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Abstract

ATP-sensitive potassium (KATP) channels in pancreatic b-cells comprise sulfonylurea receptor (SUR) 1 and inwardly-rectifying

potassium channel (Kir) 6.2 subunits. We have evaluated the effect of intracellular taurine on KATP channel activity in rat pancreatic

b-cells using the patch-clamp technique. The mechanism of taurine action was also examined using recombinant KATP channels. The islets

and single b-cells from male Sprague–Dawley rats were collected by collagenase digestion technique. Single KATP channel currents were

recorded by the inside–out mode at a membrane potential of �60 mV. Cytosolic free-Ca2þ concentration ([Ca2þ]c) and insulin secretory

capacity were measured by the dual-excitation fluorimetry and radioimmunoassay, respectively. The native b-cell KATP channel was

directly inhibited by taurine in a dose-dependent manner. Taurine did not influence ATP-mediated inhibition or MgADP-induced

activation of the channel activity. The sensitivity of the KATP channel to glybenclamide, but not gliclazide, was enhanced by taurine.

Glybenclamide elicited a greater increase in [Ca2þ]c and increased insulin secretion in the b-cells when pretreated with taurine. Taurine

did not inhibit Kir6.2DC36 currents, a truncated form of Kir6.2, expressed in Xenopus oocytes without SUR. These results demonstrate

that taurine inhibits the KATP channel activity in the b-cells, interacting with a benzamido-binding site on SUR1, but not Kir6.2.

# 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Taurine (2-amino ethanesulfonic acid), is a low-molecu-

lar weight organic cellular constituent that is found in high

concentrations in almost all mammalian tissues. As humans

biosynthesize only small amounts of taurine, dietary sup-

plements of taurine are needed [1]. The ability of taurine to

treat cardiovascular [2,3], skeletal muscle [4], and neuronal

diseases [5] that are mainly caused by ischaemia or hypoxia

has been extensively studied. In contrast to carboxylic

amino acids, taurine is a sulfur-containing, zwitterionic

b-amino acid at normal physiological pH, with a high

hydrophilicity. Its lack of lipophilicity thus aids the ability

of taurine to act as an important organic osmolyte. In

addition, due to its polyvalence, it readily interacts with

neutral phospholipids [6] and thereby modifies the functions

of membrane proteins such as ion channels [7,8] and other

plasmalemmal proteins [9,10], as well as proteins in the

membranes of intracellular organelles [11].

Taurine inhibits KATP channels in cardiac tissues [12,13]

and skeletal muscles [14]. However, the exact mechanism

of taurine action is still unknown. The effect of taurine on

the b-cell KATP channel has also not been examined. The

KATP channel is composed of two subunits: SUR and Kir.

b-Cells possess the Kir6.2/SUR1 KATP channel [15,16]

while the cardiac and skeletal KATP channels are composed
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of Kir6.2/SUR2A [17,18]. Smooth muscle KATP channels

consist of Kir6.1/SUR2B or Kir6.2/SUR2B [19,20]. The

Kir subunit forms a pore while the SUR subunit is a

regulatory subunit that endows the Kir with sensitivity to

drugs such as the inhibitory sulfonylureas [21] (e.g. gly-

benclamide) and the stimulatory Kþ channel openers [22].

We have assessed the effect of intracellular taurine on

properties of b-cell KATP channels.

2. Materials and methods

2.1. Preparation of islets and single b-cells from

rat pancreas

Islets of Langerhans were isolated from the pancreas of

male Sprague–Dawley rat weighing 200–250 g by a col-

lagenase digestion technique [23]. Briefly, the animals

were first anaesthetized by Nembutal. Collagenase (Type

V; Sigma) dissolved at 1 mg/mL in Hank’s Balanced Salts

solution (HBSS) was transfused via the common bile duct

into the pancreatic ducts. The dissected pancreas was

transferred into a 15-mL capped conical tube for a 15-

min incubation at 378 in a shaking water bath. Islets were

picked out with a 10-mL pipette on a stereoscope (15�) and

placed into Krebs Ringer Bicarbonate Buffer (KRBB)

solution containing 10% bovine serum albumin (BSA),

penicillin (100 unit/mL), and streptomycin (0.1 mg/mL).

Islets were dissociated into single cells by trituration using

a fire-polished Pasteur pipette, and a 1-mL syringe employ-

ing increasingly smaller needle diameters (20–26 gauge).

