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Abstract. These experiments were conducted to detereukaryotic cells. It also plays an important functional
mine the membrane Kcurrents and channels in human role in regulating cell growth (Nilius & Wohlrab, 1992),
urinary bladder (HTB-9) carcinoma cells in vitro."K cytokine secretion (Chandy et al., 1984), the cell cycle
currents and channel activity were assessed by th@Amigorena et al., 1990), and cell volume (Grinstein &
whole-cell voltage clamp and by either inside-out or out-Foskett, 1990), along with a well-established role in
side-out patch clamp recordings. Cell depolarization resmany excitable cells of repolarizing the membrane dur-
sulted in activation of a Ca-dependent outward Kcur-  ing action potentials.
rent, 0.57 + 0.13 nS/pF at —70 mV holding potential and The membrane potassium conductance comprises
3.10 = 0.15 nS/pF at 30 mV holding potential. Corre-currents carried by various Kchannels. These are
sponding patch clamp measurements demonstrated grouped into three families that differ by the number
Cé&*-activated, voltage-dependent Khannel (K.,) of  (either six, two or one) of membrane-spanning segments
214 + 3.0 pS. Scorpion venom peptides, charybdotoxirin the intrinsic proteins that constitute the channel sub-
(ChTx) and iberiotoxin (IbTx), inhibited both the acti- units (Kukuljan, Labarca & Latorre, 1995). "Kchannels
vated current and the K activity. In addition, on-cell whose subunits contain six membrane-spanning seg-
patch recordings demonstrated an inwardly rectifyifg K ments are voltage-regulated and are activated by mem:-
channel, 2 £ 1 pS atpositive transmembrane potential brane depolarization. In contrast, two membrane-
(V) and 145 £ 13 pS at negativg,. Glibenclamide (50 spanning segments comprise subunits of channels tha
uM), Ba#* (1 mv) and quinine (10Qum) each inhibited  rectify inwardly, and, hence, are open at the magnitude
the corresponding nonactivated, basal whole-cell currenf the resting transmembrane voltage.
Moreover, glibenclamide inhibited Kchannels in in- We do not know the extent to which these respective
side/out patches in a dose-dependent manner, and th&€" channel families are involved in cell growth regula-
IC5, = 46 pM. The identity of this K channel with an  tion. Voltage-gated Kchannels in T lymphocytes func-
ATP-sensitive K channel (K.tp) was confirmed by its tion partly in the elaboration and secretion of interleukin
inhibition with ATP (2 mv) and by its activation with 2 (IL-2), which acts as an autocrine growth factor and,
diazoxide (100um). We conclude that plasma mem- thus, links K channels to cell activation and prolifera-
branes of HTB-9 cells contain thedand a lower con- tion (Chandy et al., 1984; Freedman, Price & Deutsch,
ductance R channel with properties consistent with a 1992). Activation of B lymphocytes, on the other hand,
sulfonylurea receptor-linked X. involves C&*-activated K channels (Partiseti et al.,
1992), and aas transformation of 3T3 fibroblasts leads
Key words: Patch Clamp — Calcium — ATP — Gli- to upregulation of C&-activated K current (Huang &
benclamide — Charybdotoxin — Iberiotoxin Rane, 1993, 1994). A recent pharmacologic study of
breast tumor cells excludes all voltage- and’Ga
, activated K channels in regulating cell growth and, in-
Introduction stead, invokes the role of ATP-sensitive” Khannels
) . (Woodfork et al., 1995). It is unclear whether these dif-
Potassium conductance of the plasma membrane is @ ances reflect the phenotypic diversity among cell

major determinant of the resting membrane potential iy peq and species. Nonetheless, it is evident that various
membrane K conductances affect cell growth (Wonder-

I lin & Strobl, 1996; Dubois & Rouzaire-Dubois, 1993)

Correspondence taR. Wondergem and that the cellular mechanisms that link specific mem-
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Table 1. lonic compositions of the bath (external) and pipette (internal) solutions

Solution Na Gluconate K Gluconate CaCl, MgCl, Glucose HEPES EGTA pH
(mm) (mm) (nwm) (mwm) (mm) (nwm) ()
External (bath) 135 5.4 1.8 2 10 5 7.41
Internal (pipette) 140 1 2 10 11 7.2
Internal (bath) 145 Variable (0.01-100 2 10 1 7.2
M)

brane K channels to the regulation of cell growth remain Borosilicate glass capillaries (1.2 mm OD, 0.68 mm ID, type
to be elucidated. EN-1, Garner Glass, Claremont, CA) were cleaned in a sonicator and

