J. Membrane Biol. 150, 275-282 (1996) The Journal of
Membrane
Biology

© Springer-Verlag New York Inc. 1996

Inhibition of High-conductance, Calcium-activated Potassium Channels of Rabbit Colon
Epithelium by Magnesium

C. Wachter, K. Turnheim
Pharmakologisches Institut, Universit&/ien, Waringer Str. 13a, A-1090 Vienna, Austria

Received: 25 August 1995/Revised: 16 November 1995

Abstract. High-conductance, CGéactivated K chan-  tance of this cell membrane. The regulation of the ba-
nels from the basolateral membrane of rabbit distal colorsolateral K conductance is of central importance for the
epithelial cells were reconstituted into planar phospho{unction of epithelial cells, but the intracellular signals
lipid bilayers to examine the effect of M§ on the responsible for K channel regulation are largely un-
single-channel properties. Mfdecreases channel cur- known [5, 33].

rent and conductance in a concentration-dependent man- Besides other types of Kchannels, high-con-
ner from both the cytoplasmic and the extracellular sideductance (“maxi” or “big”) Ca®*-activated K (BK,)

of the channel. In contrast to other" Kkhannels, M§"  channels are found in the basolateral membrane of many
does not cause rectification of current through colonicepithelial cells [5]. Previous studies using the patch
Cé*-activated K channels. In addition, cytoplasmic clamp technique or reconstitution of membrane vesicles
Mg** decreases the reversal potential of the channeln planar lipid bilayers also demonstrated the presence of
The Mg”*-induced decrease in channel conductance igasolateral BK, channels in epithelial cells of rabbit
relieved by high K concentrations, indicating competi- gistal colon [18, 21, 36]. These channels are highly se-
tive interaction between Kand Mg™. The monovalent |active for K over N& and CF and display voltage-
organic cation choline also decreasgs channel Condufg'ating similar to BK.,.channels of other cell membranes,
tance and reversal potential, suggesting that the effect igs  gepolarization of the cell interior increases channel
unspecific. The inhibition of channel current by fg activity. Removal of C&" from the solution bathing the

and choline most likely is a result of electrostatic screen<1,njasmic side of the channel abolishes channel activ-
ing of negative charges located superficially in the chan-

| But in additi h h “"ty, whereas charybdotoxin, a high-affinity inhibitor of
nel entrance. But in addition to charge, other propertle%Kca channels, blocks from the extracellular side.
appear to be necessary for channel inhibition, a&aywl

. C : As part of studies on the regulation of basolateral K
EI?/Z oﬁr:grnga'fi% rngnrlr{a\ge&?ylghlrtgrgr?ﬁ tl\rfg ?qufg[}s;'{ of _channels by putative intracellul_ar mediators, we exam-
current through these channels ined the effgct of M§"* on the activity of the BK, chan-

' nel of rabbit colonocytes. Mg is the most abundant
inorganic divalent cation in the cytoplasm and has many
Keywords: C&*-activated K channels — Magnesium functions. Aside from being a necessary cofactor for G-
— Rabbit colon epithelium — Surface charges — lon protein mediated mechanisms and many enzymes, espe-

channel reconstitution cially those involved in phosphate transfer, Mchas

Introduction

. . . 1 Abbreviations:BK -, channels: high-conductance, Cactivated K
The basolateral membrane of epithelial cells contaihs K channels:E,: zero-current or reversal potential of the chanr@];
channels which are primarily responsible for the conducsingle-channel conductande; single-channel currenB,; probability
that the channel is in its conductive or open state; PC: phosphatidyl-
choline; PE: phosphatidylethanolamine; PS: phosphatidylse¥ipe;
_— holding or command voltageis solution with respect to thérans
Correspondence tdK. Turnheim solution.
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[H92+] the capillary pipette was applied to the aperture (diameter 175 or 250
-0 wm) of a Teflon septum (thickness 12n) mounted vertically between
I8 two halves of a Teflon chamber. The lipid bilayer separatedcike
0 : | solution (1.5 ml), to which the BLMV were added, from ttens
, ‘ solution (1.5 ml). Theis solution contained initially 150 m KCI and
-C thetrans solution 5 mu KCI, both in 10 mu HEPES-Tris, pH 7.2, and
250 um CaCl,. Following fusion, i.e., appearance of channel activity,
free C&* was lowered to approximately 28v by addition of a buff-