For patch-clamp experiment, single cells were dispersed

onto cover glasses (8 mm � 3 mm) in a 35-mm culture dish

and incubated in RPMI-1640 media with 11.1 mM glu-

cose, 10% fetal bovine serum (FBS), and antibiotics in a

humidified incubator at 378 with 5% CO2 and balanced air.

The islets used to measure insulin secretion and the single

cells used for [Ca2þ]c measurements were incubated in the

same RPMI media without FBS. After 24-hr incubation,

cells were exposed to 0.3 or 3 mM taurine (taurine groups),

and then incubated at 378 for �24 hr before experiments.

During experiments, taurine was present in all solutions for

the taurine groups.

2.2. Molecular biology and oocyte collection for

cloned KATP channels

Mouse Kir6.2 (Genbank D50581 [16]) cDNA was

cloned in the pBF vector. To obtain currents with Kir6.2

alone independent of SUR1, a truncated form of Kir6.2

(Kir6.2DC36) in which the last 36 amino acids of the C

terminus had been deleted was made by introduction of a

stop codon at the appropriate residues by site-directed

mutagenesis [24]. Capped mRNA was prepared using

the mMESSAGE mMACHINE large scale in vitro tran-

scription kit (Ambion), as previously described [25].

Female Xenopus laevis were anaesthetized with MS222

(2 g/L added to the water). One ovary was removed via a

mini-laparotomy, the incision sutured and the animal

allowed to recover. Immature stage V–VI oocytes were

incubated at room temperature for 60 min with 1.0 mg/mL

collagenase (Sigma, type V) and manually defolliculated.

Oocytes were injected with �0.1 ng of Kir6.2DC36

mRNA. The final injection volume was 50 nL per oocyte.

Isolated oocytes were maintained in Barth’s solution at 198
and studied 1–4 days after injection [25].

2.3. Electrophysiological measurement of

KATP channel activity

The inside–out configuration of the conventional patch-

clamp technique was used for the single channel recording

of KATP channel activity. Patch pipettes were pulled from

borosilicate thin-walled (for b-cells) or thick-walled (for

oocytes) glass capillaries (World Precision), fire-polished,

and coated with Sylgard resin (Dow Corning) near the

tip. The pipette had resistance between 3 and 5 MO (b-

cells) or 250–500 kO (oocytes). The cells were mounted on

an inverted microscope (Axiovert 135; Carl Zeiss) and

perfused with the bath solution indicated below. The single

channel currents were recorded using an Axopatch 200A

(b-cells) or Geneclamp-500 (oocytes) patch-clamp ampli-

fier (Axon), passed onto an A/D converter (Digidata

1200A; Axon), stored on videotape via a pulse code

modulator (VR-10B; Instrutec), and later analyzed with

Pclamp 8.2 software (Axon) on a computer. The experi-

ments were performed at room temperature.

2.3.1. Native b-cell KATP channel recording

Data were filtered at 1 kHz and sampled at 5 kHz with a

membrane potential clamped at �60 mV. The extent of

channel activity was expressed as Po. The relative channel

activity in the presence of a test chemical was described as

Po/Poc, where Poc is the Po taken as the mean of that

obtained before and after application of the test compound

except for glybenclamide, of which effect is irreversible

during experiment for the b-cell type channel. Each Po was

calculated with data points during the last 30 s interval of

the test solution. The Po/Poc was then fitted into the Hill

equation by using Origin 5.0 software (MicroCal).

Po

Poc

¼ 1 þ ½A�
ic50

� �h
" #�1

where [A] is the concentration of a chemical, IC50 is the

half-maximal concentration for inhibition of the chemical,

and h is the Hill coefficient.

In the inside–out experiment, cells were bathed in a solu-

tion(intracellular)composedof(inmM)107KCl,2MgCl2,1

CaCl2, 10 HEPES, 10 EGTA, and pH 7.2 with KOH. The

pipette (external) solution contained (in mM) 140 KCl, 1.2

MgCl2, 2.6 CaCl2, 10 HEPES, and pH 7.4 with KOH.
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2.3.2. Cloned KATP channel recording

Macroscopic currents were recorded from giant excised

inside–out patches at a holding potential of 0 mV [25].

