
Basic and Clinical

1017

November & December 2025, Vol 16, No. 6

Research Paper
A New Potassium Channel on the Endoplasmic 
Reticulum Membrane in a Rat Brain: 
Electropharmacology and Molecular Evidence

Maryam Nazari1, Afsaneh Eliassi2, 3, Reza Saghiri4, Farnaz Nikbakht5 , Javad Fahanik-babaei6*  

1. Department of Physiology, School of Medicine, Arak University of Medical Sciences, Arak, Iran.
2. Neurophysiology Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
3. Department of Physiology, School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
4. Department of Biochemistry, Pasteur Institute of Iran, Tehran, Iran.
5. Department of Physiology, Cellular and Molecular Research Center, School of Medicine, Iran University of Medical Sciences, Tehran, Iran.
6. Electrophysiology Research Center, Neuroscience Institute, Tehran University of Medical Sciences, Tehran, Iran.

* Corresponding Author: 
Javad Fahanik Babaei, Assistant Professor.
Address: Electrophysiology Research Center, Neuroscience Institute, Tehran University of Medical Sciences, Tehran, Iran.
Tel: +98 (21) 66581504
E-mail: Fahanikbabaei1358@gmail.com, J-fbabaei@farabi.tums.ac.ir

Introduction: Several types of ion channels found in the plasma membrane have also 
been identified in the membranes of intracellular organelles. These ion channels, including 
potassium channels, play a crucial role in regulating intracellular ion homeostasis. An ATP-
sensitive potassium (KATP) channel with various functional roles has been identified in 
the endo/sarcoplasmic reticulum membranes of both excitable and non-excitable cells. Our 
previous studies investigated the electropharmacological and molecular properties of KATP 
and BKCa+2 channels in the rough endoplasmic reticulum (RER) of rat hepatocytes. 

Methods: In this study, for the first time, we described the electropharmacological and 
molecular properties of the RER KATP channel in rat brain cells using an incorporated single-
channel in a planar lipid bilayer and Western blotting. 

Results: The results of the study revealed the presence of a KATP channel with a conductance 
of 306 pS, and the open probability was found to be voltage-independent at holding potentials 
ranging from +40 to -60 in an asymmetric solution (200/50 mM KCl; cis/trans). Additionally, 
we observed that adding ATP (2.5 mM) to both positive and negative potentials, and 100 
μM glibenclamide to the positive voltages inhibited channel activity. The addition of 100 
mM 5-HD and 100 nM charybdotoxin to the cis side did not affect the channel behavior. 
Furthermore, a Western blot analysis provided evidence of the expression of Kir6.2, Kir6.1, 
sulfonylurea receptor (SUR)1, and/or SUR2B, but not SUR2A, in the RER of rat brain fractions. 
Conclusion: In this study, we provide strong evidence for the existence of a KATP channel 
on the RER membrane of rat brain cells, displaying pharmacological properties distinct from 
those classically described for the plasma membrane and other intracellular organelles.
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Introduction

he balance of intracellular potassium (K+), 
sodium (Na+), and calcium (Ca2+) concen-
trations regulates ion homeostasis, a normal 
physiological process that preserves the in-
tegrity of the plasma membrane and intra-
cellular organelles. Ion channels, including 
K+ channels, significantly regulate intracel-

lular ion homeostasis. These channels play a crucial role 
in cellular processes, such as Ca2+ signaling, volume reg-
ulation, generation of pH gradients, cell death, oxidative 
stress production, differentiation, and proliferation, etc. 
(Averaimo et al., 2010; Edwards & Kahl, 2010; Jehle 
et al., 2011; Wulff et al., 2009). Regarding their crucial 
role, modifying the activity of these K+ channels could 
be important therapeutic targets in many incurable dis-
eases such as Alzheimer’s disease, cancer and ischemia 
(Hübner & Jentsch, 2002; Jafari et al., 2015; Teisseyre et 
al., 2019; Waza et al., 2018), and, more recently identi-
fied, as targets for limb wound repair and regeneration 

(Zhang et al., 2020) and the pathophysiology of migraine  
(Al‐Karagholi et al., 2022; Kokoti et al., 2020).

Several types of K+ channels are identified in the mem-
branes of intracellular organelles, such as mitochondria, 
nucleus, and endoplasmic reticulum (ER) (Checchetto et 
al., 2016). Multiple lines of evidence demonstrate that 
distinct types of K+ channels, including ATP-sensitive K+ 
(KATP) channels, Ca2+-activated K+ channels (BKCa), 
and K+ permeable trimeric intracellular cation channels, 
have a range of functional roles (Guéguinou et al., 2014; 
Ng et al., 2010; Salari et al., 2015; Yazawa et al., 2007). 
Some studies have reported on the endo/sarcoplasmic re-
ticulum membranes in hepatocytes and neuronal HT-22 
cells (Khodaee et al., 2014; Richter et al., 2016; Salari et 
al., 2015). These channels facilitate the flux of K+ across 
the membrane of the ER, and their main role appears to 
be maintaining the balance of charge during Ca2+ release 
and uptake. On the other hand, these channels regulate 
the volume of the ER lumen and maintain ER calcium 
homeostasis by keeping the electro-chemical force of 

Highlights 

● We described the electropharmacological and molecular properties of the RER KATP channel in rat brain cells.

● There was a KATP channel with a conductance of 306 pS, and the open probability was found to be voltage-
independent.

● Adding ATP (2.5 mM) to both positive and negative potentials, and 100 μM glibenclamide to the positive voltages 
inhibited channel activity.

● The addition of 100 mM 5-HD and 100 nM charybdotoxin to the cis side did not affect the channel behavior.

● This study provides strong evidence for the existence of a KATP channel on the RER membrane of rat brain cells.

Plain Language Summary 

Modifying the activity of potassium channels can be important therapeutic targets in many incurable diseases such as 
Alzheimer’s disease, cancer and ischemia and also for limb wound repair and regeneration. An ATP sensitive potassium 
(KATP) channel with various functional roles has been identified in the endo/sarcoplasmic reticulum membranes of 
both excitable and non-excitable cells. In this study, we aimed to identify the molecular structure of a KATP channel 
located in the ER membrane of rat brain, as variations in the expression of its constituent subunits can affect its 
gating behavior. The results revealed the presence of a KATP channel with a conductance of 306 pS, and the open 
probability was found to be voltage-independent. Additionally, we observed that adding ATP (2.5 mM) to both positive 
and negative potentials, and 100 μM glibenclamide to the positive voltages inhibited channel activity. The addition of 
100 mM 5-HD and 100 nM charybdotoxin to the cis side did not affect the channel behavior. Furthermore, a Western 
blot analysis provided evidence of the expression of Kir6.2, Kir6.1, sulfonylurea receptor (SUR)1, and/or SUR2B, 
but not SUR2A, in the RER of rat brain fractions. This study provides strong evidence for the existence of a KATP 
channel on the RER membrane of rat brain cells, displaying pharmacological properties distinct from those classically 
described for the plasma membrane and other intracellular organelles.
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Ca2+ ions away from the ER membrane potential (Kuum 
et al., 2015; Li et al., 2006; Xu et al., 2015). The octamer-
ic complex, known as physiological ATP, inhibits KATP. 
It consists of four pore-forming subunits (Kir6.X) en-
circled by four regulatory sulfonylurea receptors (SUR), 
also known as ATP-binding subunit SUR (Clement IV et 
al., 1997). This channel is found in both the membrane 
and subcellular membranes, such as the mitochondrial 
inner membrane (mitoKATP) (Inoue et al., 1991; Pag-
gio et al., 2019), the nuclear membrane (Quesada et al., 
2002), and rough endo/sarcoplasmic reticulum (Salari et 
al., 2015). 

ER KATP channels and their subunits have been shown 
to exist in a variety of cells (cell culture), tissues, and 
organs in recent years, according to several electrophar-
macological and molecular studies (Kuum et al., 2012; 
Ng et al., 2010; Salari et al., 2015; Zhou et al., 2005). 
Zhou et al. (2005) examined the subcellular distribution 
of Kir6.2 in neuronal cells using electron microscopy. 
The research findings revealed the presence of Kir6.2 in 
various neuronal cell types, such as Purkinje cells, Berg-
mann glial cells, and glial cells of the corpus callosum 
and cerebellum (Zhou et al., 2005). Ng et al. provided 
evidence for the presence of the Kir6.1 subunit on the ER 
membrane of C2C12 and HEK293 cells, which played a 
crucial role in modulating Ca2+ release from intracellular 
stores (Ng et al., 2010). Kuum et al. (2012) showed that 
KATP channels connect with the ER in primary cortical 
neurons when observed with glibenclamide-BODIPY 
FL fluorescent dye. In 2015, Salari et al. reported a chan-
nel in the liver with a 560 pS conductance that was sensi-
tive to ATP (2.5 mM), Glibenclamide, and tolbutamide 
but not to iberotoxin and carybdotoxin. Furthermore, 
Western blot analysis showed the expression of Kir6.2, 
SUR1, and/or SUR2B, and SUR2A in rough ER (RER) 
fractions (Salari et al., 2015).

To the best of our knowledge, despite the abundance of 
research on ER ion channels, particularly K+ channels, in 
various cells and tissues, no study has directly examined 
the electrophysiological characteristics of the brain’s ER 
KATP channel. Therefore, in this study, we examined the 
biophysical and electropharmacological characteristics 
of the brain’s ER KATP channel using isolated ER mem-
brane particles reconstituted into a planar lipid bilayer. 
Furthermore, we aimed to identify the molecular struc-
ture of a KATP channel located in the ER membrane of 
rat brain, as variations in the expression of its constituent 
subunits can affect its gating behavior.

Materials and Methods

Animals and ethical statement

The 200–220 g male Wistar rats were housed in a controlled 
environment with a 12:12 light/dark cycle, a temperature 
of 22±2 ºC, and a humidity of 50±10%. Animals were 
acclimatized before being used in experiments and had 
free access to water and food ad libitum. All procedures 
involving the animals were conducted in accordance 
with the guidelines outlined in the guide for care and 
use of laboratory animals (National Institute of Health 
Publication No. 80-23, revised 1996), and were approved 
by the Research Ethics Committee of Laboratory Animal-
Tehran University of Medical Sciences.

