabbit parietal cells during
whole cell current clamp studies,”" and (b) at
infinite voltage (corresponding to the linear
portion of the I-V.,, curve) where channel
conductance was maximal.

Single channel open probability was deter-
mined using an analysis programme written in
Quick Basic 40 (Microsoft, USA). A transition
between the fully closed and fully open current
levels occurred when the current crossed a
threshold set halfway between these two states.
Single channel open probability (P,) was calcu-
lated as:

P,=(Znt,)/N

where N is the maximum number of channels
seen to be open simultaneously during the
recording (lasting 20-30 s), n represents the state
of the channels (0=closed, 1=one channel open,
etc), and t, is the time spent in state n. Channel
kinetics were determined using pClamp software
(Axon Instruments) and recordings from mem-
brane patches in which only one channel was
seen to be active. As channel activity usually
occurred in bursts (Figs 1A and 2A), mean open
and mean closed times, and open and closed
time distribution histograms were obtained by
restricting the analyses to individual bursts
during 20-30 s of continuous recording. In most
cases the first bin was ignored when fitting the
distribution histograms (see Fig 4).

The sensitivity of K* channels to Ca?* ijons
was determined in excised inside out patches by
recording (V.,m=0 mV) first in the presence of
the Ca?* containing high K* bath solution, and
then in the presence of a Ca®* free high K*
solution containing the Ca** chelator ethylene-
glycol-bis(B-aminoethyl ether) N,N’ tetra-acetic
acid (EGTA, 5 mM).

The effect of Ba’>* ions, which block K*

channels in a variety of epithelial cell types,**
was assessed in excised inside out patches (Vom=
0 mV) by replacing the high K* bath solution
with a similar solution containing 5 mM BaCl,.

Additional experiments were performed to
determine the effects of increasing the intra-
cellular concentrations of cAAMP and Ca?* on K*
channel activity. With NaCl solution in the bath
and high K solution in the pipette, recordings
were obtained from cell attached patches (V om=
0 mV) before and after the addition of 0-1 mM
dibutyryl cAMP (a permanent analogue of
cAMP) or 6:7 uM A23187 (a Ca®* ionophore).
After the addition of agonist, 30 s segments of
data were recorded at 1 minute intervals for 10—
15 minutes.

MEASUREMENT OF INTRACELLULAR FREE CALCIUM
CONCENTRATION

Intracellular free calcium concentration ([Ca®*];)
was measured in HGT-1 cells loaded with the
Ca®* sensitive dye Fura-2.% Cells grown on glass
coverslips were loaded by incubating with
culture medium (DMEM supplemented with
15 mM HEPES, 2 mM glutamine, 50 pg/ml
penicillin, 50 ug/ml streptomycin, and 10% fetal
calf serum) containing 10 uM Fura-2/AM for 90
minutes in a humidified atmosphere of 5% CO,/
95% air at 37°C. Coverslips were washed with
buffered NaCl solution, mounted in a Sylgard
lined chamber on the stage of a Nikon Diaphot
microscope, and bathed in NaCl solution at room
temperature (20-22°C). Groups of about 5 cells
were illuminated alternately with light of 350 nm
and 380 nm wavelengths by means of a motor
driven filter change wheel. The emitted fluoresc-
ence (510 (10 nm)) with each excitation wave-
length was monitored by photon counting
(Newcastle Photometric Systems, Newcastle,
UK). Fluorescence was corrected for back-
ground before calculation of the 350 nm/380 nm
emission ratio (R). [Ca®*]; was calculated with
reference to a standard calibration curve relating
Ca’* concentration to R, which was constructed
in vitro using Ca®*-EGTA buffers (Molecular
Probes, Eugene, USA) yielding known Ca’*
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concentrations (0-39-8 pM) and containing
5 uM Fura-2 (free dye). R values were measured
in 40 pl droplets of each solution on a glass
coverslip.

HGT-1 cells were exposed sequentially to
zero, 3, 6°7, and 10, uM 4-bromo-A23187 (a
non-fluorescent analogue of A23187) in NaCl
solution containing 0:01% bovine serum
albumin, which was included to prevent non-
specific binding of ionophore to the chamber.
Bathing solutions were changed by careful
aspiration, brief washing with the next solution,
followed by addition of the same solution and
refocusing on the designated area of cells before
commencement of [Ca®*]; measurement.