Currents were evoked by repetitive 3 s voltage ramps from

�110 to þ100 mV. Currents were filtered at 10 kHz,

digitized at 0.4 kHz and resampled at 20 Hz for presenta-

tion in the figures. The pipette and bath solution were the

same as those for the native b-cells.

2.4. Measurement of the change in [Ca2þ]c

To observe the effect of taurine pretreatment on the

glybenclamide-induced [Ca2þ]c changes in the b-cells, the

cultured b-cells were mounted onto a cover slip (25 mm

diameter) and bathed in a pH 7.4 physiological solution

containing (mM) 126 NaCl, 5 KCl, 1 CaCl2, 1.2 MgCl2, 10

HEPES with pH 7.4.

The calcium indicator dye Fura-2 acetoxymethyl ester

(Fura-2/AM) (3 mM) was then added to the cells for 30 min

for the micro-fluorescent imaging of [Ca2þ]c. This incuba-

tion was followed by a 30-min wash in dye-free physiolo-

gical solution toallow esterase conversion into free Fura-2. A

cover slip was placed on the stage of an inverted microscope

and fluorescence was measured by an InCa dual-wavelength

system (Intracellular Imaging), with excitation and emission

wavelengths set at 340/380 and 510 nm, respectively. Ratio

images were processed every 5 s and converted into [Ca2þ]c

relative to a range of values obtained by measuring Fura-2

in the presence of a known concentration of calcium

(Calcium Calibration Buffer Kit; Molecular Probe).

2.5. Measurement of insulin secretory capacity for islets

Insulin secretory capacity was measured by the batch

incubation method as previously reported [26]. Normal

taurine concentration in the plasma is about 0.3 mM

[27,28], but we tested taurine at both 0.3 and 3 mM,

because 3 mM taurine was reported to induce more

remarkable results in some experiments [28]. Taken from

the RPMI-media, the islets were then incubated for 1 hr at

378 in a modified KRBB solution containing (mM) 114

NaCl, 4.4 KCl, 1.28 CaCl2, 1 MgSO4, 29.5 NaHCO3, 10

HEPES, 5 glucose, 0.1% BSA, and pH 7.4 adjusted with

NaOH. Ten islets [28] each was then placed into each one

of batches of 48-well plate containing the KRBB solution

plus varying glybenclamide concentrations. The islets

were cultured for 1 hr at 378 and then an aliquot was taken

from each well and centrifuged (700 g, 5 min). The super-

natant (200 mL) was carefully collected and stored in a

freezer (�208) for later radioimmunoassays. Rat insulin

assay kits were purchased from Linco Research Inc.

2.6. Materials

Fura-2/AM was obtained from Molecular Probes and

dissolved in dimethyl sulfoxide (DMSO). Taurine was

purchased from Tocris. BSA and FBS were purchased

from Gibco Invitrogen and Hyclone, respectively. All other

chemicals were obtained from Sigma Chemical Co.

Drug-containing bath solutions were made just before

the experiment. ATP (10 mM) and ADP (10 mM) in the

bath solution, gliclazide (50 mM) and glybenclamide

(10 mM) in DMSO were prepared as stock solutions. They

were diluted immediately before use to the final concen-

trations indicated. Flow rate was adjusted to make a

complete change of the bath solution within 10 s.

2.7. Statistical analysis

Data were expressed as means 	 SEM. Statistical sig-

nificance was evaluated by unpaired Student’s t test when

only two groups were involved, and by ANOVA followed

by a test of Dunnett when two experimental groups are

Fig. 1. Inhibition of KATP channel currents by taurine. (a) A representative

trace of KATP channel activity in a native b-cell showing a dose-dependent

inhibition in response to taurine. Inside–out mode at a membrane potential

of �60 mV. Taurine was applied to the intracellular side. The vertical scale

indicates the number of channels. (b) A trace showing a reversible

inhibition by taurine of KATP channel current in a native b-cell. (c) Dose–

response relationship of KATP channel activity to taurine. Po in the

presence of taurine was normalized relative to the mean of Po obtained

before and after exposure to taurine (Poc). The symbols represent the mean,

and vertical bars indicate SEM. Data were fitted into the Hill equation,

yielding an IC50 of 12.3 mM and h of 4.8 (N ¼ 6). (d) A macroscopic

cloned Kir6.2DC36 current recorded in response to a series of voltage

ramps from �110 to þ100 mV. Inside–out mode from the oocyte

membrane at a holding potential of 0 mV. Taurine (15 mM) and ATP

(1 mM) were applied during the period indicated by the bars.
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compared with a control group; P < 0:05 was considered

significant.

