
1 Volume 2018; Issue 02

Current Research in Biopolymers

Research Article

How Many Properties has Mitochondrial KATP Channel?

Akopova OV. Curr Res Biopolymers: CRBP-110.

Olga V. Akopova*

Department of Circulation, Bogomoletz Institute of Physiology, NAS of Ukraine, Kiev, Ukraine

*Corresponding author: Olga V. Akopova, Circulation department, Bogomoletz Institute of Physiology, NAS of Ukraine, Bogomo-
letz str. 401601, Kiev, Ukraine. Tel; +380-442562496 Email: ov_akopova@ukr.net/ olga.akopova01@mail.ru

Citation: Akopova OV (2018) How Many Properties has Mitochondrial KAPT Channel?. Curr Res Biopolymers: CRBP-110. DOI: 
10.29011/CRBP-110. 000010

Received Date: 11 December, 2018; Accepted Date: 26 December, 2018; Published Date: 31 December, 2018

DOI: 10.29011/CRBP-110. 000010

Abstract 
KATP channels are ubiquitously present in plasma membranes and mitochondria of mammals. While sKATP channels 

were exhaustively described in the literature, there is still lack of the data on molecular composition, properties and functions 
of mKATP channel. Moreover, there is no consensus on the mechanism of mKATP channel opening by KATP channels openers 
(such as diazoxide and pinacidil) and blocking by mKATP channels blockers (sulfonylureas and 5-hydroxydecanoate) possibly 
because of multiple off-target effects of pharmacological modulators of mKATP channel activity. This paper is a brief overview 
of some controversial issues in the current knowledge on the properties and functions of mKATP channels.
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Introduction
Mitochondrial KATP Channel (mKATP channel) is well 

acknowledged target for cardio- and neuro-protection under 
several metabolic stress conditions [1,2]. Pharmacological KATP 
channels openers were shown to be effective in the prevention 
of cell death caused by ischemic and hypoxic conditions and 
the action of cytotoxic agents [1-5]. However, one of the main 
limitations in the application of these drugs in clinics is their 
poor selectivity towards different isoforms of KATP channels 
and multiple off-target effects. However, the design of more 
selective pharmacological modulators of mKATP channels is 
largely prevented by still unknown molecular composition, poor 
knowledge of tissue-specific isoform distribution, and the lack of 
knowledge on the functions of these channels. 

One obvious oddity in the present knowledge on mKATP 
channel is the controversy regarding the subunit composition and 
basic mKATP channel properties related to its interaction with 
physiological ligands (Mg2+, ATP, GTP) and pharmacological 
modulators of the channel activity, openers (such as diazoxide and 
pinacidil) and blockers (glibenclamide and 5-hydroxydecanoate, 
5-HD). This largely prevents the progress in the understanding of 
physiological functions of mKATP channels, the mechanisms of 
their involvement in cytoprotection, and the mechanisms underlying 
cytoprotective effects of physiological mKATP Channels Openers 

(KCOs) under pathophysiological conditions.

Despite multiple studies since the discovery of mKATP 
channel in 1991 [6], there is still plenty of gaps in the knowledge 
on the properties of mKATP channel, and the mechanisms of 
cytoprotection afforded by pharmacological mKATP channel 
openers. The contemporary data on the structure and functions of 
plasmalemmal and mitochondrial KATP channels are reviewed 
in detail in [7-11]. The aim of this work is a brief overview of 
some controversial issues in the present knowledge on mKATP 
channels.

Molecular Composition and Spatial Organization 
of mKATP Channels

Molecular composition of mKATP channel thus far remains 
undisclosed, and the knowledge on mKATP channel structure 
and functions for the most part was obtained from the studies of 
plasmalemmal KATP channels (sKATP channels). Most recent 
data on the structure, properties and functions of sKATP channels 
was reviewed in detail by Foster and Coetzee [9].