Materials

According to Singleton et al.’s method, L-a-phospha-
tidylcholine (L-a-lecithin) was extracted from fresh egg 
yolk (Singleton et al., 1965). Sucrose, Imidazole, pyro-
phosphate, K+ chloride, 2-amino-2-(hydroxymethyl)-1,3-
propanediol (Tris base), 4-(2-hydroxyethyl)-1-piper-
azine ethane sulfonic acid, glibenclamide, ATP, 5-HD, 
and charybdotoxin (ChTx) were purchased from Sigma 
Aldrich (St Louis, MO, USA). n-decan was purchased 
from Merck (Darmstadt, Germany). Chamber and cup 
for bilayer formation (Warner Instrument Corp., Ham-
den, CT, USA),

RER isolation of whole brain

ER membrane particles derived from the RER of whole 
rat brain were prepared as previously described (Salari et 
al., 2015). In brief, five male rats were anesthetized and 
euthanized by decapitation. The brains were then quick-
ly removed. Brains were washed and placed in a 20 mL 
ice-cold buffer containing 0.25 M sucrose. The brain tis-
sues were then minced with scissors and homogenized 
using a motor-driven Teflon-glass Potter homogenizer 
(step 1). Subsequently, 40 mL of ice-cold 0.25 M sucrose 
solution was added, and the homogenate was filtered 
through surgical cotton fabric. The homogenate was 
centrifuged at 9800×g for 20 minute (Eppendorf model 
5415R, Germany). The supernatant was then decanted 
and centrifuged at 110000×g for 14 minutes (Beckman 
model J-21B, USA) (step 2). The pellet was dissolved 
in 15 mL of ice-cold 2 M sucrose. Afterward, the solu-
tion was then transferred to a 30 mL glass homogenizer 
and manually homogenized 20 times using a glass Pot-
ter homogenizer to obtain a homogeneous suspension. 
The suspension was then centrifuged at 300000×g for 
67 minutes in a sucrose gradient (step 3). The resulting 
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pellet was dissolved in 15 mL of a solution containing 
sucrose, imidazole, and Na pyrophosphate at concentra-
tions of 0.25 mM, 3 mM, and 0.5 mM, respectively. The 
solution was then centrifuged twice at 140000×g for 47 
minutes. RER microsomes was dissolved in 800 µL su-
crose 0.25 mM and imidazole 3 mM at a final concentra-
tion of 7 mg/mL (Step 4). All procedures were conducted 
at 4 °C. The RER microsomes were then stored in 25 µL 
aliquots in a solution containing 0.25 mM sucrose and 
3 mM imidazole at pH 7.2, and stored at -80 °C for one 
month.

Immunoblot analysis

Protein samples were quantified using the Bradford 
protocol, with bovine serum albumin as the standard 
(Bradford, 1976). Using the semi-dry electrophoretic 
transfer method, 25 µg of protein samples from each 
purified fraction were separated by SDS-PAGE (12% 
Bis-Tris Plus gels) and then transferred to a polyvinyli-
dene difluoride membrane. The membrane was blocked 
for two hours at room temperature using a tris-buffered 
saline (TBS) solution containing 1% (v/v) Tween 20 and 
5% (w/v) bovine serum albumin (BSA). Then, it was im-
mersed in a primary antibody diluted (1:100 to 1:500) 
for an overnight at 4 ºC in TBS + 0,1% Tween 20 + 3% 
BSA. The primary antibodies used included; 58kDa 
Golgi protein (abcam, ab6284, Cambridge, UK), Cox1 
(SC-58347; Santa Cruz Biotechnology Inc., Heidelberg, 
Germany), Actin (SC-1615; Santa Cruz Biotechnology 
Inc., Heidelberg, Germany), calnexin (SC-11397; Santa 
Cruz Biotechnology Inc., Heidelberg, Germany), SUR1, 
SUR2A and SUR2B (SC-5789, SC-32462 and SC-5793, 
respectively; Santa Cruz Biotechnology Inc., Heidel-
berg, Germany), Kir6.1 and Kir6.2 (SC-11228 and SC-
11228, respectively; Cruz Biotechnology Inc., Heidel-
berg, Germany). Following three TBS + 0.1% Tween 
20 washes, the membranes were soaked for one hour at 
room temperature in a secondary antibody that had been 
diluted (1:1000 to 1:5000) in PBS + 0.1% Tween 20 + 
3% BSA. The secondary antibody was horseradish per-
oxidase (anti-goat and anti-rabbit HRP). The membranes 
were then treated, in accordance with the manufacturer’s 
instructions, with an excellent chemiluminescent sub-
strate (ECL) kit for chemiluminescence detection, and 
the immunoreactive bands were visualized using the 
Amersham ECL Prime Western Blotting detection (GE 
Healthcare Life Sciences).

Recording instrumentation and statistical analysis

A Delrin cup with a 150 µm diameter hole was used 
to create planar phospholipid bilayers, dividing the set-

up into cis and trans chambers. The cis chamber con-
tained 4 mL of 200 mM KCI, while the trans chamber 
contained 4 mL of 50 mM KCI (pH 7.4). Planar phos-
pholipid bilayers were formed by painting a suspension 
of L-a-lecithin in n-decane (25 mg lipid/mL). Vesicles 
containing channel proteins were introduced into the cis 
compartment, and their fusion with the bilayer was ini-
tiated mechanically. The formation and thinning of the 
bilayer were monitored by capacitance measurements 
and optical observations, with bilayers exhibiting a ca-
pacitance of approximately 150-200 pF. Magnetic bars 
were used to stir the contents of both chambers when 
necessary. Single-channel currents were measured us-
ing a BC-525D amplifier (Warner Instruments, USA). 
Electrical connections were established using Ag/AgCl 
electrodes and agar salt bridges (3 M KCl) to minimize 
liquid junction potentials. The cis chamber was voltage-
clamped in relation to the grounded trans chamber. Sub-
sequently, the signals were filtered at 1 kHz, digitized 
at 10 kHz using the A/D converter (Axone Instruments 
Inc., USA), and stored on a PC for later analysis utiliz-
ing PClamp 10.0 from (Axon Instruments Inc., USA). 
Single-channel currents were recorded at various volt-
ages, and conductance was determined from the current-
voltage relationship, which was then averaged across a 
minimum of three independent experiments. The total 
number of experiments is represented by ‘n’. The re-
versal potential was obtained by fitting the experimen-
tal data to a second-order polynomial curve. The open-
channel probability (Po) was calculated using standard 
event-detection algorithms in Pclamp Software, version 
10. Additionally, the mean closed and open times of the 
channel, as well as P(open), were calculated from 60-s 
segments of continuous recordings. Any observed dif-
ferences were assessed for significance using student’s 
t-test, and the data are presented as Mean±SE.

Results

Purity of ER fractions 

The degree of purity of the microsome preparation was 
assessed using antibodies against ER marker (calnexin, 
90 kDa), plasma membrane marker (actin), mitochondri-
al membrane marker (Cox1), and Golgi matrix marker 
(58 KGP). As shown in Figure 1A, we prepared separate 
samples for each isolation step using the specific mark-
ers mentioned above. Our results relevant to the final 
step (step 4) showed that the microsome preparation 
banded only with the RER marker (calnexin) and did 
not react with the other markers (Figure 1A). Thus, these 
data confirm that the microsome preparation obtained 
from rat ER was pure.
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Single channel properties of KATP channel in rat 
brain RER membrane 

To offer a more comprehensive account of the electro-
physiological properties of the KATP channel located 
on the rough ER (RER) membrane in the rat brain, we 
conducted observations of single-channel activity un-
der control conditions (200/50 mM KCl; cis/trans) fol-
lowing the incorporation of vesicles obtained from the 
RER of the brain at various voltage levels (Figure 1B). 
Our results revealed a K+ channel with conductance of 
306 pS after its incorporation into a bilayer lipid mem-
brane. Additionally, a few chloride channels were also 
observed, but our focus in this study was on the 306 pS 
cation channels.

According to the Nernst equation, the observed rever-
sal potential in the 200/50 mM KCl (cis/trans) gradi-
ent solution was -30 mV, confirming that the examined 
channel is selective for cations. The mean reversal po-
tential, calculated from the fit to the experimental data, 
was 30±3 mV (n=6), indicating that the channel was im-
permeable to chloride ions. Figure 2A displays current 
traces from brain RER membrane vesicles at various 
bilayer potentials ranging from +40 to -60 mV, with a 
determined conductance of 306±12 pS in an asymmetric 
(200/50 mM KCl; cis/trans) solution (n=6). Figure 2B 
shows the single-channel I-V relationship obtained from 

six recordings under the same conditions. The I-V plot 
showed linearity without any evidence of inward rectifi-
cation at potentials between +40 and -70 mV. 

In the asymmetric concentration condition (200/50 
mM KCl; cis/trans), the open Po of the channel was not 
influenced by voltage when held at potentials between 
+40 and -60 mV. The Po remained constant regardless of 
the voltage polarity. Table 1 presents the average steady-
state Po values as a function of the holding potential for 
the fully-open conducting state, obtained from six differ-
ent experiments.

Pharmacological properties of the ion channel

Further experiments were conducted to confirm the 
nature of the RER K+ channel from the rat brain prepara-
tion. Therefore, we examined the effect of several types 
of K+ channel blockers on the channel activity as de-
scribed in the following.

Effect of ATP on channel activity

Initially, we investigated the effects of ATP, a well-known 
KATP channel blocker. Figure 3A illustrates the single-
channel recordings and open Po in a solution with 200/50 
mM KCl (cis/trans) concentrations at various potentials 
under control conditions and after the addition of 2.5 mM 
ATP to the cis side. The presence of ATP had a notable 

Figure 1. Western blot analysis and single-channel recording 

A) Purity of the microsome preparation from whole brain was assessed using plasma membrane markers: Actin (C-11); 45 
kDa. Golgi apparatus marker: 58 K Golgi protein; 58 kDa. ER marker: Calnexin, 90 kDa. Mitochondrial membrane marker: 
Cox1 (1D6), 39 kDa; The method involved the following steps: Step 1: Homogenate; Step 2: High-speed centrifugation; Step 3: 
Gradient sucrose; Step 4: Final preparation. 