-0 ered (pH 7.2) K-EGTA solution. Free Cd was calculated using a
C&*-EGTA buffer program [27]. The bilayer chamber was shielded in
10 ™M . - .
“ “' " d 'M ‘ I l “ I || “ M ‘ a grounded Faraday cage and placed on a pneumatic antivibration table.
-C All experiments were performed at room temperature (22—24°C).
The solutions in both chamber halves were connected to a patch
“0 clamp amplifier (List EPC-7) via 0.8 KCl-agar bridges in series with
H“ Nl ml”mm‘ M “I Mlmm ” I ‘ l I Ag/AgCI electrodes. The “holding” voltagey,, was defined as the
20 ™ . . . .
electrical potential of theis compartment with respect to theans
-¢ compartment (ground). Positive current represents the flow of a cation
from thecis to thetrans solution. The current across the bilayer was
2o passed through an 8-pole low-pass Bessel filter (Model 902, Frequency
30 M lﬂmm J Devices) and visualized on a storage oscilloscope. The unfiltered cur-
ILJ L " NUM -c rent was recorded via a pulse code modulator (PCM-2 A/D VCR Adap-
tor, Medical Systems) on a commercial video recorder. For analysis of
ZOWI channel activity with the program pCLAMP (Axon Instruments, Foster
4 pA City, CA) on a personal computer, the data recorded on the VCR were
filtered at 500 Hz and digitized at a frequency of 2,000 Hz (TL-1,
Labmaster DMA acquisition system, Axon Instruments). 30—-40 sec of
; > channel activity were analyzed at each holding voltage. The channel
membrane of rabbit colonocyte¥,{ = +30 mV) under conditions of current, I, at a given voltage was obtained from the mean of the

asymmetrical KCI solutions (150 mcis, 5 mm trans). -0 and € g4ssjan distribution of the open-state current-amplitude histogram.
denote the open (conductive) and closed (nonconductive) state of th?he probability that the channel is in its conductive or open sie,

channel. was defined as the fraction of total time the channel was open. The

. ) .
Nf’te that M@* causes a concentration-dependent decrease in the arTBpen-closed discriminator was set halfway between the zero current
plitude of the channel current. and full open current levels

The K* concentration in theis andtrans solution was measured
by flame photometry. The Kactivities were calculated using the ac-
been reported to regulate co-and counter-transport Syswity coefficients published by Robinson and Stokes [30]. At the con-
tems and ion channels [11, 12, 26, 28]. clusion of the experiments theKactivity in thecis solution averaged
111.0 £ 2.0 m (n = 47) and 10.3 £ 0.5 m (n = 50) in thetrans
solution, when the initiatis andtransK* concentrations were 150 and

Materials and Methods 5 mm, respectively.

Fig. 1. Example of the effect of Mg, added to both theis and the
transsolution, on current through a B¥ channel from the basolateral

PLaAsmMA MEMBRANE PREPARATION MATERIALS

Basolateral membrane vesicles (BLMV) of surface absorptive epithe-ppgspholipids were obtained from Avanti Polar Lipids and stored at

lial cells of rabbit distal colon were prepared from mucosal scrapings as ,gec for daily use. Stock lipids were kept at -80°C. All other chemi-
described by Wiener, Turnheim and Van Os [40]. The isolated BLMV 45 were analytical grade.

were suspended in 250MrsUcrose and 10 mHEPES-Tris, pH 7.2,
frozen in liquid nitrogen, stored at —-80°C, and thawed immediately

rior to use.

P STATISTICS

RECONSTITUTION OFloN CHANNELS FROM BLMV INTO Results are given as mean sem. The statistical significance of a
PLANAR LIPID BILAYERS difference between means was calculated using the unpaiest.

Linear and nonlinear regression analyses were performed using the

Single channel measurements were made by fusing BLMV with planaf€ast-square method.

lipid bilayers consisting of either 25 mg/ml bovine brain phosphatidyl-
ethanolamine (PE) and 25 mg/ml phosphatidylcholine (PC) or equal
amounts of PE and phosphatidylserine (PS) in decane. The method fdResults
production of planar lipid bilayers was essentially that of Schindler