3. Results

3.1. Direct effect of taurine on KATP channel activity

through SUR1, not Kir6.2

When applied to the intracellular side of the b-cell

membrane, taurine inhibited the KATP channel activity in

a dose-dependent and reversible manner (Fig. 1a and b).

It was fitted into the Hill equation, showing an IC50 of

12:3 	 0:4 mM (N ¼ 6) and h of 4.8 (Fig. 1c). However,

Kir6.2DC36 current recorded in the oocyte membrane was

not inhibited by taurine, suggesting that taurine acts on

SUR1, not Kir6.2 (Fig. 1d).

3.2. Effect of taurine on ATP-mediated inhibition and

MgADP-induced activation of b-cell KATP channel

activity

Taurine was tested at a concentration near the IC50

(10 mM) on the nucleotide sensitivity of the KATP channel.

ATP inhibited the channel current to a similar extent in

the absence and presence of taurine, the IC50 being

Fig. 2. Effect of taurine on ATP-induced inhibition of KATP channel currents in native b-cells. (a) Traces of KATP channel activity showing ATP-induced

current inhibition in the absence (upper) or presence (lower) of 10 mM taurine. Inside–out mode at a membrane potential of �60 mV. Taurine and ATP were

applied to the intracellular side. The vertical scales indicate the number of channels. (b) Dose–response relationships of KATP channel activity to ATP in the

presence (&) or absence (*) of 10 mM taurine. Po in the presence of ATP was normalized relative to the mean of Po obtained before and after exposure to

ATP (Poc). The symbols represent the mean, and vertical bars indicate SEM. Data were fitted into the Hill equation, yielding an IC50 of 16.4 mM and h of 1

(N ¼ 4) in the absence of taurine, and an IC50 of 15.8 mM and h of 0.8 (N ¼ 6) in the presence of taurine.

Fig. 3. Effect of taurine on MgADP-induced activation of KATP channel currents in the presence of 100 mM ATP. (a) Traces of KATP channel activity in native

b-cells showing the activation by MgADP in the absence (upper) or presence (lower) of 10 mM taurine. Inside–out mode at a membrane potential of �60 mV.

Taurine, MgADP and ATP were applied to the intracellular side. The vertical scales indicate the number of channels. (b) Mean Po of KATP channel activity in

response to 100 mM ATP (&) or ATP plus 100 mM MgADP ( ) with (right, N ¼ 7) or without (left, N ¼ 5) 10 mM taurine. Po in the presence of MgADP

was normalized relative to the Po measured in the presence of ATP only. The symbols represent the mean and SEM.
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16:4 	 0:3 mM (N ¼ 4) and 15:8 	 0:4 mM (N ¼ 6); h of 1

and 0.8, respectively (Fig. 2a and b). MgADP (100 mM) in

the presence of 100 mM ATP increased channel activity

(Fig. 3a). The difference in the magnitude of MgADP

activation was not significant between taurine and taurine-

free groups (4:1 	 1:3 mM, N ¼ 7; 4:4 	 1:7 mM, N ¼ 5,

respectively; Fig. 3b). These observations suggest that

neither ATP inhibition nor MgADP activation of the

channel activity are modulated by intracellular taurine.

3.3. Effect of taurine on sulfonylureas-mediated

inhibition of b-cell KATP channel activity

We next evaluated the interaction of taurine with the

sulfonylureas, glybenclamide and gliclazide. Glybencla-

mide interacts with two high-affinity binding regions of the

drug-binding pocket on SUR1 (sulfonylurea- and benza-

mido-binding sites) [29] whereas gliclazide only interacts

with one (the sulfonylurea-binding site) [30,31]. In the

presence of taurine (10 mM), the sensitivity of b-cell KATP

channel to glybenclamide was increased (Fig. 4a and b).