As an initial step in this direction, we aimed to de- dried in a convection oven at 90°C. Patch pipettes (848 were
termine the membrane *Keurrents and channels in a fabricated from the cleaned glass with a Brown-Flaming horizontal

. . micropipette puller (P-87, Sutter Instruments, San Rafael, CA). These
human bladder carcinoma cell line (HTB-9). These ar ere coated to within 0.5 mm of the tip with a polystyrene base coil

relatively large cells that reaplily lend the_msewes to studygope (Polyweld 912, Amphenal), and tips were heat-polished prior to
by the patch clamp technique (Hamill et al., 1981).yse. A micromanipulator (MO-202, Narishige, Tokyo) was used to
Moreover, they secrete various autocrine cytokinesposition pipettes. Ag/AgCl half-cells constituted the electrodes, and an
(Otsuka et al., 1991; Kaashoek et al., 1991). We showagar bridge (4% in external solution) connected the reference electrode
here that these cells contain at least two membrahe Kto the bath solution. o _ o
currents and corresponding*K:hannels one of which The whole-cell configuration plus outside-out and inside-out

seems to plav a principal role in mechanisms il,WolV(_:‘dmembrane patches were obtained by standard patch clamp technique
play a p P (Hamill et al., 1981). Internal gluconate solutions were adjusted to

with control of cell prollferat|on (Wondergem et al, contain various free [(d] (Chang, Hsieh & Dawson, 1988) or other
1998). Preliminary reports of these findings have ap-agents. Channel open probabilities were computed from channel cur-
peared elsewhere (Monen & Wondergem, 1996; Cregarent data obtained from 30-45 sec readouts taken at stated pipette
et al., 1997)_ potentials and bath G&or inhibitor concentrations.
Membrane currents were measured with a patch clamp amplifier
(Axopatch 1-D, Axon Instruments, Foster City, CA) with the lowpass,
. Bessell filtering (-3 dB) set at 2kHz. Signals from the patch clamp
Materials and Methods amplifier fed into both a DAS 501 unitary gain PCM recorder (Dagan,
Minneapolis, MN) and a DMA-1 digital interface connected to a 486-
SX computer equipped with PCLAMP6 software (Axon Instruments).
CeLL CULTURE Recordings on both the PCM recorder and computer were sampled at
22 kHz.

Human urinary bladder carcinoma cells of the HTB-9 cell line (Mo-

chizuki et al., 1987) were obtained from ATCC (American Type Cul-

ture Collection, Rockville, MD) and were cultured in RPMI-1640 me- COMPUTATIONS AND STATISTICAL METHODS

dium. The medium was supplemented with 5% fetal clone (HyClone,

Logan, Utah) and 50 units/ml penicillin plus 0.05 mg/ml streptomycin

(Sigma Chemical). Cells were cultured in 60 mm tissue culture platedDifferences among means were determined by ANOVA and Student-
in a water-jacketed incubator at 37°C, 5% £®@5% air and 100% Newman-Keuls test a < 0.05. Channel open probabilitp() was
relative humidity. Confluent HTB-9 cells were passaged twice percomputed as:

week. This included washing cells twice with phosphate-buffered salt

solution (PBS), incubating them for 10-20 min with porcine trypsin N

(1.2-2.5 mg/ml PBS), followed by aspiration, centrifugation (50 g), P = (EP )/N

dilution with medium, and replating the cells. All organic chemicals ~° = n

were purchased from Sigma Chemical unless stated otherwise.

whereP,, is the probability thah channels are open and was calculated
as the amount of time in the open state divided by the total record time
for each unitary current level. The summation of the valueB avere

then divided by the total number of channeld) (n the patch. The
Cells were grown for 1-2 daysno4 x 4 mmsections of plastic cov- number of channels in a patch was determined from modal frequency
erslips that were transferred to an acrylic chamber (Warner, New Hadistributions of channel current. In instances where the number of
ven, CT) on the stage of an inverted microscope (Olympus IMT-2)channels in a patch could not be determined accurately, total open
equipped with Hoffman modulation contrast optics. Cells were super-probability (NP,) was computed from pClamp event-list files by the
fused at room temperature with a standard external salt solution. Thanalysis program of Sui, Chan & Logothetis (1996).