[31]. A tiny droplet (0.5 pl) of the phospholipid solution was taken . o . .
up into a 5 or 1Qul glass capillary pipette, and the piston of the pipette Addition of Mg~ to thecis andtrans solution caused a

was moved up and down several times to coat the inside of the glas§oncentration-dependent reduction in current across
capillary with the phospholipid. To form a bilayer, an air bubble from high-conductance, G&activated K (BK.,) channels
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Fig. 2. Effect of Mg?*, added to both theis andtranssolution, on the ) )

relation between, and\V,, under conditions of asymmetrical KCI so- Fig. 3. Concentration-dependence of the effect of*gn channel

lutions (150 nw cis, 5 mm trans). Means +sem of 6 experiments. conductance,. The curve was calculated by approximating the pa-
rameters of simple saturation kinetics to the measured values using an
iterative curve-fitting procedure.

from the basolateral membrane of rabbit colonocytes
(Fig. 1). Table 1. Effect of Mg?* on the conductanc&, (pS), of colonic Bk,

The current-voltagel {-V,,) relations of the channel channels reconstituted in PE/PC or PE/PS bilayers
exposed to asymmetrical KCI solutions (150 mis, 5

) : Mg?* 0 10 20
mM trans) in the absence and presence of varying?Mg (g™ (mu)
concentrations are illustrated in Fig. 2. Mgeducedthe pg/pc 6 = 6) 172 + 13 100+ 6 81+ 6
conductanceG,, of the BK-, channel, i.e., the slope of PE/Ps = 5) 216 +13 149 + 18 112 +10

the 1.-V,, relation was decreased. The concentration

dependence of the reduction@ by |\/|92+ conformedto  The fact thatG, is higher in PE/PS than in PE/PC membranes most

simple saturation kinetics (Fig. 3). From this relation alikely is due to the negative phospholipid surface charge of the PE/PS

maximal inhibitorv effect of Mtff onG. of 160 + 25 pS bilayers compared to the neutral PE/PC bilayers as discussed in more
Y . . ¢ ~ P detail elsewhere [25, 37].

can be calculated. This maximum decreaseGofby

Mg?* was not significantly different from the channel

i +
conductance without Mg, 215 + pS. exposed to 150 mKClI, just the reverse of physiological

In our reconstitution experiments, we used electro-cond.t.On We therefore performed additional experi
neutral PE/PC or negatively charged PE/PS b”ay_mentlsl'n S.h'ch the Kconce?wtrat'on - thealnlssol t'())(r? -
ers. Mg inhibited G, in both types of phospholipid in whi lon | uti

bilayers (Table 1) was increased to 150nmfollowing channel fusiorf. The
In addition to its reducing effect 0@, Mg?* caused effect of M@ on the current-voltage relation of the

a rightward shift of the reversal potential of the channel,,?(;(n%a i(s:h:r?onv‘i:] ei:;](plé)isecé t(?”? yT/merter:;zlo:](SCilnct%r;czgt_ra-
E,, as is clear from thec-axis intersects of thé.-V,, g 5 Thé-V,

clations i the absence and presence of varying Mg 1 58 PIERChCe STIROTIAER 0 2 SeRA e
concentrations (Fig. 2). 9 P '

other words, M§" equally inhibited channel Kcurrents

The voltage-dependence of the probability that the. R : ;
channel is in its open statB,, is shown in Fig. 4. M§* in the direction extra- to intracellular and intra- to extra-

; . : 2 cellular.
g]ﬁzg?gentratlons from 2 to 20 mdid not significantly In the experiments described above, Mgvas
o

Further, Fig. 4 illustrates th&, was high when the added symmetrically to both thas and thetrans solu-

transmembrane electrical potential difference was negat-'ons' By addition of Mg" to only thecis or thetrans

tive (ciswith respect tdrans). From this finding and the solution it can be shov_vn that this divalent cation de-
previously established voltage-dependence of Channé:lreaseSGC from both sides of the channel, b& is
gating [36], it follows that the cytoplasmic side of the

channels faced th&rans solution in these experiments.

Henqe, the o_rlentatlon of the Channels is such that thelnitially, the trans andcis K* concentrations were always 5 and 150
solution bathing the cytoplasmic side of the channelsmy, respectively. This gradient in osmolarity is necessary to facilitate
contained 5 m KCI, whereas the extracellular side was channel fusion with the bilayer [1].
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Fig. 4. Effect of Mg?* on the relation betweeR, andV,,, Experimen-
tal conditions as in Fig. 2.
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Fig. 5. Effect of Mg?*, added to both theis andtranssolution, on the
|-V, relation under conditions of symmetrical KCI solutions (15@ m
cis andtrans). Means =sem of 3 experiments. Inset: concentration-
dependence of the effect of ¥igon G..

reduced only from therans, i.e., the cytoplasmic side
(Fig. 6).