STATISTICAL ANALYSIS

Results are expressed as mean (standard error of
the mean). Statistical analyses were performed
using Student’s ¢ test for paired or unpaired data
as appropriate, and p values of <0-05 were
considered significant.

Results

[*H]OMEPRAZOLE BINDING

A characteristic feature of the gastric parietal cell
apical membrane is that it possesses omeprazole
sensitive H*,K*-ATPase.” When stimulated to
secrete acid (for example, by histamine), addi-
tional H*,K*-ATPase units become operational
as tubulovesicles rich in H*,K*-ATPase move
from the cytoplasmic compartment to fuse with
the apical membrane.? In HGT-1 cells, specific
binding of [*H]omeprazole was significantly
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Figure 3: Relation between single channel open probability (P,) and holding potential (Vom,
referenced to pipette interior) of K channels in excised inside out patches of HGT-1 cells (high
K* bath solution, NaCl pipette solution, both containing 1-2mM Ca** ). Data points are mean
(SEM) values of P, obtained from different patches (numbers shown in parentheses). The curve
was drawn by hand.
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greater in the presence than in the absence of
1 mM histamine (417 (0-45) pmol/mg cell
protein v 2-08 (0-48) pmol/mg cell protein,
p<0-05; n=3, measured in triplicate in both
cases). In contrast, there was no evidence of
specific binding of [*’H]omeprazole to HT29-19A
human colon cells in either the presence or the
absence of histamine (n=2, measured in tripli-
cate in both cases). These data show that the
HGT-1 cell line, like gastric parietal cells,
possesses specific omeprazole binding sites that
may reflect H*,K*-ATPase moeities in the
plasma membrane.

SINGLE CHANNEL CONDUCTANCE AND SELECTIVITY
With high K* solution in the bath and NaCl
solution in the pipette, single channel events
were seen in subconfluent clumps of cells studied
4 to 8 days after culture, but never during days 9
to 15 after culture when cells seemed to be fully
confluent. Under basal conditions, spontaneous
channel activity was seen at V ,,=0 mV in 6 of
35 (17%) cell attached patches and in 14 of 85
(16%) excised inside out patches. One channel
was seen in three of the six cell attached patches
and in six of 14 inside out patches, while two or
three channels were active simultaneously in the
other patches.

Initial recordings were obtained in the cell
attached configuration, and Fig 1A shows the
activity of a single K* channel over a range of
pipette potentials in one experiment. Under
these conditions (high K* bath solution, NaCl
pipette solution), progressive depolarisation of
the membrane patch (increasingly positive V)
increased the amplitude of the outward K*
currents, and Fig 1B shows the I-V, curve for
this channel. Data from six cell attached patches
were fitted by the GHK equations. Mean single
channel conductances at V ,,=—40 mV (g_40)
and V_,n,=infinity (g..) were 56 (6) pS and 155
(23) pS respectively, the mean value of E,., was
—84-2 (0-2) mV, and inward currents were not
seen when V., was varied between —80 mV and
—120 mV. These data show that the channel was
highly selective for K* over Na* (mean Pg:Pn,
ratio 232 (19):1).

K™* channel activity was also studied over a
range of pipette potentials in a series of excised
inside out patches, and Fig 2A shows results
from a patch that contained a single channel
(high K* bath solution, NaCl pipette solution).
Similar to the cell attached configuration, K*
currents flowed outwards from the bath into the
pipette, and increased during depolarisation of
the membrane patch. The mean values of g_ 4,
€5 Erevs and Pg:Py, ratio from 14 inside out
patches were 62 (6) pS, 153 (11) pS, —84-8 (0-1)
mV and 260 (11):1 respectively, and were not
significantly different from those obtained in the
cell attached configuration. Figure 2B shows
smaller outward K* currents across one of four
inside out patches when the K* concentration of
the bath solution was decreased from 145 mM to
225 mM (with equimolar Na* replacement),