composition of this along with two internal solutions used throughout Membrane conductances and potassium channel conductances
are given in Table 1. were calculated by using a least squares linear fit of the current-voltage

WHOLE-CELL/PATCH CLAMP TECHNIQUE
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. . . Fig. 1. Whole-cell voltage clamp recordings taken
0 100 200 300 400 500 of a single human bladder tumor (HTB-9) cell.
Time (ms) Voltage clamp was in consecutive 20-mV
increments from —100 to 100 mVA] Voltage
pulses of 110 msec duratiorB)(VVoltage pulses
of 450 msec durationQ) Voltage pulses of 450
msec duration with this protocol applied within 5
sec of the clamp protocol shown B (D)
Voltage pulses of 450 msec duration with the
protocol applied 5 min after the clamp protocol
shown inC. Pipette: internal solution with 0.01
wm C&*; bath: external solution.

Current (nA)
Current (nA)

0 100 200 300 400 500
Time (ms) Time (ms)

curves for whole-cell and single channel patches. Unless stated other- HTB-9 cells showed modest activation of outward
wise, whole-cell conductances were computed from point data taken afvhole-cell current at positive intracellular potentials of
the mid-duration of the voltage pulses. Whole-cell conductance was] 10-msec duration, Fig.AlL Figure B shows the re-
normalized .b_y dividing by the measured whole-cell capacitance toSponse of the same cell to a voltage clamp of longer (450
obtain specific conductance. msec) duration. The 100-mV voltage pulse activated a
large outward current midway through the clamp inter-
val, which yielded a tenfold increase in outward current.
Figure IC shows the response of the same cell to an
immediate (within 5 sec after the clamp shown in Fig.
1B) repetition of the voltage clamp protocol. Now the
increase in membrane current was evident at all voltages.
Figure ID shows the current response of the same cell to
Glass micropipettes, fabricated with a tip diameter ofthe voltage clam 5 m following the clamp shown in Fig.
approximately Jum, had resistances that ranged from 31C. By this time, the current had declined to the preac-
to 8 M) when submerged in the bath. Seal resistancetivation level; however, reactivation occurred midway
ranging from 2—-63 @ (mean= 7.5+0.9d),n = 79), through the 450-msec voltage pulse at 80 mV, and it also
formed readily in flattened cells in spite of humerouswas evident throughout the clamp at 100 mV.

filopodia as seen by scanning electron microscopy (P.H. To ascertain more clearly the voltage-dependence
Schmidt and S.K. Curtigynpublished observatign The  (irrespective of time) for activation of outward current in
zero-current cell membrane voltagé,, obtained imme- HTB-9 cells, short duration[60 msec) voltage pulses
diately after accessing the intracellular compartmentfrom —100 to 80 mV were repeated in the same cell at
was -53 4.9 mVif = 15). The whole-cell capacitance various holding potentials ranging from -70 to 20 mV,
was 20 £ 1.1 pFr{ = 60); the series access resistanceFig. 2. Current activation and increased slope conduc-
was 15.8 + 1.4vQ) (n = 60); and the whole-cell resis- tance during the voltage clamp protocol was evident at
tance was 404 + 58() (n = 60). As the contents of the holding potentials of —10 and 20 mV, FigB2and C.
pipette dialyzed the cell, the zero-current membrane voltThis activation reversed almost completely when the
age increased to —75 mV, in approximation of the com-holding potential returned to =70 mV, FigD2

puted K potential €,) of -85 mV. Consequently, the These measurements were repeated at various hold
holding potential for most subsequent whole-cell mea-ng potentials to determine the membrane voltage at
surements was set at =70 mV. Slope conductances afhich the activation of outward current occurred.
I-V plots obtained from steady current in the middle of Changing the holding potential in 20-mV increments
the voltage pulses either were linear throughout or werdrom —70 to 30 mV resulted in the specific conductances
linear in the range of negative transmembrane potentigblotted by thedashed lineFig. 3. Activation of outward
(not show. The mean specific conductance (at =70 mV current often occurred between —20 and -10 mV. None-
hold. pot.) of cells dialyzed with internal medium con- theless, the large variation in measurements obtained a
taining 0.01um C&* was 0.56 = 0.09 nS/pf(= 11).  holding potentials of —10 and 10 mV resulted because