As illustrated in Figs. 2, 5 and 6, thgV,, relations
were linear or ohmic in the presence of #g This is in
contrast to the inhibitory effect of Mg on other K
channels in which the Mg-induced reduction i, in-
creases a¥,, is made more positive [8, 10, 14, 15, 23].
To further test the voltage-dependence of the’effect
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Fig. 6. Effect of Mg?*, added to only theis (top) or thetrans solution
(bottom), on thd -V,, relation under conditions of asymmetrical KCI
solutions (150 m cis,5 mm trans). Means +sem of 3—4 experiments.
Mg?* concentrations: 0 (empty circles), 10vn{full circles), 20 nu
(empty triangles), and 30 m(full triangles).

[2, 13], whereKp g, is the zero-voltage dissociation con-
stant of the inhibitor an@ the fraction of the transmem-
brane electrical potential difference acting at the inhibi-
tor site (“electrical distance”).z, F, R,andT have their
usual meanings. Figure 7 illustrates this analysiscisy
transand symmetrical addition of Mg under conditions
of 150 mm KCI cis and 5 nu trans. The values ofd
obtained are quite low, 0.14 férans Mg?* and 0.06 for
cis Mg?*. Thus, M¢™ at the inhibitory site on thé&rans

on BKc, channels of rabbit colonocytes, the apparentside of the channel experiences a somewhat larger frac-

dissociation constant of Mg, Ky, was determined at
different holding voltages. If the Mg effect is voltage-
dependentKy should vary exponentially with/,,, ac-
cording to

tion of the transmembrane voltage difference tharfig
on the cis side. This sidedness in voltage-sensitivity
most likely is responsible for the small voltage depen-
dence ofKg for symmetrical Mg*, which varied be-
tween 2.5 and 4 m at voltage differences from -20 to
+60 mV (Fig. 7). With 150 mn KCI in both thecis and
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— Mg”cis Fig. 8. Dependence of the channel conductarigpn the logarithmic
8 - 8 ~—. mean K activity, (K), across the channel under control conqitions
Mg™ cis & trans T~ <f (empty symbols) or in the presence of 3@ klg?* (full symbols). K)
4 o / was increased by adding KCI to tleés or trans solution in a stepwise
°__fo-—-—°"‘°—_ 4 v manner. Means £em of 3—4 experiments. The curves represent non-
/ Mg”trans linear regression analyses underlying simple saturation kinetics. Using
0 o L& this procedure an apparent maxim@pof 422 + 6 pS wagalculated
— L L 4 L L L . ) for control conditions (no Mg), the corresponding value in the pres-
20 0 20 40 60 -40 20 @ 20 40 ence of M@* was 406 + 26 pS, which is not significantly different. But
vm (mM) vm (mV) the (K)-value, at whichG, is half maximal, was three times higher in

the presence of Mg (90 + 3 mm) than in its absence 3+ 3 mm).
Fig. 7. Top: Voltage- and concentration-dependence of the effect of
Mg?* (cis andtrang) on channel current,. Al, is the difference irl,
before and after addition of Mg. The curves at each value \gf, were
calculated by nonlinear regression analysis, underlying the Michaelis
Menten equation. By this procedure a value Kgy, the apparent dis-
sociation constant of Mg, is obtained for eacV,, Bottom: Depen-
dence ofK, onV,, when Mg* was added to theis or trans solution
or to both. Means isem of 3—-6 experimentssem (not showi ranged
between 7 and 22% of the respective means.

marked reduction i, andE,, whereas NareducedG,
by only a small amount (Table 2).
Mannitol had no effect o165, or E,, indicating that
the reduction in channel current by the tested cations was
not due to changes in osmolarity (Table 2).

Discussion

transsolution, the value oK, for the inhibitory effect of S )
Mg?* on channel current was increased to 5.5-@ m Mg”" inhibits the current through high-conductance,
(analysis of the data shown in Fig. 5). Ca*-activated K channels from the basolateral mem-