In brief, KATP channels are octameric macromolecular protein 
complexes composed of four pairs of potassium conductant Kir 
subunits (Kir6.x), which are inward rectifier K+ channels, bound to 
receptor SUR subunits, which known isoforms are SUR1, SUR2A 
and SUR2B [7-9,12]. An assembly of Kir and SUR subunits is 
required for KATP channel opening by pharmacological openers 
(KCOs) and blockage by pharmacological blockers [9,12]. SUR 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Foster MN%5BAuthor%5D&cauthor=true&cauthor_uid=26660852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coetzee WA%5BAuthor%5D&cauthor=true&cauthor_uid=26660852
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subunits of sKATP channels comprise 17 transmembrane segments assembled in three transmembrane domains (TMD0 (segments 1-5), 
TMD1 (segments 6-11) and TMD2 (segments 12-17)) [8,9] schematically shown on the (Figure 1). SUR subunit, which is the receptor 
for sulfonylureas (glibenclamide, tolbutamide), binds pharmacological KATP channels openers (pinacidil, nicorandil, chromakalim, 
diazoxide) and the blockers, whereas ATP blocks both sKATP and mKATP channels directly binding to K+ conductant Kir subunits 
[9,13]. In sKATP channels ATP binding site is localized on the cytosolic side of plasma membrane [9]. Convincing evidence was 
obtained that mKATP channel too is blocked by ATP from the cytosolic side of mitochondrial membrane [14].

Figure 1: Schematic representation of molecular composition and the regulatory sites of KATP channels. sKATP channels are composed of four 
pairs of Kir6.x and SURx subumits forming an octameric multiprotein complex. SUR comprises 17 transmembrane segments assembled in 3 domains 
(TMD0 (segments 1-5), TMD1 (segments 6-11) and TMD2 (segments 12-17)). SUR binds KCOs and pharmacological blockers, whereas ATP blocks 
both sKATP and mKATP channels binding to Kir subunits [9, 13] from the cytosolic side of plasma membrane [8, 9] and mitochondria [14]. SUR1 has 
two sites for diazoxide binding; high affinity site is formed by TMD1 and NBD1. SUR2A binds diazoxide at the site formed by NBD2 and C-tail [16]. 
In mKATP channels, Kir6.x, Kir1.1 (ROMK), and Kir3.x were proposed as a pore-forming subunits, and splice variant of SUR2 (short form, SUR2A-
55) was proposed as a receptor subunit. It is supposed that the regulatory sites of mKATP channel (binding ATP, KCOs and pharmacological blockers) 
face the cytosol [14, 19]. 

SUR belongs to so-called ATP-Binding Cassette (ABC) 
proteins and possesses intrinsic MgATPase activity. However, 
different of other ATP-binding proteins, MgATPase activity of 
SURs is not coupled to the transport properties [12]. Two Nucleotide 
Binding Domains (NBD) of SUR form an ATP-binding pocket 
comprising one lysine and one aspartate residues critical for the 
binding and hydrolysis of ATP. MgATPase activity was shown to 
be required for the binding of pharmacological ligands. While ATP 
blocks the channel by binding to Kir subunit, SUR subunit plays 
a regulatory role in ATP binding. Coexpression of Kir and SUR 
subunits enhances the potency of ATP block several folds [15].

KATP channels differ in their tissue-specific isoform 
distribution and the sensitivity to pharmacological ligands. Binding 
sites for diazoxide (most studied of pharmacological KCOs) are 
different in SUR1 and SUR2 subunits, which also differ in their 
affinity to this drug [9]. It was shown that high affinity site for 
diazoxide binding in SUR1 is formed by TMD1 domain and NBD1 
fragment [7-9]. In SUR2, less sensitive to diazoxide, binding 
site is composed of amino acids of C-terminus and NBD2. The 
activation of SUR2A-containing channels required the presence 
of ADP, while the activation of channels formed by SUR1 and 
SUR2B did not [16]. The binding of pharmacological openers 
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of KATP channels needs a conformational change induced by 
ATP hydrolysis in NBD domains, and C-terminus of SUR affects 
KCOs affinity [15,17]. Requirement for ATP was shown for KCOs 
binding to SUR1, SUR2A and SUR2B. Diazoxide, similar to 
other KCOs, requires intrinsic MgATPase activity to elicit full 
stimulatory response [15,17].