B) Single-channel recordings of three different K+ channels of RER in rat brain in planar lipid bilayer at +30 mV
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impact on channel amplitude and open Po at both positive 
and negative voltages, leading to complete channel block-
ade activity at these potentials (n=5). These findings are 
summarized in the bar graph depicted in Figure 3C.

Effect of glibenclamide on channel activity

An investigation was conducted to analyze the impact 
of glibenclamide, a well-known sulfonylurea, and KATP 
channel blocker, on RER channel activity. As shown in 
Figure 3B, the addition of 100 μM glibenclamide into 
the cis chamber led to a total block of channel activity 
at positive but not negative voltages (n=4). These results 
are illustrated in the bar graph presented in Figure 3C.

Effect of 5-HD as a mitochondrial KATP channel 
blocker on the channel activity 

In the next step, we examined the effect of 5-HD, as 
a mitoKATP channel blocker, on channel activity. As 
shown in Figure 4A, addition of 5-HD (10 mM) to the 
cis side had no effect on channel activity (single-channel 
recordings and open Po) at either positive or negative 
voltages (n=3). Data are expressed as Mean±SE. 

Effect of ChTx as calcium (Ca2+)-dependent K+ 
channel blockers activity

Since both ATP-sensitive BKCa channels (Maxi-KCa) 
(Fahanik-Babaei et al., 2011) and KATP channels are 
sensitive to ATP, we investigated the potential impact of 
ChTx as a Maxi-KCa channel blocker on channel activ-

ity in RER membranes. Our results revealed that 1 mM 
ChTx did not inhibit channel activity. Single-channel 
recordings and open Po at +30 and -40 mV (n=4) are 
depicted in Figure 4B, with a summary presented in the 
bar graph on the right side of Figure 4C. These findings 
confirm that the channel derived from rat brain RER 
preparation corresponds to the KATP channel.

Investigation of RER KATP channel subunits 

Since there are two types of subunits in the channel struc-
ture, pore subunits and sulphonylurea subunits, in this study, 
we also investigated the presence of both KATP channel 
subunits in the RER of brain cells. In our study, we utilized 
Western blot analysis to investigate the presence of KATP 
subunits in microsomes from rat brain cells. Specifically, 
we employed antibodies targeting the KATP pore-forming 
subunits Kir6.2 and Kir6.1, as well as the regulatory ele-
ments SUR1, SUR2A, and SUR2B. The use of anti-Kir6.2 
and anti-Kir6.1 antibodies for labeling revealed a distinct 
band at approximately 55 kDa, corresponding to the antici-
pated molecular weight of Kir6.2 and Kir6.1 proteins (Fig-
ure 5A) (n=3). Analysis of the sulphonylurea subunit, as 
depicted in Figure 5B, indicated that anti-SUR1, anti-SU-
R2A, and anti-SUR2B antibodies identified bands at 150 
kDa, 143 kDa, and 150 kDa, respectively, in both crude and 
RER fractions. However, two separate bands were detected 
in SUR2B at 100 kDa and 150 kDa. These findings confirm 
the presence of KATP Kir6.2 and Kir6.1 subunits, as well 
as SUR1 and SUR2A subunits, in both the homogenate and 
RER membrane preparation.

Figure 2. Single channel recordings and current voltage relationship

A) Single-channel recordings were conducted in asymmetric solutions (200/50 mM KCl, cis/trans) at potentials ranging from 
−60 to +40 mV: The arrow indicates the closed statem

B) Current voltage relationship for the 306 pS channel under asymmetrical conditions (200 mM KCl cis/50 mM KCl trans)
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Discussion

The ER plays a crucial role in the synthesis, folding, 
and transport of protein and is responsible for various 
important cellular functions, including cell signaling and 
the storage of calcium ions (Ca2+). It is well documented 
that intracellular organelles, such as mitochondria, endo/
sarcoplasmic reticulum, and nucleus, contain K+ chan-
nels similar to those found on the plasma membrane 
(Ballanyi, 2004; Noma, 1983; Rusznak et al., 2008). 
In this study, we characterized the electrophysiological 
and molecular properties of the KATP channel in the 

ER membrane of rat brain using single-channel record-
ing and western blotting. A study on the reconstitution 
of the ER membrane from rat brain tissue revealed the 
presence and activity of a K+ channel with a conductance 
of 306 pS. This K+ channel was found to be sensitive to 
ATP and glibenclamide, both of which are well-known 
blockers of KATP K+ channels. Additionally, the use of 
specific antibodies targeting Kir6.1, Kir6.2, and SUR 
subunits further confirmed the existence of KATP chan-
nels in the ER membrane of rat brain tissue. This ground-
breaking research provides the first direct evidence of 
the electropharmacological properties and structure of 

Figure 3. The effect of K+ channel blocker (ATP, glibnclamide) on channel gating behaviour 

Note: Single-channel recording was conducted to measure the open probability of a 306 pS channel in asymmetric conditions 
(200/50 mM KCl, cis/trans) with and without cis addition of (A) ATP (2.5 mM) at +20 and −50 mV (n=5), (B) glibenclamide 
(100 µM) at +30 and -40 mV. (C) The effect of glibenclamide at positive and negative voltages are summarized in the bar graph. 

***P<0.001, (n=4). Data are Means±SE. Closed levels are indicated by –. 
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the ER KATP channel in rat brain tissue. The findings of 
the current study revealed that the relationship between 
current and voltage (I-V plot) exhibited linearity, with a 
conductance of 306 pS under asymmetrical conditions 
(200/50 mM KCl, cis/trans) within the voltage range of 
-70 to +40 mV. Furthermore, the open Po of the channel 
remained unaffected across voltages ranging from +40 to 
-60 mV (Table 1). A growing body of literature provides 
strong evidence for the presence of KATP channels in 
intracellular organelles, such as mitochondria, across dif-
ferent tissues, including the liver, heart, lymphocytes, and 
brain. This evidence is obtained by reconstituting the mi-
tochondria’s inner membrane into a planar lipid bilayer 
(Garlid & Paucek, 2001; Leanza et al., 2017; Smith et al., 
2017; Szabo & Zoratti, 2014) or using the patch-clamp 
technique (Choma et al., 2009; Costa & Garlid, 2008; 
Wojtovich et al., 2013). Sepehri et al. (2007) provided 
the first documentation of the presence of an ER ATP-

sensitive channel in a rat hepatocyte with 500 ps conduc-
tance and voltage dependence on the sublevel (Sepehri 
et al., 2007). Then, in 2009, Ashrafpour et al. showed the 
electropharmacological behavior and dose response of 
ATP in this channel (Ashrafpour et al., 2008).

In the present study, the single-channel conductance of 
the ER in the brain was measured at 306 pS, which is 
lower than the previously reported 200 pS for the liver. 
Additionally, the KATP channel in the ER was voltage-
independent. These differences may be due to the tissue 
structure and function of the organ. Additionally, bio-
physical properties, such as a single channel conductance 
(approximately 306 pS) of ER ATP-regulated K+ chan-
nels from brain tissue described here, differ from the re-
nal outer medullary K+ (ROMK) channels expressed in 
the plasma membrane in renal and brain tissues (Welling 
& Ho, 2009) and brain mitochondrial inner membrane 
KATP channels (Choma et al., 2009). These differences 

Figure 4. The effect of K+ channel blocker (ChTx, 5-HD) on channel gating behaviour 

Note: Single-channel recording was conducted to measure the open probability of a 306 pS channel in asymmetric conditions 
(200/50 mM KCl, cis/trans) s with and without cis addition of (A) 5-HD (10 mM) at +20 and −50 mV, (n=3) and (B) ChTx (100 
nM) at +30 and −40 mV, (n=4). There was no significant difference in the current amplitude and Po value in the presence of 
5-HD and ChTx. The arrows indicate the closed levels. Data are Mean±SE (n=4).
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in conductance may be a result of various factors, includ-
ing the composition of organelle membrane lipids, the 
presence of protein partners, and pre-/ posttranslational 
modifications of the pore and subunits forming the chan-
nel. This evidence confirms that the K+ channel in the 
brain ER is different from other tissues and organelles 
of the cells. 

Further experiments were conducted using well-known 
KATP channel blockers to verify the nature of the new 
brain ER channel observed in the rat brain preparations. 
According to pharmacological results, in the first step, 
addition of ATP (2.5 mM) to the cytoplasmic side (cis 
chamber) completely blocked the channel activity. To 
distinguish the KATP channel from the ATP-sensitive 
BKca channel (Maxi-KCa) (Fahanik-Babaei et al., 
2011), ChTx (100nM), a Maxi-KCa channel blocker, 
was used, which did not affect channel activity. On the 
other hand, applying glibenclamide (100 µM), a specif-
ic inhibitor of KATP channels, blocked channel activ-

ity and provided further confirmation that the channel 
obtained from rat brain preparations was of the KATP 
channel type. Although we showed the purity of the ER 
preparation by western blotting, using 5-HD (10 mM) 
(as mitoKATP blocker) provides further confirmation 
that the recorded KATP channel activity was not mito-
chondrial. Ion channels are assembled in the lumen of 
the ER, moved to the Golgi apparatus, and then carried 
to their final location on the membrane of an organelle, 
the cell surface, or other proteins. Raising the question of 
whether the ER-expressed channel proteins are located 
in another intracellular or cell membrane, or if they have 
a functional role on the ER membrane itself. As men-
tioned, we evaluated the purity of the microsome prepa-
ration using western blotting. According to conventional 
methods of isolating the ER using ultracentrifugation in 
various cells, such as hepatocyte, fibroblast, etc. (Eliassi 
et al., 1997; Eriksson et al., 1983; Kan et al., 1992; Wil-
liamson et al., 2015), and also based on our previous ex-
periences, we isolated the ER of a brain rat. The purity of 

Figure 5. Representative immunoblot analysis of Kir6.2, Kir6.1 and SUR subunits of RER- KATP in rat microsome fractions 
revealing the following results 

Note: A) Goat anti-Kir6.2 (~55 kDa) and anti-Kir6.1 (~56 kDa) antibodies successfully identified bands in the microsome frac-
tions, corresponding to molecular weights expected for Kir6.2 and Kir6.1 KATP subunits. Labeling indicates a band at ~55 kDa 
and ~56 kDa, referring to the expressed in ER obtained from brain preparations (n=4). B) Using the goat anti-SUR1 antibody, 
a ~150 kDa band was detected, whereas the goat anti-human SUR2B antibody labeled two bands at 150 and 100 kDa. 100 kDa 
may have formed as a result of 150 kDa proteolysis. No bands were identified in the microsome fraction using goat anti-SUR2A 
(~143 kDa) antibodies (n=4).