RESULTS

WHoLE CELL ELECTRICAL PROPERTIES OFHTB-9 CELLS
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-1 A(yﬂ/ -50 , 50 100 Membrane Potential (mV)
4 1 Fig. 4. Instantaneous current-voltage relationship following voltage-
Membrane Potential (mV) activation of a HTB-9 cell. Whole-cell voltage clamp recordings taken

of a HTB-9 cell. Each voltage clamp protocol began with an activation
Fig. 2. Effect of altered holding potentials on whole-cell voltage clamp Vvoltage step to 60 mV, followed by consecutive repolarizing voltage
recordings taken from a human bladder tumor (HTB-9) cell. Voltage Steps in 20-mV increments beginning at ~120 mV and ending at 20
clamps were in consecutive 20-mV increments from —100 to 80 mV,mV. Pipette was filled with internal solution containingu Ce™. (A)
and they were repeated at various holding potentials (HR)HP = Bath solution= 5.4 mm K*. (B) Bath solution= 30 mu K*. (C)
-70 mV. B) HP = =10 mV. (C) HP = 20 mV. @) HP = =70 mV. Current-voltage plotsl{V) taken immediately after the application of
Bottom.Current-voltage plots taken from the voltage clamp protocols the hyperpolarizing voltage pulses AnandB.
shown in A-D. Pipette: internal solution with 0.0m Ce&*; bath:
external solution.

An instantaneous current-voltage relationship fol-

3.5 lowing voltage activation was used to ascertain whether
g T the voltage-activated outward current was attributable to
@ 58t A K*. Here the cell was first voltage clamped to 60 mV
o /’ followed by consecutive repolarizing voltage steps in
§ 21t ] 20-mV increments beginning at —120 mV and ending at
E / 20 mV. This was done first with the external potassium
%’ 14 b [,’l concentration, [K], = 5.4 mm, Fig. 4A, then repeated
% { ! after switching to [K], = 30 mwm, Fig. 4B. The whole-
g 07} o cell currents, which were taken immediately after switch-
i ) i_’i/i ing from the 60-mV pulse, were plotted in FigC4 The
@ g Le—==8—" A reversal potentials were in fair agreement with the values
<70 -50 -30 -10 10 30 of -84 and —-40 mV predicted for [, of 5.4 and 30
Holding Potential (mV) mm, respectively. The membrane slope conductance in-

_ - creased at [K], = 30 mv compared with that at [K,
Fig. 3. HTB-9 whole-cell voltage clamp specific conductance plotted _ 5.4 mu. and there was modest inward rectification at
vs. cell holding potential, HP. Specific conductances were obtained ' !

from voltage clamp protocols (—100 to 80 mV) similar to those shown [K+]0 N ,30 n’M for voltages morg negative than -40
in Fig. 1. O, Dashed line:Cell dialyzed with 0.0lum C&*. @, Solid ~~ MV. 1=Vlinearity returned along with a =70 mV reversal
line: Cell dialyzed with nominally C3-free internal solution. Bath:  potential with restoration of 5.4 m[K™], (not showi.
external solution. The effect of charybdotoxin (ChTx) and iberiotoxin
(IbTx) on the voltage-activated outward current con-
firmed the presence of Ghactivated K currents in
current activation did not occur in every cell at theseHTB-9 cells, Fig. 5. In each case, HTB-9 cells were
voltages. However, the holding potential of 30 mV al- voltage-clamped from =100 to 80 mV in 20-mV incre-
ways activated outward current. This activation of out-ments. Under control conditions this was done first at a
ward current did not occur when the protocol was re-holding potential of =70 mV (inactive) and then at a
peated using patch pipettes filled withCdree internal  holding potential of 20 mV (active). This was repeated
solution, solid linein Fig. 3. in cells treated with either 200 ChTx or 50 m IbTx.
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Fig. 5. Effect of scorpion venom peptides on whole-cell currents from HTB-9 ckllé.plots were obtained from whole-cell voltage clamp of
HTB-9 cells at inactive HP (=70 mV) and at activated HP (+20 mV), before (control) and after addition of charybdotoxin (ChTx;) E0@in
iberiotoxin (IbTx; 50 m). Pipette: internal solution; bath: external solution. Numbers in parentheses indicate the holding potential.