Sulfonylureas binding pocket comprises multiple sites, 
and for glibenclamide binding high affinity sites within TMD2 
domain and cytosolic loop between TMD0 and TMD1 regions 
were identified. However, full channel blockage by glibenclamide 
requires the interaction of four binding sites of the octameric 
protein complex of sKATP channel [9].

Much less is known on spatial organization and subunit 
composition of mKATP channel. Kir6.x, Kir1.1 (ROMK), and 
Kir3.x were proposed as a candidate for a pore-forming K+ 
conductant subunit of mKATP channel [8,9], and splice variant 
of SUR2 (short form, SUR2A-55) was proposed to compose a 
receptor subunit of mKATP channel [18]. SUR2A-55 lacks first 
transmembrane domain and has only second NBD fragment 
(NBD2). It exhibited biophysical properties of full KATP channel 
when coexpressed with Kir6.1 and Kir6.2, however showed less 
sensitivity to ATP, diazoxide and glibenclamide [18].

It is supposed that the regulatory sites of mKATP channel 
face the cytosol, and convincing evidence was obtained that ATP 
and other nucleotides binding sites in mKATP channel are localized 
on the cytosolic side of mitochondrial membrane [14]. mKATP 
channel activity is regulated by Mg2+, which blocks the channel 
with IC50 ~1mM from the matrix side [19]. Considering opposite 
direction of potassium transport via sKATP and mKATP channels, 
it is tempting to speculate that spatial organization of mKATP 
channel, accordingly, should “mirror” that of sKATP channel 
(Figure 1). However, thus far no reliable information on the topology 
of binding sites for pharmacological KCOs and the blockers of 
mKATP channels was obtained, and molecular composition of 
mKATP channel too remains unknown. Nevertheless, while the 
above notions on molecular organization of KATP channels were 
obtained for sKATP channels, this information was helpful for 
an understanding of the basic properties of mKATP channels. 
Molecular composition and the regulatory sites of KATP channels 
are schematically represented on the (Figure 1).

KATP channels are composed of four pairs of Kir6.x and 
SURx subumits forming an octameric multiprotein complex. 
SUR comprise 17 transmembrane segments assembled in 3 
domains (TMD0 (segments 1-5), TMD1 (segments 6-11) and 
TMD2 (segments 12-17)). SUR binds KCOs and pharmacological 
blockers, whereas ATP blocks both sKATP and mKATP channels 
directly binding to Kir [9,13]. ATP binds from the cytosolic side 
of plasma membrane [8, 9] and mitochondria [14]. SUR1 has two 
sites for diazoxide binding; high affinity site is formed by TMD1 

and NBD1. SUR2A binds diazoxide at the site formed by NBD2 
and amino acids of C-tail; the activation of SUR2A-channels 
requires ADP [16]. In mKATP channels, Kir6.x, Kir1.1 (ROMK), 
and Kir3.x were proposed as a pore-forming subunit, and splice 
variant of SUR2 (short form, SUR2A-55) was proposed as a 
receptor subunit. It is supposed that the regulatory sites of mKATP 
channel (binding ATP, KCOs and pharmacological blockers) 
face the cytosol [14,19]. Thus far no reliable information on the 
topology of the regulatory sites of mKATP channels was obtained, 
and molecular composition of mKATP channel still remains 
unknown.

The Properties of mKATP Channels
This issue possibly is most controversial of what is known of 

mKATP channels. This regards mKATP channel interactions with 
physiological (Mg2+, ATP, other nucleotides) and pharmacological 
ligands: the openers (diazoxide, pinacidil, nicorandil, cromacalim) 
and the blockers: glibenclamide (which is non-selective KATP 
channels blocker) and 5-hydroxydecanoate (specific blocker of 
mitochondrial KATP channel).

Inoue who discovered mKATP channel by patch-clamping 
giant mitoplasts obtained from liver mitochondria was first to 
describe mKATP channel properties [6]. Later data obtained by 
Garlid’s and Szewczyk’s groups who studied channel in native 
mitochondria, reconstituted in planar lipid bilayers and liposomes 
greatly contributed to this knowledge by studying the interactions 
of mKATP channels with physiological ligands (Mg2+, ATP, GTP) 
and pharmacological agents. However, in most studies, including 
our own research, mKATP channel’s activity was assessed using 
indirect methods aimed at the evaluation of K+ uptake in isolated 
mitochondria. These indirect methods included light scattering and 
the study of K+ uptake using fluorescent probes (PBFI) [20,21] and 
fluorescent Tl complex [22].

