Volume 313, nwnber 2, 148-130 FEBS 11696
© 1992 Federation of European Biocheimical Seciglies 00145793/92/55.00

Wovember 1992

ATP-sensitive K *-channels in the human adult ventricular
cardiomyocytes membrane

Andrew P. Batenko®, Vladimir Q. Samoilov®, Svetlana T. Kazantseva® and Yuri L. Shevchenko®

“Laboratory of Biophysies of Living Cell and *Clune of Cardiovascutar Surgery, Russtun Mititary-Medical Academy, St. Petersburg,
Russia

Received 17 July 1992

Lsing the patch-clump methed in 27 difTerent 1side-out patches it was shown [or the first time that they defined the basic parameters of the

functioning of single ATP-sensitive K* channels in the human adult ventricular cardiomyocyles membrane, At [K*], = 140 mM single channel

conduciance (over 1he linear part of the 2-F relation) reaches 100 pS. The possibility of the existence of these channels® conductance sublevels as

well as the cluster character of tlieir localization in sarcolemma is shiown. The channel aclivity demonstrates an obvious run-down with 7 at about
a minute The analysed channels possess one open and (wo closed states.

ATP-sensitive K -channel, Human adult venuieuler cardiomyocyte

l. INTRODUCTION

The extreme growth of the appearance of a great
number of experimental works devoted to ATP-sensi-
tive K* channels in the cardiomyocytes membrane [1-9]
is to a great degree explained by the desire to find out
the molecular mechunisms of potassium permeability
change in case of the exhaustion of the ATP storage in
them. Though the importance of such research works
for experimental and clinical cardiology is difficult to
undersstimate the peculiarities ol single ATP-sensitive
K™ channels in the human adult ventricular cardiomy-
ocytes membrane have not yet been characterized. This
research is particularly necessary as the currents
through these channels possess some species variations
(1,2,5,10].

2 MATERIALS AND METHODS

Individual eardiomyocytes were isolated [rom myocardium taken
from 14 patients at the age of 6-43 years who were undergong Lhe
surgical treatment for the following diseases: interventricular septal
defeet, mitral valve defect, Fallot’s tetrad, ete.

Alfter isolation fragnients of ventricular Lissue of about 10 % 10 % 10
mm were rinsed in a saluraled gas mixture of 95% O, and 59 COs at
roon lemperature (21-23°C) mn a medium for the preparation of
ciurdiomyccytes (MPC; containing (in mM): NaCl 100, KCl 10,
KH.PO, 1.2, MgSO, 5, glucose 20, taurine 30, MOPS 10, pkl 7.2) with
CaCl, in the concentration 140 gM and 5% fetal bovine serum. The
period of time from the isolation of tissue to the beginning of treit-
ment was not more than 10 min, All the following manipulations
during the czll isolatien were made at a temperature 37°C
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Tissue was transferrecl 1nto a Itesh poruon of the same mediuni and
minced nto 2-3 mm pieces with scissors Afterwards the medium was
iemoved and disearded. Tissue was tieated initially for 2 min with
MPC with EGTA (0.08%) and CaCl, at a conceintration 140 u™. Then
tissue was transferred into a specially designed disaggregation vessel
[11] contgining 4 m] al 0.1% collngenase 1ype A, 0.02% pranase E,
0 19 albummn bowine fraction ¥ and CaCly at a concenlration of 140
H#M i MPC and treated for 10 mun. The medium containing isolated
myocytes was then centriluged at 70 x g for 10 nun at room tempera-
ture. The centrifuged medium was decanted leaving a loose pellet of
cells which was gently resuspended in 2 mi of MPCand stored at rooin
temperature. Three umes repeution of the procedure helped actueve
60-70% tissue disaggiegation The separation of the cardiomyocytes
from other cells and debris ln the received suspension was conducted
by means of sedimentation in the 5% sclution of the BSA [lraction ¥
in the MPC at 1 g dwing 10 min at the average rocm tempeiature,
The separated suspension ¢ontamied 40-50% cardiomyoeytes with the
in vivo morphelogy, which were used in the electrophysiologieal ex-
periments, The resiing potential evaluated in whole-cell patch mode
by means of the patch-clamp method [12] was equal to 68 £ 3 mV
(mean £ 5.D., » = 6) lor such cells

Sinpgle ion channel 12cords were obluined fiom excised luside-out
membrane patches [12] a5 has been described befoie [9). The pipeites
were filled ¢ither with MPS wilh 1| mM CuaCl; or wilh the K, solution
containing (tn M) KC1 140, MOPS 10, CaCl; 1, MgCl, 1, pHU 7 2
The bath X, solution contained (in mM): KCI 140, HCI 70, MOPS 10,
CaCl, 0.3, EGTA 5, pH 7.2. ATP was obtained from Sigma. All
experiments were ¢onducted al room lemperature (21-23°C).