The results show that both IbTx and ChTx inhibit volt- Table 2. Effects of K" channel blockers on whole cell specific con-
. . . ductance of HTB-9 cells
age-activated outward current in HTB-9 cells, Fig. 5.

The i_nwa_rd rectifica_\tion of whole cell current re- g+ channel blocker Specific Specific
corded with high [K], Fig. 4, prompted us to consider conductance conductance
K* conductances in addition to the voltage-activated (nS/pF) (nS/pF)
Céa*-dependent K current. Addition of either BaGI(1 Control After inhibitor

mm) or quinine (100um) reduced vyhole-cell slope con- Glibenclamide (5qum) 0.65£0.14 (4) 0.27 £ 0.03 (4)"
ductance_s, Table 2. I?:é_\ ar_ld_ quinine, however, are BaCl, (1 m) 0.70+0.13 (3) 0.30+0.04 (3)*
broad acting K channel_|nh|b|tors. Thus, we meas_ured Quinine HCI (100uM) 0.90 % 0.03 (3) 0.62 +0.08 (3)*
the effect of glibenclamide on whole-cell current, in an
effort to determine whether the sulfonylurea receptor- pifers from control value,P < 0.05.
linked K" channel contributes to this current. Gliben- Pipette: internal solution; bath: external solution. Mearsex(n) of
clamide (50 uMm) inhibited whole-cell current during paired measurements.
short duration (75 msec) voltage pulses, Fi§—€,and
Table 2. All cells tested responded to glibenclamide
treatment (5Qum) with a decrease in whole-cell current Kc, channel activity in outside-out patches, since these
if the pipette contained jum ATP. However, whole cell  inhibitors bind to the channel on the outside of the mem-
current did not change in response to |5@-glibencl-  brane (Garcia et al., 1995). Voltage ramps from -60 to
amide when pipettes were filled with 1MmATP (not 100 mV (membrane potential) were applied to outside-
shown). out membrane patches from HTB-9 cells before, during,
and after addition of either ChTx or IbTx to the external
bathing medium. [CZ]; in the pipette was 0.0%uM.
MEMBRANE CHANNEL PROPERTIES OFHTB-9 CELLS Channel activity was evident only at positive membrane
potentials ranging from approximately 0—60 mV, Fig. 9,
Current measurements recorded in response to voltagehich is consistent with the behavior of-Kchannel at
ramps (100 to -60 mV membrane potential, 3-sec interthis [C&']. Both ChTx and IbTx at 50 m abolished
val) applied to inside-out patches demonstrated the voltehannel activity, which was restored on washout of the
age- and C&-dependence of large-conductance mems-nhibitors.
brane K channels, Fig. 7. Channel conductance was A smaller conductance Kchannel showed inward
214 £ 3.9 pSi = 3). Channel activity in a single patch rectification during on-cell recordings, Fig. A0 Con-
increased with the concentration of free’Cin the bath  ductance at negative transmembrane potential during on-
from 0.01 to 100uwm, and it decreased on restoration of cell patch measurements was 145 + 13 pS=(4). This
0.01pM C&*, Fig. 7. Open probabilitied) of this K., ~ was an approximation, because the total transmembrane
channel increased with the magnitude of positive transvoltage comprised the pipette potential plus the esti-
membrane voltage and with free [€}, Fig. 8. P, re-  matedV,,of -53 mV. Channel conductance measured at
corded from inside-out patches decreased to zero or ne@ositiveV,, in detached inside/out patches, FigBl&as
zero by addition to the bath of either 81 mm), qui- 21 + 1 pS 6 = 3). This channel displayed neither the
nine (100uMm) or TEA (10 mv), and this inhibition re-  voltage- nor C&'-dependence of the & channel. Apa-
versed immediately on washoutdt shown). min (100 nv) had no affect on the activity of this chan-
We also examined the effects of ChTx and IbTx onnel. In contrast, BaGJ) added to the bath (2 m) for 1
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Fig. 6. Effect of glibenclamide on whole-cell currents of HTB-9 cells.
Voltage clamp was in consecutive 20-mV increments from —100 to 80

mV. Holding potential= -70 mV, and the pipette was filled with Fig. 8. K* channel open probability?,, plottedvs. log,, [Ca®*] and
internal solution + ATP (1um). (A) Whole-cell currents in untreated pipette potential. Data were recorded from an inside-out patches ob-
cell (control). 8) Whole-cell current in same cell iA after 2-min tained from HTB-9 cells. Pipette: external solution; Bath: internal so-
treatment with glibenclamide (5@m). (C) -V plots taken from the lution. P,s were computed from analysis of 45 sec of recording corre-
voltage clamp protocols i andB. sponding to the conditions of each coordinate.