Table 1. Channel open probability (Po) at different membrane voltages

Voltage (mV) -60 -50 -40 -20 -10 0 +10 +20 +30 +40

Open probability (Po) 0.9 0.91 0.9 0.95 0.94 0.95 0.94 0.96 0.9 0.9

Nazari., et al. (2025). Existence of a KATP Channel on the RER Membrane of Rat Brain Cells. BCN, 16(6),1017-1032.

http://bcn.iums.ac.ir/


Basic and Clinical

1026

November & December 2025, Vol 16, No. 6

the rat brain ER was determined using several antibodies 
directed against specific marker proteins: actin (plasma 
membrane), cox1 (mitochondria), calnexin (ER), and 
58K Golgi protein (Golgi apparatus). Since other mark-
ers, as well as pharmacological results, can be used to 
confirm the purity of an ER sample, a comparison of 
the electropharmacological properties of the purified 
channels may reveal significant differences or similari-
ties with our previous results on mitochondrial and ER. 
In our study, 5HD (mitoKATP inhibitor) did not affect 
channel activity, and glibenclamide inhibited channel 
activity at positive but not negative voltages. Therefore, 
our results revealed that RER preparation from the brain 
fraction did not contain other subcellular structures (such 
as Golgi apparatus and mitochondria) or plasma mem-
brane markers. Therefore, it can be concluded that the re-
corded channels were related to the RER of the rat brain.

KATP channels are octameric structures comprising 
an inwardly rectifying K+ channel, and Kir6.x (as pore-
forming) is associated with four regulatory SUR subunits 
(Inagaki et al., 1995). The key to defining pharmacologi-
cal properties of KATP channels accurately is usually 
based on the inhibition of channel activity by blockers, 
such as ATP (Inoue et al., 1991), 5-HD (Jabůrek et al., 
1998), and glibenclamide (Paucek et al., 1992) or activa-
tion of the channel by K+ channel openers, such as di-
azoxide (Garlid et al., 1996). 

Previous molecular studies have provided further con-
firmation of this channel type. KATP channels pres-
ent in different intracellular organelles are structurally 
similar. For example, in many types of Kir6.x subunits 
in different parts of the cell with a KATP channel, the 
difference between Kir6.1 and Kir6.2 is only 30%, and 
they share 70% amino acid identity. Also, both subunits 
can assemble with various SUR subunits until they 
compose channels with different SUR subunits (Ng et 
al., 2010; Rodrigo & Standen, 2005). Wheeler et al. 
(2008) demonstrated that SUR1, SUR2A, and SUR2B 
can co-assemble in all possible pairwise combinations 
to form functional KATP channels, thereby conferring 
in pharmacological diversity. However, channel gating 
and function may be determined by their respective loca-
tions and membranes, as observed in the cell membrane 
or mitochondria. These channels play an essential role 
in each cell membrane, including determining the action 
potential and/or maintaining the neurotransmitter release 
(Laniado et al., 1997). They can also be co-assembled 
in various ways. For instance, skeletal muscle and the 
heart’s sarcolemma contain KATP channels composed 
of the pore-forming subunit Kir6.2 and the regulatory 
subunit SUR2A (Aguilar-Bryan et al., 1998), while 

pancreatic tissue contains sKATP, which is made up of 
Kir6.2/SUR1 and is involved in insulin secretion (Hibi-
no et al., 2010). Other pharmacological studies have sug-
gested that SUR1 and SUR2B may also be expressed in 
a small number of fibers in the brain (Tricarico et al., 
2006). Karschin et al. indicated the overlapping of Kir6.2 
with SUR1 in various neurons in the rodent brain using 
the situ hybridization histochemistry method (Karschin 
et al., 1997). Furthermore, there are many reports that 
KATP channels are composed of the pore-forming sub-
unit Kir6.2 or Kir6.1 at the subcellular level, and of dif-
ferent types of regulatory subunits of sulphonylureas. 
For example, Aggarwal et al. reported Kir6.2 with SUR2 
in cardiac mitochondria (Aggarwal et al., 2013). Salari 
et al. (2015) found that Kir6.2 subunits combined with 
the regulatory subunits SUR1, SUR2A and SUR2B, in 
the ER of hepatocytes (Salari et al., 2015). Our analysis 
showed that both Kir6.2 and Kir6.1 subunits were pres-
ent, providing further evidence of their existence. 

Using antibodies against Kir6.2 and Kir6.1, we identi-
fied a ~55 kDa band for both subunits that was sensitive 
to the blocking peptide. Additionally, when using the an-
tibody against sulphonylurea subunits, we observed two 
subunits, SUR1 and SUR2B, with a molecular mass of 
~150 kDa for both Kir6.2 and Kir6.1. Western blotting 
analysis also indicated two bands at 150 kDa and 100 
kDa for the SUR2B subunit. These findings are consis-
tent with previous studies. Suzuki et al. proposed the 
presence of a Kir6.1-like 51 kDa protein in mitochondria 
(Suzuki et al., 1997). In the rat brain, Brustovetsky et al. 
noted two enriched bands that were sensitive to blocking 
peptide in mitochondrial fractions at ~50 kDa after label-
ing with anti-Kir6.1 (Brustovetsky, et al., 2005). Bajgar 
et al. reported that the mitoKATP channel activity in rat 
brain mitochondria contains 55kDa and 63-kDa SUR 
subunits (Bajgar et al., 2001). In two studies, Lacza et 
al. detected 51 kDa proteins as well as two enrichment 
bands ~130- and ~30-kDa in the heart and brain mito-
chondria using antibodies against Kir6.1 (Lacza et al., 
2003a; Lacza et al., 2003b). 

In the RER of the hepatocyte, Salari et al. observed spe-
cific bands at ~55 kDa. They identified all three SUR sub-
units (SUR1, SUR2A, and SUR2B) when labeling rat ho-
mogenate and the fraction of ER with anti-Kir6.1 (Salari 
et al., 2015). However, they also found two bands, ~150- 
and ~100-kDa, for SUR1 and SUR2B. In contrast to their 
results, we observed only bands of ~150- and ~100-kDa 
in the SUR2B subunit, but not in the SUR1 subunit, in the 
ER of the rat brain. Based on the results of the study, we 
suggest that the ER ATP-sensitive K+ channel of the rat 
brain composed of a Kir6.2 subunit and SUR1 or SUR2B 

Nazari., et al. (2025). Existence of a KATP Channel on the RER Membrane of Rat Brain Cells. BCN, 16(6),1017-1032.

http://bcn.iums.ac.ir/


Basic and Clinical

1027

November & December 2025, Vol 16, No. 6

subunits, as well as the presence of the Kir6.1 subunit, 
may be due to protein synthesis in the ER and do not play 
a functional role in these organelles. However, more stud-
ies are required to obtain more detailed information on 
how the Kir6.2 and SUR subunits combine.

One of the roles of the ER in the intracellular space is 
the regulation of [Ca2+] during the neurotransmitter re-
lease and uptake. Studies have shown that during neu-
ronal activity, K+ and [Ca2+] concentrations increase in 
the intracellular space (Perillán et al., 2000; Zawar et al., 
1999), and in the subsequent phase, Ca2+ is recaptured 
in the ER lumen. Studies have indicated that Ca2+ is re-
leased from the ER membrane during nerve cell activity, 
leading to a negative charge inside the ER. Then, during 
Ca2+ uptake, a positive potential is generated within the 
ER lumen, which inhibits the Ca2+-pumping function. Po-
tent counter-ion movements via K+ channels on the ER 
membrane occur to balance its membrane potential and 
maintain efficient Ca2+ release/uptake from or into this in-
tracellular calcium store (Fink & Veigel, 1996; Takeshima 
et al., 2015). Therefore, an ER membrane potential should 
result from the relatively quick and significant charge 
translocation that is mediated by both Ca2+ uptake and its 
release (Fink & Veigel, 1996; Meissner, 1983; Morimoto 
& Kasai, 1986). Ca2+ uptake or release from the ER is 
inhibited in absence of this countercurrent (Baylor et al., 
1984; Oetliker, 1982). Studies suggest that there may be 
a significant counter-ion flux during the Ca2+ uptake and 
release phases. This flux could consist of anions, such as 
Cl– and HCO3– moving in the same direction as Ca2+, or 
cations, such as K+, magnesium(2+) (Mg2+), sodium (Na+), 
and/or hydrogen ion (H+), moving in the opposite direc-
tion. When tetanus begins in frog skeletal fibers, Somlyo 
et al. demonstrated that either Mg2+ or K+ enters the sarco-
plasmic reticulum (SR) during Ca2+ release (Al-Karagholi 
et al., 2017; Ashcroft, 2005; Rubaiy, 2016). However, it 
is evident that K+ channels, such as ER ATP-sensitive K+ 
channels, play a crucial role in the homeostasis of neu-
rons’ intracellular calcium, and defects in these channels 
can lead to neuronal death (Kuum et al., 2015).