-and Fig 2C shows the effect of this change in bath

K* concentration on the I-V ., curves for the
channel. Compared with 145 mM K* in the bath
solution, the mean values of g.., E,.,, andPg:Py,
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Figure 4: Open time and closed time histograms of K* channels in cell attached (A) and excised

inside out (B) patches of HGT-I cells at V o, =0 mV (high K* bath solution, NaCl pipette

solution in both configurations). Numbers of events for different open times and closed times are

shown. Open time and closed time data were best fitted by single and double exponentials

;ggpectively. Time constants (mean (SEM)) for the open and closed states are shown in the
igure.

with 22-5 mM K™ in the bath solution were all
significantly (p<<0-05) lower at 41 (4) pS, —36-7
(0-6) mV, and 153 (18):1 respectively (n=4).
These data confirm that the plasma membrane of
HGT-1 cells contains high conductance channels
which are highly selective for K* over Na*.

VOLTAGE SENSITIVITY AND SINGLE CHANNEL
KINETICS

Figure 3 shows the relation between single
channel open probability (P,) and pipette poten-
tial (Veom) in excised inside out patches (high K*

1.2 mM Ca2* JM”;MWL.,M'MM,MLJL__

]
,,._..’J., _'L_ = —— e ——

0 mM Ca?*
+5mM EGTA
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Figure5: Ca** sensitivity of K+ channels in excised inside out patch from an HGT-1 cell (high
K™ bath solution, NaCl pipette solution, V o0 =0 mV). Upper recording obtained when
1:2mM Ca** present in the bath solution. Middle recording obtained with 0 mM Ca** and

5 mM EGTA in the bath solution, when channel activity virtually disappeared. Lower
recording shows return of channel activity after restoring 1-2 mM Ca** 10 the bath solution.
Dashed lines show zero current values. Upward curren: deflections show outward K* flow from
bath to pipette.
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bath solution, NaCl pipette solution). Open
probability increased almost fivefold during
depolarisation of the membrane from —80 mV to
—20 mV, showing that the channels were voltage
dependent across the voltage range normally
encountered within epithelial cells. Further
depolarisation of the membrane to non-
physiological voltages (0 mV to +40 mV) caused
a decrease in open probability that was particu-
larly noticeable (56%) in four patches (data not
shown). The cause of this decrease in open
probability is unclear, but it is possible that over
this range of depolarising voltages, Ca** at high
concentration (1-2 mM in the bath) blocked the
channel at a site that normally binds Ba®* (see
below), as seen with rabbit skeletal muscle K*
channels incorporated into planar lipid
bilayers.”

Preliminary examination of channel record-
ings obtained from cell attached patches (for
example, Fig 1A) showed rapid current transi-
tions, channels opening and closing for compara-
tively short periods. In contrast, with inside out
patches (for example, Fig 2A) channels generally
spent longer in the open state at equivalent
values of V., while closed times were similar to
those seen in cell attached patches (see below).
The kinetics of bursts of channel activity were
assessed by obtaining open and closed time
histograms for membrane patches containing a
single channel. Figure 4A shows typical histo-
grams from one of four cell attached patches,
which showed (at V.,,=0 mV) one open time
constant (mean value 6:7 (1-0) ms) and two
closed time constants (mean values 0-7 (0-2) ms
and 4-2 (1-1) ms), with mean open and closed
times of 6-8 (0-7) ms and 3-0 (0-5) ms respect-
ively. Figure 4B shows histograms from one of
five inside out patches, which again showed (at
Veom=0 mV) one open time constant (mean
value 31-1 (10-0) ms) and two closed time
constants (mean values 0-4 (0-1) ms and 1-8 (0-3)
ms), with mean open and closed times of 30-4
(8-1) ms and 1-5 (0-2) ms respectively. The long
closed intervals (>35 ms) seen between bursts
would probably provide a third closed time
constant, but there were insufficient for histo-
gram analysis. It should be noted that the mean
open time was significantly longer and the mean
closed time was significantly shorter in the inside
out patches than in the cell attached patches
(30-4 (8-1) ms v 6-8 (0-7) ms, p<0-05 and 1-5
(0-2) ms v 3-0 (0-5) ms, p<0-05 respectively).
These differences may reflect the higher concen-
tration of Ca* presented to the cytosolic surface
of the membrane in the inside out configuration
(see below).