“ A.
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Fig. 7. Effect of [C&*] on K* channel activity. Channel currents re-

corded from inside-out patches during voltage ramps from —100 to 60Fig. 9. Outside-out channel current recorded during voltage ramps
mV (pipette potential over a 3-sec interval) in bath solutions containingfrom —100 to 60 mV (membrane potential over a 3-sec interval). Be-
various free [C&] ranging from 0.01um to 100 um and computed  fore, during and after addition of charybdotoxin (ChTx; 5@)rand
according to Chang’ Hsieh and Dawson (1988) All records were fromiberiOtOXin (|bTX, 50 |'|V|) Pipette: internal solution; bath: external
the same patch. Symmetrical transmembrandg];[IRipette: internal  solution.

solution; bath: internal solution.

internal solution that resulted in symmetrical transmem-

min while the outside-out patch was held at =70 mV,brane K concentrations of 140 m channel activity
eliminated all subsequent channel activity during voltageoccurred at both positive and negative transmembrane
ramps from —100 to 100 mVhnpt showi. potentials, Fig. 1B. Increasing bath concentration of

This channel also was inhibited by ATP. An inside- ATP from 1um to 2 mm abolished channel activity, Fig.
out patch was used for results shown in Fig. 11, and thd1C. Fig. 11D-F show sequential restoration, inhibition,
patch pipette was filled with internal solution (140sm and restoration of channel activity with corresponding
K™). Voltage ramps from -100 to 100 mV were applied changes in bath ATP concentration. The apparent in-
over 3 sec to obtain results in each section. In Figh 11 ward rectification, which was evident from on cell re-
the bath was filled with external medium and channelcordings, never occurred during voltage ramps applied to
activity was evident only at negative transmembrane pothe inside/out patches.
tentials. When the bath solution was exchanged with an  Since ATP-regulated Kchannels comprise a class
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Fig. 10. Inwardly rectifying K" channel from an HTB-9 cell A) On- Membrane Potential (mV)

cell patch current recording of HTB-9 cell during voltage ramp from

—-100 to 100 mV (pipette potential over a 3-sec interval). Pipette: in- Fig. 11. Effect of ATP on K* channel recordings from inside-out

ternal solution; bath: external solutiorB)(Inside-out patch current patches obtained from HTB-9 cells. Voltage ramps were from 100 to

recording taken at 60 mV (membrane potential). Pipette: external so- g9 my (membrane potential over a 3-sec interval) for each trace.
lution; bath: internal solution with 0.0im C&2*. Trace shows activity

Pipette contained internal solution. All traces are from the same patch

of two channels.‘Large cha_nnel current in the “’700“? is one openi‘ng fyith sequential bath solutions ofA( External solution; B) Internal
Kca Gating of this channel increased markedly in this patch by raisinggqtion + 1um ATP: (C) Internal solutiom + 2 mv ATP; (D) Internal

[Ca"] (not show. solution + 1pum ATP; (E) Internal solutim + 2 mv ATP; (F) Internal
solution + 1pm ATP.

of channels linked to the sulfonylurea receptor (Inagaki
et al., 1995), we determined whether a sulfonylurea com-
pound inhibited channel activity. Glibenclamide (b A. Control

o ot e o e, 13 WL MMM A
sigmoidal plot ofP, vs. the log, pnm-dose of gliben- WWWWWMMMWMWM\W‘MMWWWMU
by Gibenciamce was not mmedate, nowever. and ap AU

proximately 2 min comprise the breaks between the se 5 Giibenclamide (50 uM)
guential histograms of open probability in Fig. ...~ "
13. Channel activity returned over 10 min following " "
three washes of the bath. it A
Activation of K,p channels was also evident when swwhsmes AR
diazoxide was added to an inside-out patch, Fig ROV NORORIN
14. Voltage ramps from —100 to 100 mV were applied _
over 3 sec during each measurement. Figurk dows 2 [ som
a patch in which there was no channel activity. How-