As it was shown, in isolated energized intact mitochondria 
mKATP channel is in its open state and exhibits K+ conductant 
properties [20,23]. Channel conductance can vary from ~10 pS [6] 
to ~30-100 pS, which was explained by channel multimerization 
[13]. It is generally accepted that, similar to sKATP channels, 
the presence of Mg2+ and ATP which block an intact channel in 
native mitochondria is required for the opening and the blocking 
of mKATP channel by pharmacological agents. Also, it was stated 
that pharmacological ligands had no effect on mKATP channel 
activity in the absence of MgATP. The channel can be opened by 
KCOs only after the blocking of intact channel by MgATP, and 
pharmacological blockers are capable of blocking the channel 
only after its opening by KCOs in the presence of MgATP [20,23]. 
However, this issue still remains controversial. Worth notion that 
the properties of mKATP channel greatly differ, dependent on the 
preparations used to study mKATP channel activity.
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mKATP Channel Blocking by ATP
From the work of Inoue, et al. [6] who was first to describe 

mKATP channel in liver mitoplasts, it became known that mKATP 
channel is reversibly blocked by ATP (IC50 ~ 0.8 mM) from the 
matrix side. Mg2+ was not required for the blocking of the channel 
by ATP. After half-inhibition by 1 mM ATP, the channel was 
inhibited by 5 mM of 4-aminopyridine (the non-selective blocker 
of Kv channels) and 5 µM glibenclamide [6].

Later in the works of Garlid’s group, who studied mKATP 
channel reconstituted in planar lipid bilayers, liposomes and 
in isolated mitochondria, it was shown that channel properties 
were largely dependent on the channel preparations. Isolated 
Kir subunit (which was a 55-kDa protein obtained by ethanol 
extraction) showed biophysical characteristics similar to mKATP 
channel [13]. However, the channel properties in relation to ATP 
inhibition, activation and blockage by pharmacological agents 
greatly differed between the preparations studied. Thus, isolated 
Kir subunit was inhibited by ATP with low affinity (K1/2 ~600 µM), 
and the inhibition did not require the presence of Mg2+ similar 
to mKATP channel from the work of Inoue [13]. Meanwhile, in 
proteoliposomes obtained from liver mitochondria, ATP inhibited 
mKATP channel in the presence of Mg2+ (K1/2 ~22µM), and still 
much higher affinity for ATP inhibition was observed in intact 
mitochondria (K1/2 ~1µM). An evidence was obtained that ATP- 
and nucleotides binding sites are localized on the cytosolic side of 
mitochondrial membrane, i.e. face the intermembrane space [14], 
Mg2+ was indispensable for the ATP inhibition of mKATP channel, 
independent of the preparation used [13]. Also, an absolute 
requirement for Mg2+ and ATP was shown for mKATP channel 
modulation by pharmacological ligands.

The Effects of Pharmacological Ligands on mKATP 
Channel Activity

As it was first shown in the works of Garlid’s group, 
similar to the studies on ATP inhibition, mKATP channels in the 
intact mitochondria and the channels reconstituted in liposomes, 
greatly differed in their sensitivity to diazoxide and glibenclamide 
(most studied pharmacological ligands of KATP channels). In 
proteoliposomes [23] diazoxide opened mKATP channel in the 
presence of Mg2+ and ATP on sub-micromolar concentration 
level (K1/2 ~0.37 µM). Meanwhile, in the intact mitochondria 
much higher diazoxide concentrations were required for mKATP 
channel opening (K1/2 ~2.3 µM). As it was stressed in Garlid’s 
works, independent on the preparations, there was an absolute 
requirement of Mg2+ and ATP for the opening of mKATP channel 
by diazoxide.