3. RESULTS

The current through single ATP-sensitive K™ chan-
nels appeared afier the transition from the ¢ell-atlached
mode into the inside-out mode (in 27 out of 136 ditfer-
ent membrane patches) with the time delay reaching
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ATP (produced with the K, solution) applied en the
inner side of the membrane patch showed that with the
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Fig |. Properties of ATP-sensitive K*-channels in the human adult
ventricular cardiomyocyles membrane (A) Blocking of the channel by
ATP upplication on the inner side of the membrane pateh. The dolted
line (here and further) indicdtes the zero current level, the upward
deviation corresponds Lo outward current. (B) Current-voliuge ielas

tions, nxside-out patch made. {(C) The existence of the single channel
conductance sublevels.

ATP concentration of 2 miM the complete reverse
blocking of channel develops in all the cases (Fig. 1A).

Current-voltage relations (Fig. iB) demonstraled
their saturation in the outward direction al the level of
about 3 pA (in case of the physiological K* concentra-
tion relation at the outside ([K*],) and inside ([K*])
membrane surface, together with the inward rectifica-
tion which is distinetly seen for the more symmetrical
case in [K*]. Here the single channel conductance value
defined according over the linear part of /- relation in
average was equal to 85 £ 2 pS (mean = SD, 1 =4). In
some experiments the sublevels wiih the less channel
conductance (Fig. 1C) were registered, though under
such conditions the possibility of their appearance was
smali.

The analysis of the current kinetic characteristics wus
complicatad because of the presence as usual of several
channels in one path, It was only in 4 experiments that
we managed to record the activity ol a channel. This
example isshown in Fig. 2. It is seen that the peculiarity
of the burst kinetics of the currents is a better expression
of the transitions into short elose states within the bursts
tor inward curients. The evaluation of kinetic parame-
ters was complicated because of the extreme (7 ranging
un to 1 min) run-down inactivation {Fig. 3). For the
calculation of the channel open and closed state dura-
tions, distribution fragments ol recordings of their ac-
tivity only during the first minute were taken. In this
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Fig. 2. Curreni recordings through the single channel. The shown

recordings of the outward currents (the 2 upper traces) ware recorded

during the first minute of ¢hannel activity, the inward ones (2 lower
traces) during Lthe second nunute.
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case they were well approximated by one and a sum of
two exponents for open and closed states, respectively.
At the membrane potential of O mV, [K*], = 10mM and
[K™], = 140 mM r, value was equal (on average) 10
656137 ms, 2,=24 %05 ms and 7,=390x11.2
ms (mean £ SD, n = 4).

4, DISCUSSION

The comparison of the characteristics observed with
the given ones for the analegous channels in the sar-
colemma of cardiomyocytes of different animals show
their likeness in the ATP concentration, sufficient for
full ehannel blocking [1,3,13] and in differences of con-
ductance and burst Kinetics for inward and outward
currents {1,2,14]. The analysed channels possess the
[K*],-dependent conductance which surpasses the value
calculated according to the equation (7] corresponding

1 min 2 min, S min.
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Fig. 3. The sequence of amplitude Listograms illustrating the £, de-
crease, conditioned by the run-down. Every histogram was cblained
wilile analysing the fTagmonts of uninterrupied puich current record-
ing corresponding 1o the first, the second and the fifth minules of ils
actvily, The canditions of the registration of the cutward currents, as
for the ease shown in Fig. 2, are holding eurrent 15 equal 1o -3 mV
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10 the previously received data [2,15]. The presence of
the run-down of these channels® activity (in comparison
with other data [3,6,8]) may be estimated as the evidence
of a still preater dependence of ATP-sensitive K™ chan-
nels functioning upon the completeness of regulation
mechanisms inherent to an intact cell. The registered
conductance sublevels analogous Lo that previously
found in the channels of this type in the guinea-pig
ventricular cardiomyocytes sar¢olemma [2] remind us
again about the necessity of the carrying out the system-
atic analysis of this irregular property [7]. Besides it is
impossible to overlook oneg more peculiarity of their
functioning. On the one hand, the analysed channels
have been found only in every fifth patch (on average).
On the other hand, there were several channels in a
greater portion of ‘active’ membrane patches {as has
already been observed [8]). It would be natural to pre-
sume that it should be conditioned by the cluster local-
ization of ATP-sensitive K™ channels in the human
adult heart cell membrane.
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