CALCIUM SENSITIVITY

To determine the Ca®* sensitivity of K* chan-
nels in inside out patches, recordings were
attempted after the Ca’* containing (1-2 mM)
high K* bath solution was replaced with either a
Ca’* free high K* solution containing 5 mM
EGTA (Ca®* concentration 10 nM) or an EGTA
buffered high K* solution containing 1 uM
Ca?*. In nearly all cases, these manoeuvres
caused patches to be lost almost immediately.
Consequently, Ca** sensitivity of the K* chan-
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F igure 6: Ba** sensitivity of K+ channels in excised inside out patch from an HGT-1 cell (high
K™ bath solution, NaCl pipette solution V o0, =0 mV). Upper recording obtained in the absence
of Ba** and three channels were active in the patch. Middle recording obtained with S mM
Ba?* in the bath solution, when channel activity was almost abolished. Lower recording shows
return of channel activity after washing out Ba**. Dashed lines show zero current values.

Upward current deflections show outward K* flow from bath to pipette.

nel was examined in only two inside out patches
atVeom=0mV. Fi;ure 5 shows that in one patch,
replacing the Ca’* containing high K* bath
solution with the Ca®* free high K* solution
decreased P, from 0-200 to 0-005 and returning
to 1:2 mM Ca?* increased P, to 0-359. In the
other patch, Ca®>* removal decreased P, from
0-396 to 0-017. Thus, although it was not
possible to obtain a detailed analysis of the
relation between P, and V., at different Ca**
concentrations, the available data show that
under these experimental conditions, K* chan-
nels were sensitive to changes in the concentra-
tion of Ca?* bathing the cytosolic surface of the
membrane.

BARIUM SENSITIVITY

The effect Ba?* ions (final bath concentration
5 mM) on K* channel activity was examined in
inside out patches (V.om=0mV). Figure 6 shows

—-A23187

e | _

6:7 pM
+ A23187

|5pA

1 sec

Figure 7: Effect of A23187 on K™ channel activity in cell attached patch of an HGT-I cell
(NaCl bath solution, high K* pipette solution, V o0 =0 mV). Upper recording obtained in
basal (quiescent) state. Lower recording obtained four minutes after the addition of 6:7 pM
A23187, when several channels were activated in the patch. Dashed lines show zero current
values. Downward current deflections show inward K* flow from pipette to cell.
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recordings from one patch in which Ba?*
inhibited K* channel activity, while channel
activity returned almost to the initial level after
washing out Ba?*. In three patches, Ba®*
decreased P, from 0-392 (0-081) to 0-030 (0-024)
(p<0-05).

EFFECTS OF DIBUTYRYL CAMP AND A23187

With NaCl solution in the bath and high K*
solution in the pipette (Veorm=0 mV), the addi-
tion of 0-1 mM dibutyryl cAMP failed to elicit
K™ channel activity in 17 cell attached patches
while recording for periods of up to 15 minutes,
suggesting that K* channels in HGT-1 cells are
not regulated by intracellular cAMP.

In contrast, the addition of 6:7 puM A23187
stimulated K* channel activity (generally within
four minutes, see Fig 7) in five of 24 (21%)
quiescent cell attached patches, P, increasing to
0-218 (0-097) at V.o;,=0 mV. As shown in Fig 7,
channel kinetics under conditions that produced
inward current flow (NaCl solution in the bath
and high K* solution in the pipette) differed
from those seen during outward current flow (see
Fig 1), and it is possible that channels were not
activated sufficiently to produce sustained bursts
of openings when NaCl solution was present in
the bath. Although the reason for this is unclear,
it may at least partly reflect the voltage sensitivity
of the K* channels (see Fig 3). Thus, irrespec-
tive of other intracellular regulatory factors, K*
channel activity will be lower with NaCl solution
in the bath (that is, at the resting potential of the
cell membrane) than with high K* solution in
the bath (that is, when cell membrane potential is
zero). It seems extremely unlikely that the
inward currents reflected CI~ movement from
the cell to the pipette by Ca?*-activated Cl~
channels, as the mean single channel current at
Veom=0 mV (5-5 (1-3) pA, n=5) was consider-
ably greater than that (approximately 1 pA at
Veom=0 mV) flowing through cAMP activated
Cl™ channels in cell attached patches of HGT-1
cells with NaCl solution in both the bath and the
pipette.'? Taken together, these findings suggest
that the inward currents in A23187-stimulated
cells reflected K* flow from pipette to cell
through high conductance K* channels.