The sensitivity of the KATP channels to ATP is due to 
the presence of SUR subunits. Compounds, such as glib-
enclamide, which are part of the sulfonylurea group and 
act as non-specific blockers of KATP channels, bind to 
the SUR subunit and inhibit KATP channel activity (Ash-
croft, 2005). Previous studies have shown that SUR1-
KATP channels are expressed in the brain (Al-Karagholi 
et al., 2017). Additionally, several studies have indicated 
that glibenclamide has a higher affinity for SUR1 than 
for the other subunits, which have comparatively less 
access to the central nervous system (Lahmann et al., 

2019; Rubaiy, 2016). Therefore, to determine if the ER 
K+ channel in a rat’s brain corresponds to the ATP-sensi-
tive K+ channel, we investigated the effects of applying 
glibenclamide on channel activity. According to our re-
sults, glibenclamide (100 μM) inhibited channel activity 
at positive potentials. However, at negative potentials, it 
did not impact the unitary current amplitude and open Po 
of the channel. The difference between our findings and 
previous research could be attributed to differences in the 
method, organ, and/or behavior channels. Some research-
ers have suggested that the pathway’s sensitivity to sul-
fonylurea inhibition is affected by the cell’s cytoskeleton 
(Brady et al., 1996). The low affinity for glibenclamide-
induced channel inhibition in our study may have been 
partially increased in the absence of a cytoskeleton, since 
ER extraction disrupts the cell cytoskeleton. Further-
more, it has been suggested that glibenclamide may func-
tion by binding to the inner mouth or the voltage-gated 
of the channel, increasing the hydrophobic interactions 
between the two and stabilizing the channel in its inacti-
vated state (Mayorga-Wark et al., 1996).

Conclusion 

This study provides the first evidence for the presence 
of an RER KATP channel in the rat brain. We demon-
strated that the K+ channel on the RER membrane is not 
voltage-dependent, sensitive to ATP and glibenclamide, 
and insensitive to 5-HD and ChTx. Finally, we propose 
that the KATP channel in the RER membrane may play 
a role in regulating the ER within neurons, which in turn 
may enhance neuronal function associated with action 
potential generation and neurotransmitter release.

Ethical Considerations

Compliance with ethical guidelines

All experiments were executed in accordance with the 
Guide for Care and Use of Laboratory Animals (National 
Institute of Health Publication No. 80-23, revised 
1996). this study was approved by the Research Ethics 
Committee of Laboratory Animal of Tehran University 
of Medical Sciences, Tehran, Iran (Code: IR.TUMS.
AEC.1401.198).

Funding

This study was supported by grants from the 
Electrophysiology Research Center, Tehran University of 
Medical Sciencesm, Tehran, Iran, and the Neuroscience 
Research Center of Shahid Beheshti University of 
Medical Sciences, Tehran, Iran.

Nazari., et al. (2025). Existence of a KATP Channel on the RER Membrane of Rat Brain Cells. BCN, 16(6),1017-1032.

http://bcn.iums.ac.ir/
http://en.tums.ac.ir/
http://en.tums.ac.ir/
http://en.tums.ac.ir/
http://en.tums.ac.ir/
https://en.sbmu.ac.ir/
https://en.sbmu.ac.ir/


Basic and Clinical

1028

November & December 2025, Vol 16, No. 6

Authors' contributions

Conceptualization, methodology, and formal analysis, 
Javad Fahanik-Babaei; Resources: Maryam Nazari and 
Reza Saghiri; Data curation Reza Saghiri and Javad 
Fahanik-Babaei; Formal analysis, and writing the 
original draft: Maryam Nazari; Project administration, 
review and editing: Afsaneh Eliassi and Javad Fahanik-
Babaei.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors thank Neuroscience Research Center of 
Shahid Beheshti University of Medical Sciences ND, 
Neuroscience Institute, Tehran University of Medical 
Sciences, Tehran, Iran.

References

Aggarwal, N. T., Shi, N. Q., & Makielski, J. C. (2013). ATP-sensi-
tive potassium currents from channels formed by Kir6 and a 
modified cardiac mitochondrial SUR2 variant. Channels (Aus-
tin, Tex.), 7(6), 493–502. [DOI:10.4161/chan.26181] [PMID] 

Aguilar-Bryan, L., Clement, J. P., 4th, Gonzalez, G., Kunjilwar, 
K., Babenko, A., & Bryan, J. (1998). Toward understanding 
the assembly and structure of KATP channels. Physiological 
Reviews, 78(1), 227–245. [DOI:10.1152/physrev.1998.78.1.227] 
[PMID]

Al-Karagholi, M. A., Hansen, J. M., Severinsen, J., Jansen-Oles-
en, I., & Ashina, M. (2017). The KATP channel in migraine 
pathophysiology: a novel therapeutic target for migraine. The 
Journal of Headache and Pain, 18(1), 90. [DOI:10.1186/s10194-
017-0800-8] [PMID] 

Al‐Karagholi, M. A., Hakbilen, C. C., & Ashina, M. (2022). The 
role of high‐conductance calcium‐activated potassium chan-
nel in headache and migraine pathophysiology. Basic & Clini-
cal Pharmacology & Toxicology, 131(5), 347-354. [DOI:10.1111/
bcpt.13787] [PMID] 

Ashcroft, F. M. (2005). ATP-sensitive potassium channelopa-
thies: focus on insulin secretion. The Journal of Clinical Investi-
gation, 115(8), 2047-2058. [DOI:10.1172/JCI25495] [PMID] 

Ashrafpour, M., Eliassi, A., Sauve, R., Sepehri, H., & Saghiri, R. 
(2008). ATP regulation of a large conductance voltage-gated 
cation channel in rough endoplasmic reticulum of rat hepato-
cytes. Archives of Biochemistry and Biophysics, 471(1), 50-56. 
[DOI:10.1016/j.abb.2007.12.012] [PMID]

Averaimo, S., Milton, R. H., Duchen, M. R., & Mazzanti, M. 
(2010). Chloride intracellular channel 1 (CLIC1): Sensor and 
effector during oxidative stress. FEBS Letters, 584(10), 2076-
2084. [DOI:10.1016/j.febslet.2010.02.073] [PMID]

Bajgar, R., Seetharaman, S., Kowaltowski, A. J., Garlid, K. D., & 
Paucek, P. (2001). Identification and properties of a novel in-
tracellular (mitochondrial) ATP-sensitive potassium channel 
in brain. Journal of Biological Chemistry, 276(36), 33369-33374. 
[DOI:10.1074/jbc.M103320200] [PMID]

Ballanyi, K. (2004). Protective role of neuronal KATP channels 
in brain hypoxia. Journal of Experimental Biology, 207(18), 3201-
3212. [DOI:10.1242/jeb.01106] [PMID]

Baylor, S. M., Chandler, W. K., & Marshall, M. W. (1984). Cal-
cium release and sarcoplasmic reticulum membrane potential 
in frog skeletal muscle fibres. The Journal of Physiology, 348, 
209-238. [DOI:10.1113/jphysiol.1984.sp015106] [PMID] 

Bradford, M. M. (1976). A rapid and sensitive method for the 
quantitation of microgram quantities of protein utilizing the 
principle of protein-dye binding. Analytical Biochemistry, 72(1-
2), 248-254. [DOI:10.1016/0003-2697(76)90527-3]

Brady, P. A., Alekseev, A. E., Aleksandrova, L. A., Gomez, L. 
A., & Terzic, A. (1996). A disrupter of actin microfilaments 
impairs sulfonylurea-inhibitory gating of cardiac KATP chan-
nels. The American Journal of Physiology, 271(6 Pt 2), H2710–
H2716. [DOI:10.1152/ajpheart.1996.271.6.H2710] [PMID]

Brustovetsky, T., Shalbuyeva, N., & Brustovetsky, N. (2005). 
Lack of manifestations of diazoxide/5‐hydroxydecanoate‐
sensitive KATP channel in rat brain nonsynaptosomal mito-
chondria. The Journal of Physiology, 568(1), 47-59. [DOI:10.1113/
jphysiol.2005.091199] [PMID] 

Checchetto, V., Teardo, E., Carraretto, L., Leanza, L., & Szabo, 
I. (2016). Physiology of intracellular potassium channels: A 
unifying role as mediators of counterion fluxes? Biochimica 
et Biophysica Acta, 1857(8), 1258–1266. [DOI:10.1016/j.bba-
bio.2016.03.011] [PMID]

Choma, K., Bednarczyk, P., Koszela-Piotrowska, I., Kulawiak, 
B., Kudin, A., & Kunz, W. S., et al. (2009). Single channel stud-
ies of the ATP-regulated potassium channel in brain mito-
chondria. Journal of Bioenergetics and Biomembranes, 41(4), 323-
334. [DOI:10.1007/s10863-009-9233-7] [PMID]

Clement, J. P., 4th, Kunjilwar, K., Gonzalez, G., Schwanstecher, 
M., Panten, U., & Aguilar-Bryan, L., et al. (1997). Association 
and stoichiometry of K(ATP) channel subunits. Neuron, 18(5), 
827–838. [DOI:10.1016/S0896-6273(00)80321-9] [PMID]

Costa, A. D., & Garlid, K. D. (2008). Intramitochondrial signal-
ing: interactions among mitoKATP, PKCε, ROS, and MPT. 
American Journal of Physiology. Heart and Circulatory Physiol-
ogy, 295(2), H874–H882. [DOI:10.1152/ajpheart.01189.2007] 
[PMID] 

Edwards, J. C., & Kahl, C. R. (2010). Chloride channels of in-
tracellular membranes. FEBS Letters, 584(10), 2102–2111.
[DOI:10.1016/j.febslet.2010.01.037] [PMID] 

Eliassi, A., Garneau, L., Roy, G., & Sauve, R. (1997). Characteri-
zation of a chloride-selective channel from rough endoplas-
mic reticulum membranes of rat hepatocytes: Evidence for a 
block by phosphate. The Journal of Membrane Biology, 159(3), 
219-229. [DOI:10.1007/s002329900285] [PMID]

Eriksson, L. C., Torndal, U. B., & Andersson, G. N. (1983). Isola-
tion and characterization of endoplasmic reticulum and Golgi 
apparatus from hepatocyte nodules in male Wistar rats. Can-
cer Research, 43(7), 3335-3347. [PMID]

Nazari., et al. (2025). Existence of a KATP Channel on the RER Membrane of Rat Brain Cells. BCN, 16(6),1017-1032.

