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Permeability properties of skeletal muscle ATP-sensitive K* channels reconstituted
into planar lipid bilayer
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Abstract . Properties of unitary ATP-sensitive K channels were studied using planar lipid bilayer
technique. Vesicles were prepared from bullfrog (Rana catesbeiana) skeletal muscle. ATP-sensitive K* (K
(ATP)) channels were identified by their unitary conductance and sensitivity to ATP. In the symmetrical
solution containing 200mM KCI, 10mM Hepes, ImM EGTA and pH 7.2, single K(ATP) channels
showed a linear current-voltage relations with slight inwerd rectification. Slope conductance at reversal
potential was 60.1£0.43 pS(n=3)). Micromolar ATP reversibly inhibited the channel activity when ap-
plied to the cytoplasmic side. In the range of 50~ +50 mV, the channel activity was not voltage-depen-
dent, but the channel gating within a burst was mare frequent at negative voltage range.

Varying the concentrations of external/intemal KCl(mM) to 40/200, 200/200, 200/100 and 200/40
shifted reversal potentials to -30. 8 +2.9(n=3), -1. 1 £2.7(n=3), 10.5 and 30. 6(mV), respectively.
These reversal potentials were close to the expected values by the Nemst equation, indicating nearly ideal
selectivity for K* over Cl'. Under bi-ionic conditions of 200mM external test ions and 200mM internal
K™, the reversal potentials for each test ion/K pair were measured. The measured reversal potentials were
used for the calculation of the releative permeability of alkali cations to K™ ions using the Goldman-
Hodgkin-Katz equation. The permeability sequence of 5 cations relative to K* was K* (1), Rb™(0.49),
~Cs*(0.27), Nat(0.027) and Li*(0.021). This sequence was recognized as Eisenman’s selectivity sequ-
ence IV. In addition, modelling the permeation of K™ ion through ATP-sensitive K™ channel revealed
that a 3-barrier 2-site multiple occupancy model can reasonably predict the observed current-voltage rela:

tions.
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Fig 1. Current records of a single K (ATP) channel
from bullfrog skeletal muscle incorporated into a
POPE/POPC lipid bilayer. Open and closed states
are indicated by the letter “o and ¢”, respectively and
outward currents are plotted upward. The solution on
both sides of the bilayer was 200mM KCI, 10mM,
HEPES-NMDG, 1mM EGTA, pH 7.2. The current
records are filtered at 100 Hz(8-pole Bessel filter, -3
db corner frequency) and digitized at 2 KHz.

ot 2

Fig 2v K(ATP)S 29 A/ A #AE Y
Bl gz 2 A ofzke] WA #Hol o] vehtn
Aok FEYEo] TUFT AFAL AHEIFY R, A9
+= 200mM KCl, 10mM HEPES-NMDG, 1mM EGTA
(pH 7.2) 7} £33 o] 31t} Slope conductances &3
3 (-60 ~ -30mV) T Ztoll A & 71 3pS, A (40 ~
80mV) FZrol A= 51.7pSolith. K(ATP)E29) 37}
2| B4 1 BAo] AlTho] Aol whe} 373 A3}
¥ “rundown” @ olth ¥ B AFNE ol F dY &
#HEAS = Ao A AHATL AN 52
2 v} S S AH AR E AA A FL). ool
2o gA4o) ¢tAHA &7 Eo] T o)
o thg A A2 kinetic analysise &3] &3kch.