INTRACELLULAR CALCIUM CONCENTRATION IN
HGT-1 CELLS

As mentioned above, it was not possible to
perform a detailed study of the Ca** sensitivity
of K* channels in excised inside out patches.
Because 6-7 uM A23187 activated K* channels
in cell attached patches when cells were bathed in
NaCl solution, we measured the changes in
[Ca2™]; that occurred under identical conditions
in response to increasing concentrations
of A23187. As shown in Fig 8, basal values of
[Ca®*]; were low before the addition of 4-bromo-
A23187 (14 (3 nM)). The ionophore, however,
stimulated dose dependent increases in [Ca®*];,
steady state values being achieved within four to
five minutes. Intracellular Ca?* concentration
increased to 248 (30) nM (range: 166-301 nM)
after the addition of 6:7 uM 4-bromo-A23187,
which suggests that 6:7 pM A23187 stimulated
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Figure 8: Effect of 4-bromo-A23187 on intracellular Ca**
concentration ([Ca** J,) in HGT-1 cells. Results are shown as
mean (SEM) (n=4 for 0, 3, 6:7, and 10 uM 4-bromo-
A23187).

K" channel activity in cell attached patches (see
Fig 7) by increasing [Ca®*]; to similar values.

Discussion

EVIDENCE FOR H* ,K*-ATPASE IN HGT-1 CELLS

HGT-1 cells share a number of characteristics
with acid secreting gastric parietal cells (for
example, H, receptors, histamine activated
adenylate cyclase, cAMP mediated CI™
channels), but previous studies have not
evaluated their H*,K*-ATPase content. With
[*H]omeprazole as a probe for H* ,K*-ATPase,
we found that HGT-1 cells exhibited a signific-
ant degree of specific [*’H]Jomeprazole binding,
which increased 100% in the presence of hista-
mine. Although histamine stimulates the
incorporation of H*,K*-ATPase rich cyto-
plasmic tubulovesicles into the apical membrane
in parietal cells,**' it is unclear whether a similar
phenomenon occurred in HGT-1 cells as they
have been shown to be devoid of secretory
organelles."” It is worth noting at this point,
however, that although the HGT-1 cell line
shows morphological heterogeneity, seven clonal
cell lines each with homogeneous morphology
have been identified.”® Two of these clones
exhibited activities of histamine induced cAMP
production that were 2-3 times greater than
those in the other clones or in the parent HGT-1
line despite the absence of interclonal variability
in the affinity of the clones for histamine." Thus
it seems that the HGT-1 cell line contains
subpopulations of epithelial cells, two of which
may have a comparatively high density of H,
receptors or a particularly efficient interaction
between the H, receptor and adenylate cyclase.
These two clones (clones 3 and 6, see ref 13) may
bear the closest resemblance to gastric parietal
cells and contain secretory organelles within
their cytoplasm, which become incorporated
into the cell membrane in the presence of
histamine. Furthermore, histamine has been
shown to trigger cAMP dependent phosphoryla-
tion of a 27 kDa phosphoprotein, which is
restricted to the same low speed fraction of
parietal cells that contains increased H* ,K*-
ATPase activity after histamine stimulation.*
The ability of histamine to increase [*H]omepra-
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zole binding in HGT-1 cells may therefore reflect
the presence of H* ,K*-ATPase units within
the plasma membrane whose affinity for
[*H]omeprazole is increased by cAMP depen-
dent phosphorylation of the enzyme protein.