Additionally, the interaction between Mtjand K b_rane of rabbit distal colon epithelial cells. Reductio_n of
is illustrated in Fig. 8 which shows the relation betweensingle-channel current by Mg has been observed with
G, and the logarithmic mean *Kactivity, (K), given by different K" channels, the_ _muscanmc-recepto? ghan-
[(K) ~(K) J/IN[(K) J(K)].® G, depended on (Kin a hy-  nel [14], the inward-rectifier K channel [23, 35], the
perbolic manner that conforms to saturation kinetics ATP-sensitive K channel [10, 15], and the €&
Mg?* shifted theG.-(K) curve to the right, the maximum activated K cha+nnel of skeletal muscle [8]. However,
G., however, was not changed by Rfg But (K) at the effect of Mg* on the BK, channel of colon epithe-
which G, is half-maximal was increased threefold (Fig. lium differs from that of the other Kchannels twofold:
8). This finding is consistent with competitive inhibition
of K* current through the channel by ¥fg (1) ThelsV,,relation of colonic Bk, channels in the

In a final set of experiments, we tested the effects ofresence of Mg is linear (ohmic) in the range -40 to

the monovalent cations choline and Nan the colonic ~ *+40 mV, whereas Mg confers rectifying properties on
BKCa channel. Similar to M@"" choline caused a the muscarinic receptor, the inward rectlfler, the ATP-

sensitive K channel and the skeletal BK channel.
With other words, in contrast to these channels the volt-
age dependence of the inhibitory effect of M@n co-
lonic BK, channels is small or negligible. Hence, it

3(K), and (K) are the K activities in thecis and trans solution, ! ]
appears that Mg does not sense a major fraction of the

respectively.
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Table 2. Effects of choline, N& and mannitol o1 andE, of colonic The notion that M@* decreases the KCI™ selectivity
BKca channels in comparison to control values before addition of theramains to be tested directly.
respective compounds

G (pS) E (mV) MECHANISM OF THE Mg@?* INHIBITION

Choline (50 nm trans, n= 3) 139+ 9 -22.0+6.8
Control 201+19 -61.9+4.4 The reduction of5, by Mg** is relieved by increasing K
Na* (50 v trans, n = 5) 174+ 12 _495+51 concentrations, indicating competitive (re\{er5|ble) inter-
Control 188+ 15 _581+15 action bgtween Mij“ and K. Many chemlca_lly unre-
Mannitol (100 rmt ¢ 2 o5t o 601440 lated cations besides Mfjcause a decrease in the con-

annito m trans, n = + -60.1+4. H H
Control 920411 6084542 ductance of different K channels, for instance C$2,

42], monovalent organic cations such as cholinefe;
sent studyyand tetraethylammonium [19, 42], and poly-
valent organic cations such as protamine, pelyrginine
transmembrane voltage difference at its inhibitory site [6], spermine and spermidine [7, 9, 22, 38]. Hence, the
i.e., the inhibitory site of Mg is located superficially in ~ Simplest explanation for the inhibitory effect of Kfgon

the channel mouth. channel current is an unspecific effect such as screening

(2) Mg?" reduces the reversal potentigl, of the  of negative charges rather than binding to a site specific
colonic BKc, channel, whereas no such effect was re-for Mg?*. Generally, polyvalent cations were shown to
ported for other K channels. A shift irE, may suggest be stronger inhibitors, i.e., lower concentrations are re-
that Mg** permeates the channel, but this is unlikely quired to reduce channel current (in the to pm range
because infinite M§" concentrations seem to block the With spermine, protamine, and polyarginine [6, 7, 9]),
channel almost completefy The observation that Mg ~ than monovalent cations ¢mrange with CS, TEA, and
change<, only when present on the cytoplasmic side of choline [2, 3]). This relation between cation valence and
the channel also argues against the possibility that'Mg inhibitory potency is in agreement with surface charge
permeates through the channel. The ionic radius of untheory [4, 13, 24].
hydrated Mg@* (0.65 A) is smaller than that of K(1.33 Screening of negative charges in the channel en-
A), but Mg?* tends to remain hydrated even when inter-trance may also be responsible for the finding tGat
acting with biological macromolecules because of itstends to saturate with increasing concentrations af K
strongly polarizing nature (effective radius of hydrated If current across the channel conforms to simple electro-
Mg?*: 7.0 A). M¢?* therefore passes through small wa- diffusion, a linear relation betwee®. and the logarith-
ter-filled channels only with difficulty [11, 41]. mic mean K activity, (K), would be expected that passes

through the origin (“independence principle™) [13, 32].