Figure 4c shows that the glybenclamide concentration–

inhibition curve was markedly left-shifted by taurine, and

the IC50 decreased from 1:7 	 0:8 nM (N ¼ 8) in the

absence to 0:1 	 0:1 nM (N ¼ 6) in the presence of taur-

ine. The Hill coefficient was unchanged: h ¼ 0:5 and 0.4,

respectively. However, taurine (10 mM) failed to enhance

the sensitivity of the KATP channel to gliclazide (Fig. 5a

and b), yielding an IC50 of 30 	 0:001 nM and h of 1.9

(N ¼ 4) in the absence of taurine, and an IC50 of

30 	 0:004 nM and h of 1.2 (N ¼ 4) in the presence of

taurine (Fig. 5c). It suggests that taurine does not interact

with the sulfonylurea-binding site for glybenclamide.

3.4. Effect of taurine on glybenclamide-induced change

in [Ca2þ]c and insulin release

The closure of KATP channels by sulfonylureas should

increase [Ca2þ]c in the b-cell and thereby induce insulin

Fig. 4. Effect of taurine on glybenclamide-mediated inhibition of KATP

channel currents in native b-cells. (a, b) Traces of KATP channel activity

showing the glybenclamide-induced inhibition in the absence or presence

of 10 mM taurine. Inside–out mode at a membrane potential of �60 mV.

Taurine and glybenclamide were applied to the intracellular side. The

vertical scales indicate the number of channels. (c) Glybenclamide

concentration–inhibition curve of KATP channel activity in the presence

(&) or absence (*) of taurine. Po measured in the presence of

glybenclamide was normalized relative to the Po measured immediately

before exposure to glybenclamide (Poc). The symbols represent the mean,

and vertical bars indicate SEM. Data were fitted into the Hill equation,

yielding an IC50 of 1.7 nM and h of 0.5 (N ¼ 8) in the absence of taurine,

and an IC50 of 0.1 nM and h of 0.4 (N ¼ 6) in the presence of taurine.

P < 0:05 vs. the value of (�)taurine at the same concentration of

glybenclamide using unpaired t test.

Fig. 5. Effect of taurine on gliclazide-mediated inhibition of KATP channel

currents in native b-cells. (a, b) Traces of KATP channel activity showing

the gliclazide-induced inhibition in the absence or presence of 10 mM

taurine. Inside–out mode at a membrane potential of �60 mV. Taurine and

gliclazide were applied to the intracellular side. The vertical scales indicate

the number of channels. (c) Gliclazide concentration–inhibition curve of

KATP channel activity in the presence (&) or absence (*) of taurine. Po in

the presence of gliclazide was normalized relative to the mean of Po

obtained before and after exposure to gliclazide (Poc). The symbols

represent the mean, and vertical bars indicate SEM. Data were fitted into

the Hill equation, yielding an IC50 of 30 nM and h of 1.9 (N ¼ 4) in the

absence of taurine, and an IC50 of 30 nM and h of 1.2 (N ¼ 4) in the

presence of taurine.
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secretion. In control cells, addition of glybenclamide to

the extracellular solution triggered an increase in [Ca2þ]c,

in a manner that was dependent on the glybenclamide

concentration (Fig. 6a and b). In cells pretreated with 0.3

or 3 mM taurine, the [Ca2þ]c increase induced by gly-

benclamide was greater than that of control cells. Gly-

benclamide-stimulated insulin secretion of islet cells was

also higher in taurine-pretreated cells than in control cells

(Fig. 7). Thus, the ability of taurine to enhance the

inhibitory action of glybenclamide on the KATP channel

is physiologically relevant, as this effect is associated

with a greater [Ca2þ]c, and elevated insulin secretion by

the b-cells.

4. Discussion

In this study, we show that taurine causes a dose-

dependent inhibition of KATP channel, when measured

in inside–out patches excised from rat pancreatic b-cells.

This finding is consistent with previously published obser-

vations that taurine inhibits the activity of the KATP chan-

nels found in skeletal [14] and cardiac [12,13] muscle. The

IC50 for the taurine-mediated block of the b-cell KATP

current was 12.3 mM, close to that measured in cardiac

myocytes (13.5 mM [12]), suggesting that the different

type of SUR subunits is not critical for the taurine action.

Since most tissues contain taurine at concentrations that

exceed 10 mM [32], the inhibitory effect of taurine on the

KATP channel activity that we observed is likely to be

physiologically relevant. We found that taurine does not

modulate the KATP channel sensitivity to ATP and MgADP.