ever. channel activity in the same patch was very eviden't:ig' 12. Effect of glibenclamide on Kchannel activity in an HTB-9
’ cell. Current recordings from an inside-out patch obtained from a

at both negativ_e. and po_sitive_pipette potentials imrnecji'HTB—Q cell. Membrane potentias 60 mV. Pipette: internal solution;
ately after addition of diazoxide (10@m) to the bath,  path: internal solution.A) Control; ) 2-min after addition of glib-
Fig. 14B. This reversed on washout of the diazoxide, enclamide (5Qum).
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Fig. 13. Effect of glibenclamide on Kchannel total open probability in an inside-out patch obtained from a HTB-9 cell. Symmetricalr40-m
solutions were in the pipette and bath. Membrane potertiaté0 mV. Total open probability, the product of the number of chanréjgi(nes
open probability P,), was plotted vs. time (1.2 sec) for sequential glibenclamide concentrations in the bath compdsibgng (Control); B)

1 pMm glibenclamide; €) 10 pm glibenclamide; D) 100 um glibenclamide; E) 0 mv (Washout).

A. Control B. Diazoxide (100 uM)

C. Washout

Fig. 14. Effect of diazoxide on K channel re-
cordings from inside-out patches obtained from
HTB-9 cells. Voltage ramps were from 100 to
L._ -100 mV (membrane potential over a 3-sec inter-
val) for each trace. Pipette contained internal so-

lution. All traces were obtained from the same
patch with sequential bath internal (plus piv

! 1 | ATP) solutions of: A) Control; B) plus diazoxide
100 -100 100 -100 (100 um); (C) Washout control; D) plus diazox-
Membrane Potential (mV) ide (100pm).

Fig. 14C, and readdition of diazoxide restored the chan-fect membrane gK and the transmembrane potential
nel activity, Fig. 1. V)
Inhibition of voltage-activated outwardKcurrents,
_ . either by dialyzing the cells with a E&free pipette fill-
Discussion ing solution or by addition of ChTx and IbTx, demon-
strates the Cd-dependence of this Kcurrent. How-
At least two membrane Kcurrents and corresponding ever, the time-dependence for both voltage-activation
channels contribute to the total plasma membrarie Kand recovery of this outward Kcurrent suggests that
conductance (gK) of HTB-9 cells. These are th€a regulation of [C&"]; involves intercurrent cellular
and voltage-activated Kchannel (k) and the gliben- mechanisms besides voltage. We have not determinec
clamide-sensitive ATP-regulated*Kchannel (Ktp).  what these are, nor have we determined the extent to
Together they provide loci whereby changes in the cy-which this phenomenon depends on extra- vs. intracel-
toplasmic concentrations of either €ar ATP can af-  lular C&™.
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The properties of the K, channels in HTB-9 cells responding membrane currents: a 214 p&'Cand volt-
are consistent with those reported previously for othermge-activated K channel (k) and a sulfonylurea-
cell types. The single channel conductance is wellreceptor linked K channel that also is inhibited bynm
within the range of values reported for €activated K concentrations of ATP. Both provide loci whereby
channels (Latorre et al., 1989). Inhibition of khannels  cellular metabolites and signaling ions can affect the K
in outside/out patches by ChTx and IbTx also identifiedconductance antt,,, of the plasma membrane.
the channels as K channels, since both peptides are
well-known blockers of I, (Garcia et al., 1995). The we thank S.K. Curtis for performing electron microscopy, J.L. Sui and
inhibition by IbTx in particular is selective for the large- D.E. Logothetis for computer software to determine channel total open
conductance Ca-activated K channel (Giangiacomo, probability, and D.C. Dawson for computer software to calculate free

. - C&* concentration. This work was supported in part by grants to R.W.
Garcia & McManus, 1992)' The prOflle of the channel from the National Institute on Alcohol Abuse and Alcoholism and the

open probabilitys. the internal C&' concentration and Cardiovascular Research Institute of East Tennessee State University,
transmembrane voltage was similar to the profile re-and a scholarship to S.H.M. from TN-SBR.
ported by Barrett, Magleby and Pallota (1982) for the
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