In proteoliposomes [20], glibenclamide was capable of 
blocking mKATP channel in the absence of ATP with high 
affinity (K1/2 ~ 0.25 µM). The presence of ATP still increased the 

affinity of reconstituted channel to glibenclamide blockage (K1/2 
~0.09 µM). However, similar to the opener diazoxide, neither 
glibenclamide, nor selective mKATP channel blocker 5-HD were 
capable of blocking mKATP channel in the intact mitochondria 
when its open state was induced by the absence of Mg2+ and ATP. 
The presence of MgATP was an absolute requirement for the 
blocking of mKATP channel in mitochondria, after its opening by 
pharmacological (diazoxide) or physiological (GTP) openers in 
the presence of MgATP [20]. In mitochondrial preparations, the 
channel affinity to glibenclamide blocking was by the order lower 
than in proteoliposomes (K1/2~ 1-6 µM). This is compatible with 
the data on glibenclamide binding obtained by Szewczyk, et al. 
[19], which showed low affinity sites with Kd ~ 4 µM. Thus, Mg2+ 
and ATP were supposed to be indispensable for the blocking of 
mKATP channel in the intact mitochondria that was explained by 
the conformational changes making pharmacologically opened 
mKATP channel susceptible to the blocking by pharmacological 
blockers.

The data obtained in the works of Garlid’s group [13,20,23] 
clearly demonstrated that in a measure of the channel “purification” 
starting from the preparations of intact isolated mitochondria, 
and ending with isolated K+ conductant Kir subunit (mitoKir), 
the channels’ properties were changed significantly: sensitivity 
of the channel to ATP inhibition dramatically decreased from ~ 
1 µM (intact mitochondria) to ~600-800 µM (isolated mitoKir 
and, interestingly, the mitoplasts [6]), whereas “purified” channel 
was by the order more sensitive to pharmacological regulation by 
diazoxide and glibenclamide than intact one [23]. 

The experiments referred to clearly demonstrate the role for 
the membrane environment possibly decisive for the sensitivity 
of mKATP to ATP and pharmacological modulators. In the 
preparations used to study mKATP channels properties (isolated 
mitochondria, mitoplasts, proteoliposomes, isolated K+ conductant 
subunit) the channel was more or less devoid of its native cellular 
membrane environment by purification procedures. Meanwhile, the 
interaction of native channel with other neighboring proteins in the 
mitochondrial membrane or the neighboring microenvironment in 
the cell possibly is needed for the functional activity of the channel 
and its involvement in the mechanisms of cytoprotection in a living 
organism. The data on such interactions at present are too scarce. 
Thus far, it was found that KATP-channels mediated hypoxic 
preconditioning was mediated by heat shock protein HSP90 shown 
to be associated with Kir6.2 [24]. HSP90 activity was linked to 
mitochondrial targeting of Kir6.2. Down-regulation or inhibition 
of HSP90 abolished the preconditioning effect similar to mKATP 
channel blocker 5-HD [24]. The number of such proteins possibly 
is much greater, and their impact on the channel conformation in 
the membrane and the ability to interact with physiological and 
pharmacological ligands needs future evaluation.



Citation:Akopova OV (2018) How Many Properties has Mitochondrial KATP Channel?. Curr Res Biopolymers: CRBP-110. DOI: 10.29011/CRBP-110. 000010

5 Volume 2018; Issue 02

Direct and Off-Target Effects of Pharmacological 
Ligands of mKATP Channel

One questionable issue in the knowledge of mKATP channels 
properties remains the requirement for Mg2+ and ATP for mKATP 
channel interactions with pharmacological agents. Apart from 
the effect on mKATP channel activity, since the early works of 
Garlid’s group, it was stated that the presence of MgATP complex 
was an absolute requirement for any effect of KCOs (diazoxide, 
pinacidil), or the blockers (glibenclamide, 5-HD) on mitochondrial 
K+ transport and mitochondrial functions (respiration, matrix 
swelling, and Ca2+ uptake). However, literary data don’t show 
consensus regarding this issue. The matter is highly complicated 
by the off-target effects of pharmacological modulators of mKATP 
channel activity.

