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What have we learned from two-pore potassium channels? 
Their molecular configuration and function in the human 
heart
Viktória Szûts1*, Ferenc Ötvös1, László Dézsi2, Csaba Vágvölgyi3, Balázs Szalontai4,   
Halina Dobrzynski5, Mark Boyett5, Henggui Zhang6, Julius G Papp7,8, András Varró7,8,   
Sándor Benyhe1, Lajos Erdélyi9

ABSTRACT                        Two-pore domain potassium channels (K2P) control excitability, stabilize the resting 
membrane potential below firing threshold, and accelerate repolarisation in different cells. Until 
now, fifteen different genes for the six K2P channel subfamily were cloned. The pore-forming 
part is translated from two genes and they are built up from a dimer of two two-unit trans-
membrane domains functioning with a wide spectrum of physiological profiles. K2P ion channels 
were discovered in the last two decades and gave novel opportunity to recognize the complex 
molecular mechanism of the potassium ion flux, and may lead to the design of individual drug 
targeting in the future. In this review, we summarise the structure, function, channelopathies 
and pharmacological silhouette of the two-pore potassium channels in the human tissues. In 
addition, we present the computer model of the partially reconstructed wild type K2P1/TWIK1 
lacking the intracellular C and N terminal loops. Acta Biol Szeged 56(2):93-107 (2012)
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Binding partners of K2P channels

Figure 1. Schematic illustration of two-pore domain channels. Two pore-forming -subunits associate as a dimer (right). TM1-4, transmembrane 
domain 1-4; P1, Pore-loop 1; P2, Pore-loop 2.



Table1. mRNA expression and special function of two-pore channels in the human tissues. (reviews by: Lesage et al. 1996a,b, 
2000a,b; Lazdunsky et al. 2000; Bayliss et al. 2008; Enyedi et al. 2010).

Gene Acc.No. Protein Expression Function References

KCNK1 NM_002245               TWIK-1/
K2P1.1

brain, heart, kidney, liver, lung, 
ovary, pancreas, placenta, pros-
tate,  intestine, testis, colon

week inward rectifier;  cell 
volume regulation; in K+ 
secretion; may inhibits growth 
of tumor cells; deafness-asso-
ciated sensitization 

Lazdunsky et al. 2000  
Millar et al. 2006 
Gaborit et al. 2007
 

KCNK6 NM_004823                  TWIK-2/
K2P6.1

heart, kidney, liver, lung, ovary, 
pancreas, placenta, prostate, 
intestine, spleen, thymus

week inward rectifier; in K+ 
secretion;   

Millar et al. 2006

KCNK7 NM_033347 v. A  
NM_033348 v. B
NM_005714 v. C
NM_033455 v. D
BC004367                                                                     

KCNK7/
K2P7.1

brain, heart, kidney, liver, lung, 
ovary, pancreas, placenta, pros-
tate, skeletal muscle, intestine, 
spleen

functional currents not known 
var. A:longest transcript, B: 
shortest
C: the least abundant

Goldstein et al. 2001

KCNK2 AF129399 v1
NM_014217 v2 
NM_001017425 v3
                               

TREK-1/
K2P2.1

brain, heart, kidney, ovary, pros-
tate, skeletal muscle, intestine, 
testis

temperature and mechanical 
pain sensation; neuroprotec-
tion by PUFA; nociception; 
cardioprotection.

Lazdunsky et al. 2000
Cohen et al. 2008, 2009b

KCNK10 NM_021161 v. 1 
NM_138317 v.2 
NM_138318  v.3                                       

TREK-2/
K2P10.1

brain, kidney, heart mechanical stretching Kim et al. 2000a
Lesage et al. 2000a,b
Kazanski et al. 2010 

KCNK4 AF247042                TRAAK/
K2P4.1

brain, kidney, placenta, prostate, 
intestine, testis

modulated by PUFA and 
temperature

Kim et al. 2000b
Kang et al. 2005

KCNK3 NM_001017424v.1 
NM_014217  v.2
NM_002246  v.3                                    

TASK-1/
K2P3.1

brain, heart, kidney, liver, lung, 
pancreas, placenta, prostate, 
intestine

sensitive to changes in extra-
cellular  acidic pH 

Cohen et al. 2008

KCNK5 NM_003740               TASK-2/
K2P5.1

heart, kidney, liver, lung, pan-
creas, placenta, ovary 

renal acidosis; regulation of 
respiration; osmotic vol-
ume regulation; sensitive 
to changes in extracellular 
alkaline pH

Gestreau et al. 2010
Olschewski et al. 2008
Hoste et al. 2007

KCNK9 NM_016601
NG_012842                            

TASK-3/
K2P9.1

brain, heart, kidney, liver, lung sensitive to changes in 
extracellular alkaline 
pH;characteristic dismorphism 

Cohen et al. 2008, 2009b

KCNK16 NM_001135105v.1
NM_032115 v2
NM_001135106v.3
NM_001135107v.4                                                

TALK-1/
K2P16.1

brain, heart, kidney, liver contribute to bicarbonate 
reabsorbtion; control of 
apoptotic volume of kidney 
proximal cells