http://bcn.iums.ac.ir/
https://en.sbmu.ac.ir/
http://en.tums.ac.ir/
http://en.tums.ac.ir/
https://doi.org/10.4161/chan.26181
https://www.ncbi.nlm.nih.gov/pubmed/24037327
https://doi.org/10.1152/physrev.1998.78.1.227
https://www.ncbi.nlm.nih.gov/pubmed/9457174
https://doi.org/10.1186/s10194-017-0800-8
https://doi.org/10.1186/s10194-017-0800-8
https://www.ncbi.nlm.nih.gov/pubmed/28831746
https://doi.org/10.1111/bcpt.13787
https://doi.org/10.1111/bcpt.13787
https://www.ncbi.nlm.nih.gov/pubmed/36028922
https://doi.org/10.1172/JCI25495
https://www.ncbi.nlm.nih.gov/pubmed/16075046
https://doi.org/10.1016/j.abb.2007.12.012
https://www.ncbi.nlm.nih.gov/pubmed/18187033
https://doi.org/10.1016/j.febslet.2010.02.073
https://www.ncbi.nlm.nih.gov/pubmed/20385134
https://doi.org/10.1074/jbc.M103320200
https://www.ncbi.nlm.nih.gov/pubmed/11441006
https://doi.org/10.1242/jeb.01106
https://www.ncbi.nlm.nih.gov/pubmed/15299041
https://doi.org/10.1113/jphysiol.1984.sp015106
https://www.ncbi.nlm.nih.gov/pubmed/6716284
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1152/ajpheart.1996.271.6.H2710
https://www.ncbi.nlm.nih.gov/pubmed/8997334
https://doi.org/10.1113/jphysiol.2005.091199
https://doi.org/10.1113/jphysiol.2005.091199
https://www.ncbi.nlm.nih.gov/pubmed/16051627
https://doi.org/10.1016/j.bbabio.2016.03.011
https://doi.org/10.1016/j.bbabio.2016.03.011
https://www.ncbi.nlm.nih.gov/pubmed/26970213
https://doi.org/10.1007/s10863-009-9233-7
https://www.ncbi.nlm.nih.gov/pubmed/19821034
https://doi.org/10.1016/S0896-6273(00)80321-9
https://www.ncbi.nlm.nih.gov/pubmed/9182806
https://doi.org/10.1152/ajpheart.01189.2007
https://www.ncbi.nlm.nih.gov/pubmed/18586884
https://doi.org/10.1016/j.febslet.2010.01.037
https://www.ncbi.nlm.nih.gov/pubmed/20100480
https://doi.org/10.1007/s002329900285
https://www.ncbi.nlm.nih.gov/pubmed/9312211
https://pubmed.ncbi.nlm.nih.gov/6189597/


Basic and Clinical

1029

November & December 2025, Vol 16, No. 6

Fahanik-Babaei, J., Eliassi, A., Jafari, A., Sauve, R., Salari, S., & 
Saghiri, R. (2011). Electro-pharmacological profile of a mi-
tochondrial inner membrane big-potassium channel from 
rat brain. Biochimica et Biophysica Acta, 1808(1), 454–460. 
[DOI:10.1016/j.bbamem.2010.10.005] [PMID]

Fahanik-Babaei, J., Eliassi, A., & Saghiri, R. (2011). How many 
types of large conductance Ca²-activated potassium channels 
exist in brain mitochondrial inner membrane: Evidence for a 
new mitochondrial large conductance Ca²-activated potassi-
um channel in brain mitochondria. Neuroscience, 199, 125–132. 
[DOI:10.1016/j.neuroscience.2011.09.055] [PMID]

Fink, R. H., & Veigel, C. (1996). Calcium uptake and release 
modulated by counter‐ion conductances in the sarcoplasmic 
reticulum of skeletal muscle. Acta Physiologica Scandinavica, 
156(3), 387-396. [DOI:10.1046/j.1365-201X.1996.212000.x] 
[PMID]

Garlid, K. D., & Paucek, P. (2001). The mitochon-
drial potassium cycle. IUBMB Life, 52(3‐5), 153-158. 
[DOI:10.1080/15216540152845948] [PMID]

Garlid, K. D., Paucek, P., Yarov-Yarovoy, V., Sun, X., & Schin-
dler, P. A. (1996). The mitochondrial k channel as a recep-
tor for potassium channel openers. The Journal of Biological 
Chemistry, 271(15), 8796–8799. [DOI:10.1074/jbc.271.15.8796] 
[PMID]

Guéguinou, M., Chantôme, A., Fromont, G., Bougnoux, P., 
Vandier, C., & Potier-Cartereau, M. (2014). KCa and Ca2+ 
channels: The complex thought. Biochimica et Biophysica Acta, 
1843(10), 2322-2333. [DOI:10.1016/j.bbamcr.2014.02.019] 
[PMID]

Hibino, H., Inanobe, A., Furutani, K., Murakami, S., Findlay, I., 
& Kurachi, Y. (2010). Inwardly rectifying potassium channels: 
Their structure, function, and physiological roles. Physiologi-
cal Reviews, 90(1), 291-366. [DOI:10.1152/physrev.00021.2009] 
[PMID]

Hübner, C. A., & Jentsch, T. J. (2002). Ion channel diseases. 
Human Molecular Genetics, 11(20), 2435-2445. [DOI:10.1093/
hmg/11.20.2435] [PMID]

Inagaki, N., Gonoi, T., Clement, J. P., 4th, Namba, N., Inazawa, 
J., & Gonzalez, G., et al. (1995). Reconstitution of IKATP: an 
inward rectifier subunit plus the sulfonylurea receptor. Sci-
ence (New York, N.Y.), 270(5239), 1166–1170. [DOI:10.1126/sci-
ence.270.5239.1166] [PMID]

Inoue, I., Nagase, H., Kishi, K., & Higuti, T. (1991). ATP-sensitive 
K+ channel in the mitochondrial inner membrane. Nature, 
352(6332), 244-247. [DOI:10.1038/352244a0] [PMID]

Jabůrek, M., Yarov-Yarovoy, V., Paucek, P., & Garlid, K. D. 
(1998). State-dependent inhibition of the mitochondrial KATP 
channel by glyburide and 5-hydroxydecanoate. Journal of Bio-
logical Chemistry, 273(22), 13578-13582. [DOI:10.1016/S0021-
9258(19)57796-1] [PMID]

Jafari, A., Noursadeghi, E., Khodagholi, F., Saghiri, R., Sauve, 
R., & Aliaghaei, A., et al. (2015). Brain mitochondrial ATP-
insensitive large conductance Ca+ 2-activated K+ channel 
properties are altered in a rat model of amyloid-β neurotoxic-
ity. Experimental Neurology, 269, 8-16. [DOI:10.1016/j.expneu-
rol.2014.12.024] [PMID]

Jehle, J., Schweizer, P., Katus, H., & Thomas, D. (2011). Novel 
roles for hERG K+ channels in cell proliferation and ap-
optosis. Cell Death & Disease, 2(8), e193. [DOI:10.1038/cd-
dis.2011.77] [PMID] 

Kan, F. W., Jolicoeur, M., & Paiement, J. (1992). Freeze-fracture 
analysis of the effects of intermediates of the phosphati-
dylinositol cycle on fusion of rough endoplasmic reticulum 
membranes. Biochimica et Biophysica Acta (BBA)-Biomembranes, 
1107(2), 331-341. [DOI:10.1016/0005-2736(92)90420-Q]

Karschin, C., Ecke, C., Ashcroft, F. M., & Karschin, A. (1997). 
Overlapping distribution of KATP channel-forming Kir6. 
2 subunit and the sulfonylurea receptor SUR1 in rodent 
brain. FEBS Letters, 401(1), 59-64. [DOI:10.1016/S0014-
5793(96)01438-X] [PMID]

Khodaee, N., Ghasemi, M., Saghiri, R., & Eliassi, A. (2014). En-
doplasmic reticulum membrane potassium channel dysfunc-
tion in high fat diet induced stress in rat hepatocytes. EXCLI 
Journal, 13, 1075-1087. [PMID] 

Kokoti, L., Al-Karagholi, M. A., & Ashina, M. (2020). Latest in-
sights into the pathophysiology of migraine: The ATP-sensi-
tive potassium channels. Current Pain and Headache Reports, 
24(12), 77. [DOI:10.1007/s11916-020-00911-6] [PMID]

Kuum, M., Veksler, V., & Kaasik, A. (2015). Potassium fluxes 
across the endoplasmic reticulum and their role in endoplas-
mic reticulum calcium homeostasis. Cell Calcium, 58(1), 79-85. 
[DOI:10.1016/j.ceca.2014.11.004] [PMID]

Kuum, M., Veksler, V., Liiv, J., Ventura-Clapier, R., & Kaasik, 
A. (2012). Endoplasmic reticulum potassium-hydrogen ex-
changer and small conductance calcium-activated potassium 
channel activities are essential for ER calcium uptake in neu-
rons and cardiomyocytes. Journal of Cell Science, 125(3), 625-
633. [DOI:10.1242/jcs.090126] [PMID]

Lacza, Z., Snipes, J. A., Kis, B., Szabó, C., Grover, G., & Busija, D. 
W. (2003). Investigation of the subunit composition and the 
pharmacology of the mitochondrial ATP-dependent K+ chan-
nel in the brain. Brain Research, 994(1), 27-36. [DOI:10.1016/j.
brainres.2003.09.046] [PMID]

Lacza, Z., Snipes, J. A., Miller, A. W., Szabó, C., Grover, G., & 
Busija, D. W. (2003). Heart mitochondria contain functional 
ATP-dependent K+ channels. Journal of Molecular and Cel-
lular Cardiology, 35(11), 1339-1347. [DOI:10.1016/S0022-
2828(03)00249-9] [PMID]

Lahmann, C., Kramer, H. B., & Ashcroft, F. M. (2019). Cor-
rection: Systemic administration of glibenclamide fails to 
achieve therapeutic levels in the brain and cerebrospinal fluid 
of rodents. Plos One, 14(4), e0215989. [DOI:10.1371/journal.
pone.0215989] [PMID] 

Laniado, M. E., Abel, P. D., & Lalani el-N. (1997). Ion channels. 
BMJ (Clinical research ed.), 315(7117), 1171–1172. [DOI:10.1136/
bmj.315.7117.1171] [PMID] 

Leanza, L., Romio, M., Becker, K. A., Azzolini, M., Trentin, L., 
& Managò, A., et al. (2017). Direct pharmacological target-
ing of a mitochondrial ion channel selectively kills tumor 
cells in vivo. Cancer Cell, 31(4), 516-531. e510. [DOI:10.1016/j.
ccell.2017.03.003] [PMID]