HGT-1 CELLS EXPRESS K* CHANNELS

There is strong evidence that K* channels exist
in both the apical and basolateral membranes
of gastric parietal cells. In frog stomach and
isolated rabbit gastric glands, external K* is an
absolute requirement for acid secretion.’** At
the external (luminal) surface of the apical mem-
brane, K™ ions participate in a H*,K*-ATPase
mediated exchange with H* ions, although
whether the initial apical K™ exit step is electro-
neutral or channel mediated remains controver-
sial.'*® If it is assumed that basolateral Na*-K*
pump activity increases during acid secretion,
K* entering the cell must recycle across the
basolateral membrane to maintain intracellular
K* concentration, and a basolateral conductance
has been shown in Necturus and frog oxyntic
cells.® % 3 This study shows that HGT-1 cells
express K* channels, and we now consider their
comparatively low prevalence, likely site of
origin, and characteristics.

We saw K* channel activity in 17% of cell
attached and inside out patches from HGT-1
cells in the absence of acid secretory agonists.
This fairly low level of detection suggests that
either K* channels were present at low density in
the plasma membrane, or that K* channels were
limited to a small subpopulation of cells within
the HGT-1 cell line. It should be noted that K*
channels were seen after four to eight days of
culture when cells were subconfluent, but never
beyond eight days when the cells were fully
confluent. This suggests that either the K*
channel bearing cells were overgrown by other
cell types when true confluency was achieved, or
confluency was associated with full polarisation
of the cells and movement of K* channels to the
basolateral membrane, which was inaccessible to
the patch pipette. The fact that the prevalence of
K* channels in cell attached patches was similar
when A23187 stimulated cells were bathed in
NaCl solution (21%) and non-stimulated cells
were bathed in high K* solution (17%), suggests
that the high external K* concentration depolar-
ised the cells and caused a passive increase in
[Ca®*].

Our results show that the K* channel expres-
sed by HGT-1 cells is Ca** dependent, voltage
and Ba’* sensitive, and possesses complex
gating characteristics with one open state and at
least two closed states. Single channel conduct-
ance was high (about 155 pS) at infinite voltage
but considerably lower (about 60 pS) at —40 mV,
the cell membrane voltage measured in rabbit
parietal cells.' " Basolateral K* conductance is
the main determinant of basolateral membrane
voltage in Necturus oxyntic cells,” and the baso-
lateral membrane of frog oxyntic cells possesses a
substantial Ba?*-sensitive K* conductance,
which increases in the presence of histamine.®"
Single channel studies have shown two types of
basolateral K* channel (one activated by cAMP,
the other by Ca®*) in Necturus oxyntic cells.®
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Frog oxyntic cells also possess two types of
mward rectifying basolateral K* channel (a) a
Ca’* activated, 61 pS channel that is voltage
independent, Ca®" sensitive and Ba®* sensitive,
and (b) a CAMP-activated, 30 pS channel that is
Ca’" insensitve. In contrast, it is not clear if the
basolateral membrane voltage in mammalian
(rabbit) parietal cells reflects CI—, K*, or both
types of channel.” Although the properties of
basolateral K* channels in oxyntic cells seem to
be species dependent, K* channels in HGT-1
cells share some characteristics (for example,
similar conductance within the phys1ologlcal
voltage range, activation by Ca?*, and sensitivity
to Ca’* and Ba?") with the 61 pS K* channel
identified in amphibian oxyntic cells. **

Acid secretion by gastric parietal cells is
regulated by several receptor mediated neuro-
humoral agonists including histamine, which
increases the intracellular concentrations of both
cAMP and Ca’?*.** Indeed, concomitant
increases in intracellular cAMP (induced by
adding dibutyryl cAMP) and Ca?* (induced by
adding carbachol) have a potentiating effect on
acid accumulation in isolated canine parietal
cells.” It is now clear that HGT-1 cells resemble
parietal cells in possessing H, receptors and
specific omeprazole binding sites (presumably
H*,K*-ATPase units). The additional presence
of cAMP dependent Cl~ channels and Ca®*
dependent K* channels in this gastric cell line
may provide an opportunity to study possible
interactions between these two types of channel
in response to a variety of acid secretory agonists.
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