Pharmacological modulators of mKATP channels (most 
studied are diazoxide, pinacidil, and glibenclamide) are known 
to produce several off-target effects [11]. Of the side effects of 
diazoxide most known are protonophoric properties of this drug 
[25] and the ability to inhibit succinate dehydrogenase [26]. Also, 
ability of diazoxide to inhibit oxidative phosphorylation by the 
binding to F0F1 ATP synthase was shown [27]. The ability of this 
drug to activate other than KATP potassium channels, BKCa and Kv 
channels, of plasma membrane of smooth muscle cells too was 
reported [28]. Pinacidil too possesses protonophoric properties at 
high micromolar concentrations (above ~50 µM), and is known 
to inhibit complex I [29]. Glibenclamide is known to inhibit 
succinate-driven respiration, thereby inhibiting K+ and Na+ fluxes 
in mitochondria respiring on succinate in the absence of MgATP, 
but this was observed only at high concentrations (K1/2 ~20 µM) and 
ascribed to mitochondrial depolarization [19]. Also, glibenclamide 
was shown to interact with ATP/ADP antiporter [30], and, as we 
observed recently, inhibited oxidative phosphorylation in a way 
independent of mKATP channel blockage [31]. Other blocker of 
mKATP channel 5-HD was shown to be metabolized by acyl-CoA 
synthetase forming 5-hydroxydecanoyl-CoA, which in turn can 
inhibit β oxidation [29]. These off-target effects add uncertainty 
to the present knowledge on the mechanism of mKATP channel 
interactions with pharmacological ligands.

To avoid off-target effects of pharmacological modulators, 
it was proposed that relatively low concentrations (up to ~30 
µM for diazoxide and pinacidil and ~5-10 µM of glibenclamide) 
can be considered as “safe” for mitochondria [20,23]. However, 
“safe” concentrations of the drugs did not prevent their effects 
on mitochondrial potassium transport observed in the absenceof 
MgATP.

Ability of KCOs (diazoxide, pinacidil, cromacalim) to 
increase, and of mKATP blockers (glibenclamide, 5-HD) to block 
potassium transport in the intact isolated mitochondria without 
MgATP was shown in several works including our own research 

[32,33]. Susceptibility of mitochondrial ATP-sensitive K+ transport 
to the activation by KCOs without MgATP was observed in different 
tissues: heart [34,35], skeletal muscle [36], and liver [32]. Similarly, 
in the absence of MgATP glibenclamide and 5-HD partially 
blocked K+ transport in skeletal muscle [36], liver [32], and brain, 
in a measure comparable with mKATP channel activity [33]. While 
in most works referred to above high micromolar concentrations 
of the drugs were used, in our works, on the contrary, effects of 
diazoxide were observed on nanomolar scale [32]. Glibenclamide 
in our works too was effective at concentrations assumed to be safe 
for mitochondria (~5-10 µM). As we have shown [33], blocking 
effect of glibenclamide and 5-HD in native brain mitochondria 
was comparable to the estimates of mKATP channel activity in 
mitochondrial preparations [21,33]. Ubiquity of these phenomena 
is too obvious to consider it as an artifact, coincidence, or merely 
off-target effects. As we have shown earlier [37], diazoxide too 
was capable of activation of ATP-sensitive K+ transport without 
MgATP. However, it is still unclear, whether described phenomena 
reflect the effects of the drugs on mKATP channel activity, and, if 
so, what molecular entity in mitochondrial membrane represents 
ATP-sensitive K+ transport susceptible to the activation by KCOs 
and the blockage by mKATP channels blockers in the absence of 
MgATP?

While there is still lack of reliable data to resolve this 
problem, as a plausible explanation for such controversy in the 
basic properties of mKATP channel reported in the literature, 
we can propose that 1) either mKATP channel possesses certain 
not yet disclosed properties, which could explain its sensitivity 
to KCOs and the blockers in the absence of MgATP; or 2) 
mitochondrial membrane possesses certain not yet disclosed 
type or the population of ATP-sensitive K+ channels exhibiting a 
sensitivity to pharmacological ligands of mKATP channel without 
MgATP. Several proteins or protein complexes were proposed to 
play the role of “mKATP” channel. These hypotheses are worth to 
be considered in brief.

How Many ATP-Sensitive K+ Channels are Present in 
Mitochondria?