Li, Y., Um, S. Y., & Mcdonald, T. V. (2006). Voltage-gated po-
tassium channels: Regulation by accessory subunits. The Neu-
roscientist, 12(3), 199-210. [DOI:10.1177/1073858406287717] 
[PMID]

Nazari., et al. (2025). Existence of a KATP Channel on the RER Membrane of Rat Brain Cells. BCN, 16(6),1017-1032.

http://bcn.iums.ac.ir/
https://doi.org/10.1016/j.bbamem.2010.10.005
https://www.ncbi.nlm.nih.gov/pubmed/20974108
https://doi.org/10.1016/j.neuroscience.2011.09.055
https://www.ncbi.nlm.nih.gov/pubmed/21996476
https://doi.org/10.1046/j.1365-201X.1996.212000.x
https://www.ncbi.nlm.nih.gov/pubmed/8729699
https://doi.org/10.1080/15216540152845948
https://www.ncbi.nlm.nih.gov/pubmed/11798027
https://doi.org/10.1074/jbc.271.15.8796
https://www.ncbi.nlm.nih.gov/pubmed/8621517
https://doi.org/10.1016/j.bbamcr.2014.02.019
https://www.ncbi.nlm.nih.gov/pubmed/24613282
https://doi.org/10.1152/physrev.00021.2009
https://www.ncbi.nlm.nih.gov/pubmed/20086079
https://doi.org/10.1093/hmg/11.20.2435
https://doi.org/10.1093/hmg/11.20.2435
https://www.ncbi.nlm.nih.gov/pubmed/12351579
https://doi.org/10.1126/science.270.5239.1166
https://doi.org/10.1126/science.270.5239.1166
https://www.ncbi.nlm.nih.gov/pubmed/7502040
https://doi.org/10.1038/352244a0
https://www.ncbi.nlm.nih.gov/pubmed/1857420
https://doi.org/10.1016/S0021-9258(19)57796-1
https://doi.org/10.1016/S0021-9258(19)57796-1
https://www.ncbi.nlm.nih.gov/pubmed/9593694
https://doi.org/10.1016/j.expneurol.2014.12.024
https://doi.org/10.1016/j.expneurol.2014.12.024
https://www.ncbi.nlm.nih.gov/pubmed/25828534
https://doi.org/10.1038/cddis.2011.77
https://doi.org/10.1038/cddis.2011.77
https://www.ncbi.nlm.nih.gov/pubmed/21850047
https://doi.org/10.1016/0005-2736(92)90420-Q
https://doi.org/10.1016/S0014-5793(96)01438-X
https://doi.org/10.1016/S0014-5793(96)01438-X
https://www.ncbi.nlm.nih.gov/pubmed/9003806
https://pubmed.ncbi.nlm.nih.gov/26417322/
https://doi.org/10.1007/s11916-020-00911-6
https://www.ncbi.nlm.nih.gov/pubmed/33270149
https://doi.org/10.1016/j.ceca.2014.11.004
https://www.ncbi.nlm.nih.gov/pubmed/25467968
https://doi.org/10.1242/jcs.090126
https://www.ncbi.nlm.nih.gov/pubmed/22331352
https://doi.org/10.1016/j.brainres.2003.09.046
https://doi.org/10.1016/j.brainres.2003.09.046
https://www.ncbi.nlm.nih.gov/pubmed/14642445
https://doi.org/10.1016/S0022-2828(03)00249-9
https://doi.org/10.1016/S0022-2828(03)00249-9
https://www.ncbi.nlm.nih.gov/pubmed/14596790
https://doi.org/10.1371/journal.pone.0215989
https://doi.org/10.1371/journal.pone.0215989
https://www.ncbi.nlm.nih.gov/pubmed/30998784
https://doi.org/10.1136/bmj.315.7117.1171
https://doi.org/10.1136/bmj.315.7117.1171
https://www.ncbi.nlm.nih.gov/pubmed/9393212
https://doi.org/10.1016/j.ccell.2017.03.003
https://doi.org/10.1016/j.ccell.2017.03.003
https://www.ncbi.nlm.nih.gov/pubmed/28399409
https://doi.org/10.1177/1073858406287717
https://www.ncbi.nlm.nih.gov/pubmed/16684966


Basic and Clinical

1030

November & December 2025, Vol 16, No. 6

Mayorga-Wark, O., Dubinsky, W., & Schultz, S. G. (1996). Rever-
sal of glibenclamide and voltage block of an epithelial KATP 
channel. American Journal of Physiology-Cell Physiology, 271(4), 
C1122-C1130. [DOI:10.1152/ajpcell.1996.271.4.C1122] [PMID]

Meissner, G. (1983). Monovalent ion and calcium ion fluxes in 
sarcoplasmic reticulum. Molecular and Cellular Biochemistry, 
55(1), 65-82. [DOI:10.1007/BF00229243] [PMID]

Morimoto, T., & Kasai, M. (1986). Reconstitution of sarcoplas-
mic reticulum Ca2+-ATPase vesicles lacking ion channels and 
demonstration of electrogenicity of Ca2+-pump. Journal of 
Biochemistry, 99(4), 1071-1080. [DOI:10.1093/oxfordjournals.
jbchem.a135571] [PMID]

Ng, K. E., Schwarzer, S., Duchen, M. R., & Tinker, A. (2010). The 
intracellular localization and function of the ATP-sensitive 
K+ channel subunit Kir6. 1. The Journal of Membrane Biology, 
234(2), 137–147. [DOI:10.1007/s00232-010-9241-x] [PMID]

Noma, A. (1983). ATP-regulated K+ channels in cardiac muscle. 
Nature, 305(5930), 147-148. [DOI:10.1038/305147a0] [PMID]

Oetliker, H. (1982). An appraisal of the evidence for a sarcoplas-
mic reticulum membrane potential and its relation to calcium 
release in skeletal muscle. Journal of Muscle Research & Cell Mo-
tility, 3(3), 247-272. [DOI:10.1007/BF00713037] [PMID]

Paggio, A., Checchetto, V., Campo, A., Menabò, R., Di Marco, 
G., & Di Lisa, F., et al. (2019). Identification of an ATP-sen-
sitive potassium channel in mitochondria. Nature, 572(7771), 
609-613. [DOI:10.1038/s41586-019-1498-3] [PMID] 

Paucek, P., Mironova, G., Mahdi, F., Beavis, A. D., Woldegiorgis, 
G., & Garlid, K. D. (1992). Reconstitution and partial purifica-
tion of the glibenclamide-sensitive, ATP-dependent K+ chan-
nel from rat liver and beef heart mitochondria. The Journal 
of Biological Chemistry, 267(36), 26062–26069. [DOI:10.1016/
S0021-9258(18)35717-X] [PMID]

Perillán, P. R., Li, X., Potts, E. A., Chen, M., Bredt, D. S., & Sima-
rd, J. M. (2000). Inward rectifier K+ channel Kir2. 3 (IRK3) in 
reactive astrocytes from adult rat brain. Glia, 31(2), 181-192. 
[DOI:10.1002/1098-1136(200008)31:23.0.CO;2-8] [PMID]

Quesada, I., Rovira, J. M., Martin, F., Roche, E., Nadal, A., & So-
ria, B. (2002). Nuclear KATP channels trigger nuclear Ca2+ 
transients that modulate nuclear function. Proceedings of the 
National Academy of Sciences, 99(14), 9544-9549. [DOI:10.1073/
pnas.142039299] [PMID] 

Richter, M., Vidovic, N., Honrath, B., Mahavadi, P., Dodel, R., 
& Dolga, A., et al. (2016). Activation of SK2 channels pre-
serves ER Ca 2+ homeostasis and protects against ER stress-
induced cell death. Cell Death & Differentiation, 23(5), 814-827. 
[DOI:10.1038/cdd.2015.146] [PMID] 

Rodrigo, G., & Standen, N. B. (2005). ATP-sensitive potassium 
channels. Current Pharmaceutical Design, 11(15), 1915-1940. 
[DOI:10.2174/1381612054021015] [PMID]

Rubaiy, H. N. (2016). The therapeutic agents that target ATP-
sensitive potassium channels. Acta Pharmaceutica, 66(1), 23-34. 
[DOI:10.1515/acph-2016-0006] [PMID]

Rusznak, Z., Bakondi, G., Pocsai, K., Por, A., Kosztka, L., & Pal, 
B., et al. (2008). Voltage-gated potassium channel (Kv) subu-
nits expressed in the rat cochlear nucleus. The Journal of Histo-
chemistry and Cytochemistry: Official Journal of the Histochemistry 
Society, 56(5), 443–465. [DOI:10.1369/jhc.2008.950303] [PMID] 

Salari, S., Ghasemi, M., Fahanik-Babaei, J., Saghiri, R., Sauve, 
R., & Eliassi, A. (2015). Evidence for a K ATP channel in 
rough endoplasmic reticulum (rerK ATP channel) of rat 
hepatocytes. Plos One, 10(5), e0125798. [DOI:10.1371/journal.
pone.0125798] [PMID] 

Sepehri, H., Eliassi, A., Sauvé, R., Ashrafpour, M., & Saghiri, R. 
(2007). Evidence for a large conductance voltage gated cati-
onic channel in rough endoplasmic reticulum of rat hepato-
cytes. Archives of Biochemistry and Biophysics, 457(1), 35-40. 
[DOI:10.1016/j.abb.2006.10.012] [PMID]

Singleton, W. S., Gray, M. S., Brown, M. L., & White, J. L. (1965). 
Chromatographically homogeneous lecithin from EGG phos-
pholipids. Journal of the American Oil Chemists’ Society, 42, 53-
56. [DOI:10.1007/BF02558256] [PMID]

Smith, C. O., Nehrke, K., & Brookes, P. S. (2017). The Slo (w) path 
to identifying the mitochondrial channels responsible for is-
chemic protection. The Biochemical Journal, 474(12), 2067–2094.
[DOI:10.1042/BCJ20160623] [PMID] 

Suzuki, M., Kotake, K., Fujikura, K., Inagaki, N., Suzuki, T., & 
Gonoi, T., et al. (1997). Kir6. 1: A possible subunit of ATP-sen-
sitive K+ channels in mitochondria. Biochemical and Biophysi-
cal Research Communications, 241(3), 693-697. [DOI:10.1006/
bbrc.1997.7891] [PMID]