ATP-sensitive KY 2% I o] &4 Yehde uhx
W ATPol 95t 1 gAdo] AdAjslojof gttt Fig 3A
= ATP 300 # M(disodium salt) & F& ¢ZFo) 243}

Single channel current(pA)

~ N 1
-120 -80 40 0 40 & 1220

Membrane potential(mV)

Fig 2. Cument-voltage relations for K (ATP) channels
in symmetrical 200mM KCl. Unitary currents were
measured at various voltages in the solution contain-
ing lmM EGTA, 10mM HEPES-NMDG, 200Mm
KCl, pH 7.2. Data points are means of 3 experiments.
Slope conductance at reversal potential is 60.1. Error
bars not shown are smaller than symbols. Solid line is
drawn by eye.
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Fig 3. Concentration-dependent and reversible inhibition of K(ATP) channels by internal ATP. A, ATP(300 #M)
reversibly inhibited the K(ATP) channel from frog skeletal muscle. Currents were recorded at 0 mV in 40 mM
external and 200mM intemnal KCl. Outward currents are plotted upward. The channel activities, quantified by
measuring NPo for 1.5~3 minutes, during control period, in the presence of 300 #M ATP and after washout were
047, 0.12 and 042, respectively. Stock disodium ATP(pH 7.0 with KOH) was added to the cytoplasmic side and
washed out by perfusing the chamber(1. 2m¢) with 12 mé of 200mM KCI buffer solution. B, Dose-dependent in-
hibition of the activity of K(ATP) channel by 10, 50 and 150 #M internal ATP. Averages of 3, 2 and 6 experi-

ments, respectively.

Table 1. Reversal potentials at various potassium gradients

[K*)o/[K*]i*  Reversal potential(n) Theoretical
40/200mM -30.842.9mV (3) ~34.5mV
200/200 - L1227 (3) 0
200/100 10.5 (1) 15.3
200/40 30.6 (1) 34.5

* Activity was used in actual calculation.
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Fig 4. A, Single channel current-voltage relations at various external and internal K™* concentrations. The concen-
trations of external/internal KCI{(mM) are 40/200( O, n=3), 200/200( ®, n=3), 200/100(%7, n=1) and 200/40
(w, n=1). Solid lines are drawn by eyes. B, Relation between reversal potentials and K* concentration. Rever-
sal potentials obtaines from the experiment shown in Fig 5, are plotted against the activity ratio of external K*, A
(K., to internal K*, A(K,). Error bars(SEM.) not shown are smaller than symbols. Solid line is drawn by
linear regression (correlation coefficient=0. 999). Dashed line is the prediction by Nemst Equation for K* selec-

tive electrode.
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Fig 5. Current voltage relations of K(ATP) channels u-
nder nearly bi-ionic conditions. Alkali cations
(200mM) in extracellular side are NaCl([], n=5),
LiCl(w, n=5), CsCl(O, n=4), RbCl(4 n=3) and
KCl(®, n=3) with 200mM KCl in intracellular side.
The respective reversal potentials are . -90. 8+ 3. 83,
-96.5+2.94, -33.68+2.1, -18.6+0.8lmV, and -1.1
+ 2. 7. K (ATP) channels were incorporated in
200/0mM KCl gradient. Then, the salt concentration
of test ions were raised to 200mM by adding 3M
stock solutions.
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Fig 6. Best-fit energy barrier profiles for K* that predict
permeation through K(ATP) channels. A, Parameters
of the three barrier two site model for an unoccupied
channel at 0 mV ! Gy, G, and Gs, peak energies ; U,
and U,, well energies ; D, ~ Dy, fractions of electrical
distances with respect to the inner and outer solutions.
B, Best-fit energy profiles of K(ATP) channel at 0
mV for K obtained from the data points shown in C.
The best fit parameters for K* obtained from the data
points shown in C. The best fit parameters for K are

1 G1=009, G,=-576, G3=093, U;=-13.14, U,
=-12. 85, Dy=0. 1667, D,=0. 1636, D3=0. 1667,
D4=0.1666, D5=0.1713 and Dg=0.1651. The solu-
tion reference state is 55.5 M.
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Fig 7. Comparison of current-voltage relations obtained
from experiments (symbols) and those predicted by
three-barrier two-site model with best fit parameters
shown in Fig 6B (solid lines). © 40mM
external/200mM internal ; ¥ 1 200mM symmetrical
KCL
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