Cho et al. 2012
Duprat et al. 2005

KCNK17 NM_031460  v.1  
NM_001135111v.2
                    

TALK-2/
K2P17.1

exocrine pancreas, heart role in the ischemic stroke Domingues-Montanaria et 
al. 2010 
Girard et al. 2001

KCNK15 NM_022358               TASK-5/
K2P15.1

olfactory bulb mitral cells, cer-
ebellar Purkinje cells

sensitive to changes in extra-
cellular alkaline pH,
functional currents not known 

Marsh et al. 2012

KCNK13 NM_022054               THIK-1/
K2P13.1

in the proximal and distal neph-
ron of kidney

stimulated by arachidonic acid Rajan et al. 2001
Theiliget al.  2008
Morrison et al. 2010

KCNK12 NM_022055 
NG_007110                         

THIK-2/
K2P12.1

kidney, brain, heart functional currents not known Nyholt et al. 2008
Theilig et al.2008

KCNK18 NG_028085              TRESK/
K2P18.1

brain temperature detection; noci-
ception;  migraine and related 
disorders; immunmodulators

King et al. 2004
Lafrenière et al. 2011



Molecular model of the human K2P1.1/TWIK1 
channels

Discussion

Table 2. Associated proteins involved in the regulation and modulation of two-pore channels. Acronyms: ADP-ribosylation Factor 6, 
ARF6; A-kinase anchoring protein 150, AKAP150; protein kinase A, PKA; Coatomer protein complex 1 COPI; Endoplasmic reticulum, 
ER; Exchange Factor for ADP-ribosylation factor 6, EF6; microtubule-associated protein,  Mtap2; protein kinase C, PKC; HIV encoded 
partner, 14-3-3;  NADPH oxidase 4, NOX4; Viral protein U 1, Pvu1; Polyunsaturated fatty acid, PUFA; Small Ubiquitin-related Modifier 
Protein, SUMO; Tyrosine kinase, TK.

Gene Protein Binding 
partners

Presumed role References

KCNK1 TWIK1/
K2P1.1

SUMO 
ARF6/EF6

‘Silences’ the channel: controls open probability
by reversible linkage to K2P1
Enhances channel internalization

Rajan et al.2005 Mathie et al. 2010

KCNK6 TWIK2/
K2P6.1

TK TK inhibition reduces beneficial effects on cardiac ischaemic pre-
conditioning and cardioprotection

Gierten et al. 2008
Cho et al. 2005
Gierten et al. 2008

KCNK3 TASK1/
K2P3.1

14-3-3
COPI
TK, PKA
Pvu1
NOX4

Increases the surface expression of the channel
Channel is retained in the ER
TK-related block may cause prolonged  repolarization and, per-
haps, dysregulation of cardiac pacemaker activity
Assembly-dependent degradation, diminishes channel number by 
increasing the degradation 
Confers O2 sensitivity on channel

Rajan et al. 2002
Zuzarte et al. 2009
Mathie et al. 2010
O’Kelly et al. 2002
Gierten et al. 2008

KCNK5 TASK2/
K2P5.1

14-3-3 Increases the surface expression of the channel Rajan et al. 2002

KCNK9 TASK3/
K2P9.1

14-3-3
COPI
TK

Regulates channel number by controlling the forward transport to 
the plasma membrane
Channel is retained in the ER
Effects on cardiac ischaemic preconditioning and cardioprotection

Zuzarte et al. 2009
Mathie et al. 2010
O’Kelly et al. 2002
Gierten et al. 2008

KCNK2 TREK1/
K2P2.1

Mtap2
14-3-3
AKAP150
PKC

Enhances surface expression and current density
Increased current by binding to regulatory domain

PKC-mediated phosphorylation decreases the open probability 

Rajan et al. 2002
Sandoz et al. 2006 Sandoz et al. 
2008
Plant et al.2005

KCNK13 THIK-1/
K2P13.1

TK Effects on cardiac ischaemic preconditioning and cardioprotection Gierten et al. 2008

KCNK18 TRESK/
K2P18.1

14-3-3
calcineurin

Regulates calcineurin-mediated activation of the channel Czirjak et al. 2008



Expression and function of two-pore domains 
channels 

Figure 2. The dimer of the wild type channel. The reconstituted residues 
of the chains are shown in yellow and the cistin bridge by atom type 
(C in green, O in red, N in blue).

Figure 3. The specific residues in selectivity filter 1 and in pore helix 1 (A) and in selectivity filter 2 and in pore helix 2 (B). Residues in the selec-
tivity filters are coloured by atom type (C in green, O in red, N in blue), the differing Tyr and Phe in the pore helices shown in yellow.



Figure 4. The protein expression of two-pore domain ion channels in the human left ventricle of the heart. (A) K2P1.1/TWIK-1 immunolocalized 
in the intercalated discs of the left ventricle. (B) K2P3.1/TASK1 proteins expressed in the intercalated discs and the lateral side of sarcolemma.





Physiological effects on the K2P domain channels 
and their pharmacological targeting 

Physiological roles and pharmacological 
properties 



Pharmacological effects on cardiac K2P channels

 

K2P channel related regulation, trafficking 
and diseases with treatments

Molecular mechanism of the regulations of two-
pore domain channels 



Diseases refer to K2P channels with treatments
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