Szabo, I., & Zoratti, M. (2014). Mitochondrial channels: Ion fluxes 
and more. Physiological Reviews, 94(2), 519-608. [DOI:10.1152/
physrev.00021.2013] [PMID]

Takeshima, H., Venturi, E., & Sitsapesan, R. (2015). New 
and notable ion‐channels in the sarcoplasmic/endoplas-
mic reticulum: Do they support the process of intracellular 
Ca2+ release? The Journal of Physiology, 593(15), 3241-3251. 
[DOI:10.1113/jphysiol.2014.281881] [PMID] 

Teisseyre, A., Palko-Labuz, A., Sroda-Pomianek, K., & Micha-
lak, K. (2019). Voltage-gated potassium channel Kv1. 3 as 
a target in therapy of cancer. Frontiers in Oncology, 9, 933. 
[DOI:10.3389/fonc.2019.00933] [PMID] 

Tricarico, D., Mele, A., Lundquist, A. L., Desai, R. R., George, A. 
L., & Camerino, D. C. (2006). Hybrid assemblies of ATP-sen-
sitive K+ channels determine their muscle-type-dependent 
biophysical and pharmacological properties. Proceedings of the 
National Academy of Sciences, 103(4), 1118-1123. [DOI:10.1073/
pnas.0505974103] [PMID] 

Waza, A. A., Bhat, S. A., Hussain, M. U., & Ganai, B. A. (2018). 
Connexin 43 and ATP-sensitive potassium channels cross-
talk: A missing link in hypoxia/ischemia stress. Cell and Tis-
sue Research, 371(2), 213-222. [DOI:10.1007/s00441-017-2736-3] 
[PMID]

Welling, P. A., & Ho, K. (2009). A comprehensive guide to the 
ROMK potassium channel: Form and function in health and 
disease. American Journal of Physiology-Renal Physiology, 297(4), 
F849-F863. [DOI:10.1152/ajprenal.00181.2009] [PMID] 

Wheeler, A., Wang, C., Yang, K., Fang, K., Davis, K., & Styer, 
A. M., et al. (2008). Coassembly of different sulfonylurea re-
ceptor subtypes extends the phenotypic diversity of ATP-sen-
sitive potassium (KATP) channels. Molecular Pharmacology, 
74(5), 1333-1344. [DOI:10.1124/mol.108.048355] [PMID] 

Nazari., et al. (2025). Existence of a KATP Channel on the RER Membrane of Rat Brain Cells. BCN, 16(6),1017-1032.

http://bcn.iums.ac.ir/
https://doi.org/10.1152/ajpcell.1996.271.4.C1122
https://www.ncbi.nlm.nih.gov/pubmed/8897818
https://doi.org/10.1007/BF00229243
https://www.ncbi.nlm.nih.gov/pubmed/6312285
https://doi.org/10.1093/oxfordjournals.jbchem.a135571
https://doi.org/10.1093/oxfordjournals.jbchem.a135571
https://www.ncbi.nlm.nih.gov/pubmed/2423509
https://doi.org/10.1007/s00232-010-9241-x
https://www.ncbi.nlm.nih.gov/pubmed/20306027
https://doi.org/10.1038/305147a0
https://www.ncbi.nlm.nih.gov/pubmed/6310409
https://doi.org/10.1007/BF00713037
https://www.ncbi.nlm.nih.gov/pubmed/6752197
https://doi.org/10.1038/s41586-019-1498-3
https://www.ncbi.nlm.nih.gov/pubmed/31435016
https://doi.org/10.1016/S0021-9258(18)35717-X
https://doi.org/10.1016/S0021-9258(18)35717-X
https://www.ncbi.nlm.nih.gov/pubmed/1464617
https://doi.org/10.1002/1098-1136(200008)31:23.0.CO;2-8
https://www.ncbi.nlm.nih.gov/pubmed/10878604
https://doi.org/10.1073/pnas.142039299
https://doi.org/10.1073/pnas.142039299
https://www.ncbi.nlm.nih.gov/pubmed/12089327
https://doi.org/10.1038/cdd.2015.146
https://www.ncbi.nlm.nih.gov/pubmed/26586570
https://doi.org/10.2174/1381612054021015
https://www.ncbi.nlm.nih.gov/pubmed/15974968
https://doi.org/10.1515/acph-2016-0006
https://www.ncbi.nlm.nih.gov/pubmed/27029082
https://doi.org/10.1369/jhc.2008.950303
https://www.ncbi.nlm.nih.gov/pubmed/18256021
https://doi.org/10.1371/journal.pone.0125798
https://doi.org/10.1371/journal.pone.0125798
https://www.ncbi.nlm.nih.gov/pubmed/25950903
https://doi.org/10.1016/j.abb.2006.10.012
https://www.ncbi.nlm.nih.gov/pubmed/17118328
https://doi.org/10.1007/BF02558256
https://www.ncbi.nlm.nih.gov/pubmed/14228472
https://doi.org/10.1042/BCJ20160623
https://www.ncbi.nlm.nih.gov/pubmed/28600454
https://doi.org/10.1006/bbrc.1997.7891
https://doi.org/10.1006/bbrc.1997.7891
https://www.ncbi.nlm.nih.gov/pubmed/9434770
https://doi.org/10.1152/physrev.00021.2013
https://doi.org/10.1152/physrev.00021.2013
https://www.ncbi.nlm.nih.gov/pubmed/24692355
https://doi.org/10.1113/jphysiol.2014.281881
https://www.ncbi.nlm.nih.gov/pubmed/26228553
https://doi.org/10.3389/fonc.2019.00933
https://www.ncbi.nlm.nih.gov/pubmed/31612103
https://doi.org/10.1073/pnas.0505974103
https://doi.org/10.1073/pnas.0505974103
https://www.ncbi.nlm.nih.gov/pubmed/16418275
https://doi.org/10.1007/s00441-017-2736-3
https://www.ncbi.nlm.nih.gov/pubmed/29185069
https://doi.org/10.1152/ajprenal.00181.2009
https://www.ncbi.nlm.nih.gov/pubmed/19458126
https://doi.org/10.1124/mol.108.048355
https://www.ncbi.nlm.nih.gov/pubmed/18723823


Basic and Clinical

1031

November & December 2025, Vol 16, No. 6

Williamson, C. D., Wong, D. S., Bozidis, P., Zhang, A., & Col-
berg‐Poley, A. M. (2015). Isolation of endoplasmic reticulum, 
mitochondria, and mitochondria‐associated membrane and 
detergent resistant membrane fractions from transfected 
cells and from human cytomegalovirus‐infected primary fi-
broblasts. Current Protocols in Cell Biology, 68, 3.27.1–3.27.33.
[DOI:10.1002/0471143030.cb0327s68] [PMID] 

Wojtovich, A. P., Urciuoli, W. R., Chatterjee, S., Fisher, A. B., 
Nehrke, K., & Brookes, P. S. (2013). Kir6. 2 is not the mito-
chondrial KATP channel but is required for cardioprotec-
tion by ischemic preconditioning. American Journal of Physi-
ology-Heart and Circulatory Physiology, 304(11), H1439-H1445. 
[DOI:10.1152/ajpheart.00972.2012] [PMID] 

Wulff, H., Castle, N. A., & Pardo, L. A. (2009). Voltage-gated po-
tassium channels as therapeutic targets. Nature Reviews.Drug 
Discovery, 8(12), 982-1001. [DOI:10.1038/nrd2983] [PMID] 

Xu, H., Martinoia, E., & Szabo, I. (2015). Organellar channels 
and transporters. Cell Calcium, 58(1), 1-10. [DOI:10.1016/j.
ceca.2015.02.006] [PMID] 

Yazawa, M., Ferrante, C., Feng, J., Mio, K., Ogura, T., & Zhang, 
M., et al. (2007). TRIC channels are essential for Ca 2+ handling 
in intracellular stores. Nature, 448(7149), 78-82. [DOI:10.1038/
nature05928] [PMID]

Zawar, C., Plant, T., Schirra, C., Konnerth, A., & Neumcke, B. 
(1999). Cell-type specific expression of ATP-sensitive potas-
sium channels in the rat hippocampus. The Journal of Physiol-
ogy, 514(Pt 2), 327-341. [PMID] 

Zhang, W., Das, P., Kelangi, S., & Bei, M. (2020). Potassium 
channels as potential drug targets for limb wound repair 
and regeneration. Precision Clinical Medicine, 3(1), 22-33. 
[DOI:10.1093/pcmedi/pbz029] [PMID] 

Zhou, M., Tanaka, O., Sekiguchi, M., He, H. J., Yasuoka, Y., & 
Itoh, H., et al. (2005). ATP-sensitive K+-channel subunits 
on the mitochondria and endoplasmic reticulum of rat car-
diomyocytes. The Journal of Histochemistry and Cytochemistry, 
53(12), 1491-1500. [DOI:10.1369/jhc.5A6736.2005] [PMID] 

Nazari., et al. (2025). Existence of a KATP Channel on the RER Membrane of Rat Brain Cells. BCN, 16(6),1017-1032.

http://bcn.iums.ac.ir/
https://doi.org/10.1002/0471143030.cb0327s68
https://www.ncbi.nlm.nih.gov/pubmed/26331984
https://doi.org/10.1152/ajpheart.00972.2012
https://www.ncbi.nlm.nih.gov/pubmed/23585131
https://doi.org/10.1038/nrd2983
https://www.ncbi.nlm.nih.gov/pubmed/19949402
https://doi.org/10.1016/j.ceca.2015.02.006
https://doi.org/10.1016/j.ceca.2015.02.006
https://www.ncbi.nlm.nih.gov/pubmed/25795199
https://doi.org/10.1038/nature05928
https://doi.org/10.1038/nature05928
https://www.ncbi.nlm.nih.gov/pubmed/17611541
https://pubmed.ncbi.nlm.nih.gov/9852317/
https://doi.org/10.1093/pcmedi/pbz029
https://www.ncbi.nlm.nih.gov/pubmed/32257531
https://doi.org/10.1369/jhc.5A6736.2005
https://www.ncbi.nlm.nih.gov/pubmed/15983113


This Page Intentionally Left Blank