Thus far, different hypotheses were proposed on the 
molecular nature of mKATP channel and different proteins were 
proposed to play this role. 1) As a receptor SUR subunit, it was 
proposed that a splice variant of SUR2 (SUR2A-55) identified in 
heart and brain mitochondria can represent a regulatory subunit of 
mKATP channel [18]. SUR2A-55 lacks the first, but retains second 
nucleotide binding domain. Its multimerization is needed to exhibit 
biophysical properties of “full” KATP channel [18]. However, by 
pharmacological properties this channel was markedly different 
of mKATP channel, and was reported to be 70-fold less sensitive 
to ATP and relatively insensitive to diazoxide, pinacidil and 
glibenclamide [18].
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2) As an alternative to K+ conductant Kir6.x, K+ conductant 
Kir1.1 (renal outer medullary potassium channel, ROMK) was 
proposed to represent pore-forming subunit of mKATP channel 
[38]. The expression of different ROMK isoforms was found in 
heart, liver and brain mitochondria [38]. Identity of ROMK with 
mKATP channel at functional level was argued by the sensitivity 
of mKATP channel to ROMK blocker honeybee venom tertiapin 
Q. Meanwhile, pharmacological properties of ROMK too differ of 
the properties of KATP channels.

Recent studies [22,39] raised still more doubts regarding 
molecular composition of mKATP channel and the mechanism of 
its response to diazoxide. As it was shown by Wojtowich, et al. [22], 
cardioprotection afforded by diazoxide required K+ conductant 
Kir6.2 subunit, while it was dispensable for K+ conductance 
stimulated by the same drug in mitochondria. In other study [39], 
it was shown that mitochondrial swelling induced by diazoxide 
involved none of Kir subunits belonging to ROMK channel 
(Kir1.1, Kir3.1, and Kir3.4,), which was proposed as putative 
K+ conductant subunit of mKATP channel [38]. Thus, it remains 
uncertain, which Kir subunits compose mKATP channels, which 
interact with diazoxide and glibenclamide, and whether mKATP 
channel is composed of the assembly of SUR/Kir subunits. We 
suppose that data showing the ability of KCOs to elicit K+ uptake 
in the absence of MgATP are compatible with the above findings 
that K+ current elicited by these drugs does not require any of Kir 
subunits.

Thus, molecular entity of either Kir, or SUR subunits of 
mKATP channels, even in the best studied heart mitochondria, 
largely remains unknown. The studies are still more complicated 
because of the possible expression of several splice variants of KATP 
channel with different biophysical or pharmacological properties 
[40]. Of the properties of mKATP channel that distinguish it from 
sKATP channel the coupling of channel activity to the complex 
II (succinate dehydrogenase, SDH) should be mentioned [41]. 
In this context, it worth mention that one of the hypotheses on 
the molecular composition of mKATP channel proposed that 
channel is a multiprotein complex formed by four mitochondrial 
proteins: mitochondrial ATP-binding cassette protein 1 (mABC1), 
phosphate carrier, adenine nucleotide translocase, and ATP 
synthase associated with SDH [42].

Conclusion
The summary of the present knowledge on ATP-sensitive 

K+ transport allow us hypothesize the presence of different types 
of ATP-sensitive K+ conductance and, possibly, different types 
(or populations) of ATP-sensitive K+ channels simultaneously 
present in mitochondria. These different types of ATP-sensitive 
K+ conductance can play a role of “mKATP channel” and respond 
to different pharmacological and physiological stimuli, in a way 
dependent on tissue type and pathophysiological conditions.

The presence of different types of ATP-sensitive K+ channels 
is one of the plausible explanations for the controversy of the 
data on basic mKATP channels properties. If so, physiological 
relevance of what is supposed to be “mKATP channel” needs to be 
reevaluated. However, we suppose that “basic” protection afforded 
by bioenergetic effects of potassium transport (mild uncoupling, 
modulation of ROS production, Ca2+ transport and ATP synthesis) 
is not much dependent on the type of K+ conductance present in 
mitochondria, and there is no doubt in physiological relevance 
of ATP-sensitive K+ transport. Disclosure of the molecular 
composition of these channel(s), their properties and cell-specific 
distribution will help bring new insight in the understanding of 
physiological functions of ATP-sensitive K+ channels in a living 
organism.
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