A possible explanation for the decreaseBEp by The _observe_d hype_rk_nolic dependenceGyf on (K) is
Mg2" is a reduction in the channel selectivity fof iver ~ consistent with qut"'on occupancy of the channel but
CI". In the absence of M, the permeability of the IS0 with a “Mg"-like” effect of K™ at high concentra-
channel to K, Py, is approximately 30 times greater than tions. At low ionic strength, t_he negative charges in the
to CI, P, From the decrease i, an apparent reduc- qhannel _entrance attract (;atlons into thle pore to many
tion in Po/P, to 8 can be calculated for 20nmMg?2". times their bulk concentration. !n fact, thls_ effect of pro-

tein surface charges probably is responsible for the ap-

parently contradictory channel properties of high con-
[ ductivity and high selectivity [4, 17]. But as the surface
“If the decrease &, in the presence of Mg were a result of passage potential in the channel mouth is decreased by increasing
of this divalent cation through the channel, the size of the I’ightwal’dpermeant cation concentrations, this ion concentrating
shift of E, would indicate a high permeability of the channel for ¥g mechanism and the corresponding increase in channel

Pug compared to that for K Py. A value forPy/Py, cannot be given,  oonqyctance levels off similar to saturation kinetics [4,
because an equation analogous to the Goldman-Hodgkin-Katz (GHK 7, 24]

equation for a mixture of permeant ions of different valence is not .
available [13]. However, for the monovalent cation choline we can The negative charges screened do not appear to be
estimate its apparent permeability relative to that fsui€ing the GHK ~ located in the phospholipid bilayer but rather on the
equation. From the shift i, caused by choline (Table 2)Ra/Pcroine  Channel protein itself, because the inhibitory effect of
ratio of 1.1 is calculated, indicating that the permeability of choline M92+ on channel conductance was similar in electroneu-
through the channel would have to be almost as high as that o6 K tral (PE/PQ or negatively charged bilayer$E/PS.

account for the decrease K. But a high permeability of the BK,
channel for choline is not consistent with the marked reduction inThus’ the channel mouth does not seem to be formed by

conductance observed in the presence of choline. Passage of cholinetige phospholipid molecules OT the bilayer. )
also unlikely in view of its size (molecular cross sectional area 23 A The nature of the negative charges on the rabbit
compared to 5.5 Afor K* [3]). colon BK, channel that appear to be involved in the
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Mg?* effect is not clear. In another’Kchannel, the in-  to Mg®* activities (free Mg* concentrations) of 1.3-2
ward rectifier, the carboxyl group of aspartate has beemwm and 2.8—4 m, respectively. Hence it is possible
implicated in mutagenesis studies to be responsible fothat Mg participates in the physiological regulation of
the Mg?* sensitivity [23, 35]. Replacing aspartate by a colonic BK., channels at least under conditions of de-
cationic amino acid renders the channel ¥linsensi-  creased energy supply. The increase in celfvturing
tive, but thel .-V,,, relation now rectifies in the absence of states of ATP depletion may serve to prevent an inordi-
Mg?*. Hence any positive charge appears to cause a dexate loss of cell K by limiting the outflow through the
crease in conductance or rectification. In the nicotinicBK, channels. In agreement with such a scenario, de-
acetylcholine receptor channel, in which ®Mgalso re-  creasing cell ATP in frog proximal tubules with cyanide
duces conductance, the negative charges responsible faas found to result in a reduction of basolateral mem-
this interaction with M§* have been defined by similar brane K conductance [29]. It should be noted that in-
mutagenesis techniques [16]. tracellular C&" also rises when the supply of metabolic
However, simple charge screening should be deperenergy is impaired. The resulting stimulation of BK
dent only on the valence of the screening compound buthannels may be attenuated by the simultaneous rise in
not on the particular species. Thus, all impermeantntracellular M¢™.
monovalent cations should produce identical reductions
in channel current or conductance [24]. This was not theThis study was supported in part by the Fonds zirdEmng der
case, as choline reduces|, of colonic BK, channels wissenschaftlichen Forschung irs@rreich (Austrian Research Coun-
much more effectively than Na(TabIe 2). The inhibi- cil)_, project P64§7|\_/I. Chri_stoph Wachter was supported by a fellow-
tory potency also varies among divalent cations: in Con_shlp of the Medizinisch-Wissenschatftlicher Fonds of the Mayor of the

" " Sz City of Vienna, Austria. The chamber used for the reconstitution ex-
trast to Mé ! Ba" does not significantly affecG, of periments was kindly provided by Dr. H. Schindler, University of Linz,

colonic BKc, channel, as reported earlier [36]. Differ- aystria.

ences in the blocking effects of a humber of divalent

cations were also observed with the Bichannel of rat

skeletal muscle [8]. Hence, properties in addition toReferences
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