Furthermore, taurine could not inhibit the Kir6.2DC36

current. It is known that the principal site at which ATP

acts to mediate KATP channel inhibition resides on Kir6.2

and that SUR1 further enhances the ATP sensitivity of

Kir6.2 [24]. By contrast, the activatory action of MgADP is

mediated via nucleotide-binding domain on SUR1 [33].

Taken together, it may be that the functional modifications

of the KATP channels induced by taurine do not involve the

nucleotide-binding domain of SUR1 or the Kir6.2. But, it

cannot be excluded that taurine interaction with either

Kir6.2 or SUR1 may require the terminal 36 amino acids

that are deleted from the mutant Kir isoform.

The inhibitory effect of glybenclamide on native b-cell

KATP channel was potentiated in the presence of taurine.

Recent studies have revealed that SUR1 has two binding

sites for glybenclamide: a sulfonylurea-binding site and a

benzamido-binding site. These loops lie in close proximity

in the three-dimensional structure of the KATP channel

[29]. In contrast, SUR2A in cardiac and skeletal muscles

Fig. 6. Effect of taurine pretreatment on the glybenclamide-induced increase in [Ca2þ]c. (a) The [Ca2þ]c levels induced by a serial application of

glybenclamide without (*, N ¼ 22) or with taurine pretreatment ( : 0.3 mM, N ¼ 15; *: 3 mM, N ¼ 19). Each experimental data point represents the

mean calculated from at least 20 to 30 individually measured cells from three separate cultures. (b) Relative response of [Ca2þ]c to various doses of

glybenclamide without (&) or with taurine pretreatment ( : 0.3 mM; &: 3 mM). [Ca2þ]c measured in the presence of glybenclamide was normalized with

that measured before glybenclamide exposure at each group. Data were collected during the last 30 s at each period. The symbols represent the normalized

mean, and vertical bars indicate SEM. The dashed line indicates the level of [Ca2þ]c before glybenclamide application. #P < 0:05; 
P < 0:05 vs. the value of

no taurine group at the same concentration of glybenclamide using analysis of variance followed by test of Dunnett.

Fig. 7. Insulin secretory capacity of islets in response to glybenclamide

without (&) or with taurine pretreatment ( : 0.3 mM; &: 3 mM). The

mean of data from three consecutive batches with the same condition was

taken as one data point. The number of data points is given above each bar

of the mean and SEM, obtained in at least three separate experiments.
#P < 0:05; 
P < 0:05 vs. the value of no taurine group at the same

concentration of glybenclamide using ANOVA followed by test of

Dunnett.
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has only the benzamido-binding site [34]. The b-cell

specific sulfonylureas that bear only sulfonylurea moiety

in molecules, such as gliclazide, tolbutamide, etc. may be

bound to only the former binding site. It has been reported

that the KATP channels (Kir6.2/SUR2A) in skeletal muscles

were more sensitized to glybenclamide in the presence of

taurine, suggesting taurine can interfere with the benza-

mido-binding site. We tested gliclazide, which is proposed

to act only the sulfonylurea-binding site on SUR1 [35], and

observed that the gliclazide sensitivity of KATP channels

would not be enhanced by taurine in contrast to that of

glybenclamide. These findings suggest that taurine may not

interact with the sulfonylurea-binding site on SUR1, but

interacts with the benzamido-binding site.

Taurine affects many different ion channels in cell

membranes including the Naþ, Ca2þ, Cl�, and Kþ chan-

nels, but it is difficult to identify taurine-binding sites on

these ion channels. Indeed, high-affinity taurine-binding

sites have only been identified on Naþ-dependent and -

independent taurine transporters that mediate taurine influx

[36] and efflux [37], respectively. Low-affinity taurine

binding is reported for the neutral membrane phospholi-

pids [6], and may alter membrane architecture and fluidity.

In skeletal muscle fibers, the inhibitory effect of taurine on

KATP channel activity is independent of the functional state

of the channel [14]; supporting the notion that taurine may

allosterically modify the KATP channel activity by binding

to the polar phase of the membrane phospholipids that are

functionally related to the SUR.

In conclusion, the b-cell-type KATP channel (Kir6.2/

SUR1) is directly inhibited by intracellular taurine. The

mechanism of taurine action may be mediated through the

benzamido-binding site on SUR1, but not Kir6.2.
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