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Calcium activated K+ channel

In red blood cells
: Cytosolic Ca2+ ↑ K+ permeability ↑

G´ardos G. Biochim. Biophys. Acta 1958;30:653–54

: pharmacological manipulation of cytosolic Ca2+ 

 the identification of Ca2+ -dependent K+ channels 
in molluscan neurons



Calcium activated K+ channel

Schumacher, MA. et al. Nature 2001;410:1120–1124.



Berkefeld H, et al. Physiol rev 2010;90:1437-1459
Vergara C et al. Current Opinion in Neurobiology 1998;8:321-329

1. Big-conductance Ca2+ activated K channel 
- BK channel, 100-200 pS
- smooth muscle, adrenal gland

brain, auditory sensory hair cell                           
- Voltage-dependent  

2. Small –conductance Ca2+ activated K channel 
- SK channel, 10-20 pS
- SK1, SK2 : CNS neuron

SK3 : neuronal and glial cell
- Voltage-independent    

3. Intermediated-conductance Ca2+ activated K channel 
- IK channel, SK4,11-40 pS
- non-neuronal cell : muscle, epithelia, blood cell

Calcium activated K+ channel



SK channel

Ca2+ sensitivity : CK2/PP2A 

Adelman JP et al. Annu. Rev. Physiol. 2012. 74:5.1–5.25



Function of SK channel in Neurons

Pedarzani, P. et al. J. Biol. Chem. 2001;276: 9762–9769
Stocker, M. et al. Proc. Natl Acad. Sci. USA 1999;96: 4662–4667

1‐EBIO : 1‐ethyl‐2‐benzimidazolinone
SK channel enhancer



Function of SK channel in Neurons

Cingolani, LA, et al. Neurosci. 2002;22: 4456–4467.

1-EBIO

1-EBIO + Apamin



Cingolani, LA, et al. Neurosci. 2002;22: 4456–4467.

Spike-frequency adaptation 
: Regulator of spike-timing precision

Function of SK channel in Neurons



Apamin
 Bee venom toxin
 Polypeptide of 18 amino acids with two disulfide bridges
 Isolated from Apis mellifera., 



Xu Y, et al. JBC, 2003;278:49085-49094

SK channel in heart





APD in normal and failing ventricles



Effect of apamin in normal and failing ventricles



Effect of apamin on postshock APD in failing ventricles
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Apamin-sensitive currents in normal and failing ventricles



Repolarization reserve

Nattel D, et al. Physiol Rev 2007;87:425–456.





Mechanism of post-MI ventricular arrhythmia

Peters NS, e t al. Circulation 1997;95:988–996.



Ursell PC, et al. Circ Res, 1985;56:436-451

Electrical remodeling in ischemia and infarction

Down regulation
- INa, Ito, IKr, IKs, ICaL



Purpose

To perform optical mapping studies and patch clamp 

studies to test the hypothesis that there is up-

regulation of IKAS in rabbit ventricles with chronic MI, 

and that IKAS contributes significantly to ventricular 

repolarization in chronic MI ventricles.



Method
New Zealand white female rabbit (3.5-4 Kg)

(N=42)

Chronic MI
(N=25)

Control 
(N=17)

Optical mapping
(N=10)

Optical mapping
(N=6)

Patch clamping
(N=10)

Patch clamping
(N=6)

Western blot
(N=5)

Western blot
(N=5)

Whole heart 

Single cell

Protein
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Effect of apamin on APD
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IKAS in MI rabbits



Western blotting of SK2 protein in MI rabbits



Summary (I) 
 The APD80 and CaiTD80 in the peri-infarct zone and 

remote zone were both shorter than the corresponding 
sites in the normal ventricles.

 Apamin prolonged APD80 in normal and MI ventricles, 
the degree of prolongation was greater in MI than in 
normal ventricles.

 Apamin did not affect ∆APD80 in normal ventricles, but 
significantly increased ∆APD80 in MI ventricles. 

 There was significant APD80 prolongation after apamin, 
but no additional changes after glibenclamide administration.



 Mean IKAS density, which is determined as the apamin-
sensitive difference current, was significantly larger in 
peri-infarct zone of MI than in normal ventricular epicardial
myocytes.

 Steady-state Ca2+ sensitivity of IKAS was leftward-shifted in 
the MI cells compared to normal cells.

 In terms of SK2 protein, Although there was a trend of 
increased ratio in peri-infarct zone and remote zone 
versus control,  the difference was not statistically 
significant.

Summary (II) 



Conclusion

 Chronic MI is associated with a significantly 

increased IKAS density and the IKAS sensitivity to 

intracellular Ca. 

 IKAS contributes significantly to ventricular 

repolarization and repolarization reserve in MI 

ventricles.



Thank you for your attention







Endothelium-dependent vasodilatation



Blocker and activator of SK, IK and BK channels



Apamin (0.1 uM)Before
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Hugues, M., et al. Proc. Natl. Acad. Sci. USA, 1982;79:1308‐1312.

Identification of SK channel in Neurons





Survival in post-MI 


