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Mathematical model 
We used a physiologically detailed mathematical model of the ventricular myocyte by Shiferaw 

et al (Shiferaw et al., 2005) . 

The fast sodium current ( NaI ).       
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The slow time constant of recovery of the sodium channel is given by   )(1 jjj   .  For the 

tissue simulations we increase j  by a factor of 3 i.e. 3/jj    and 3/jj    in order to 

increase the steepness of the conduction velocity restitution. 

 

The transient outward K+
 current ( toI ):   
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Inward rectifier K+
 current ( 1KI ):   
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The Rapid component of the delayed rectifier K+  current (
KrI ):   
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The slow component of the delayed rectifier K+  current ( KsI ): 

For ISK2 simulations, we used Shiferaw et al (Shiferaw et al., 2005) IKs, which does not have a 

Ca-sensitive component. This ensures that negative Cai→Vm coupling is due to ISK2 
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For IKs simulations, we used Mahajan et al (Mahajan et al., 2008) IKs 
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The plateau potassium current ( KpI ):   
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The sodium-calcium exchanger ( NaCaJ ):    
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The L-type Cai current flux ( CaJ ):  
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The SR Cai release vs. SR Cai load relationship:      
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where the flux )( jcQ  is in units of 10
-6

 M/ms, and where us 11090 . 

 

SERCA pump:      

In order for the formation of spatially discordant alternans, fluctuations in Ca cycling is crucial.  

We used fluctuations due to the finite number of SERCA channels in the cell following Sato et 

al.(Sato et al., 2006)  In this model, each SERCA pump is modeled as a two state system with 

closed (C) and open (O) states that obey 

 

𝐶
𝑘+

⇋
𝑘−

𝑂   , 
(1) 
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where the open rate is 𝑘+𝑐𝑖
2 and the closed rate is a constant 𝑘−.  Here, the open rate is taken to 

be a function of the diastolic Ca concentration 𝑐𝑖.  Given this reaction scheme then the total 

uptake current is 

 

𝐽𝑢𝑝(𝑡) = 𝑁𝑢𝑝 ⋅ 𝑝 ⋅ 𝑖𝑢𝑝, (2) 

where 𝑖𝑢𝑝 is the single channel flux in the open state, 𝑝 is the fraction of SERCA channels open, 

and where 𝑁𝑢𝑝 is the total number of SERCA channels within a sarcomere.  Following Fox et 

al.(Fox & Lu, 1994) the fraction of open SERCA channels is approximated by the Langevin 

equation 
 

𝑑𝑝

𝑑𝑡
= 𝑘+𝑐𝑖

2(1 − 𝑝) − 𝑘−𝑝 + 𝜂(𝑡)  , 
(3) 

where 𝜂(𝑡) is a noise term that satisfies 

 

〈𝜂(𝑡)𝜂(𝑡′)〉 =
𝑘+𝑐𝑖

2(1 − 𝑝) + 𝑘−𝑝

𝑁𝑢𝑝
  𝛿(𝑡 − 𝑡′)  . 

 

(4) 

This approach accounts for the stochastic fluctuations of Ca cycling due to the finite number of 

SERCA pumps in the cell.  Spatially discordant alternans can be formed by Turing instability 

(Sato et al., 2006) or competition between diffusion and fluctuations (Sato et al., 2014). For 

these mechanisms, stochasticity in the model is essential. We used the stochastic SERCA pump 

for tissue simulations. For the single cell simulations, we used the deterministic SERCA pump 

model (i.e. Nup→∞)(Sato et al., 2006) or competition between diffusion and fluctuations . For 

these mechanisms, stochasticity in the model is essential. We used the stochastic SERCA pump 

for tissue simulations. For the single cell simulations, we used the deterministic SERCA pump 

model (i.e. Nup→∞) 

 

Nonlinear buffering: 

Instantaneous buffering of calcium to SR, calmodulin, and Troponin C sites in the submembrane 

and bulk myoplasm are accounted for by the functions  
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TABLES 

Table 1: cytosolic buffering parameters 

Parameter                               Definition                                                  Value 

TB                       Total concentration of Troponin C                               70 mol/l cytosol 

SRB                      Total concentration of SR binding sites                       47 mol/l cytosol 

CdB                      Total concentration of Calmodulin binding sites         24 mol/l cytosol 

TK                       Dissociation constant for Troponin C                          0.6 M 

SRK                      Dissociation constant for SR binding sites                   0.6 M 

CdK                      Dissociation constant for Calmodulin binding sites     7 M 

 

Table 2: SR release parameters 

Parameter                                         Definition                                               Value 

r                                     Spark lifetime                                                           20 ms 

a                                    NSR-JSR diffusion time constant                             50 ms 

g                                     Release current strength                                      
4105.7  sparks/M 

u                                     Release slope                                                           1.5~18 ms
-1   

 

 

Table 3:  Exchanger and uptake parameters 

Parameter                             Definition                                                  Value  

upc                                 Uptake threshold                                               0.5 M 

upv                                 Strength of exchanger                                       0.25 M/ms 

NaCag                            Luo-Rudy II constant                                         6 M/ms 

satk                                Luo-Rudy II constant                                         0.1 

                                   Luo-Rudy II constant                                         0.35 

NamK ,                            Luo-Rudy II constant                                       87.5 mM 

CamK ,                            Luo-Rudy II constant                                       1.38 mM 

 

Table 4: Physical constants and ionic concentrations 

Parameter                                Definition                                                Value  

mC                                      Cell capacitance                                          41066.1   F 

 iv                                       Cell volume                                                 51058.2  l 

 sv                                       Submembrane volume                                iv1.0  

F                                        Faraday constant                                         96.5 C/mmol 

R                                        Universal gas constant                                8.315 Jmol
-1

K
-1 

T                                        Temperature                                                308 K 

iNa ][ 
                              Internal sodium concentration                    10 mM  

oNa ][ 
                             External sodium concentration                    140 mM 

iK ][ 
                                Internal potassium concentration                149.4 mM 

oK ][ 
                               External potassium concentration               4.0 mM 

oCa ][ 2
                            External calcium concentration                   1.8 mM 
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Table 5: Ion current conductance 

Parameter                             Definition                                                  Value  

Nag                              Peak NaI  conductance                                   12 mS/F 

tog                               Peak toI  conductance                                     0.1 mS/F 

1Kg                              Peak 1KI  conductance                                    2.8 mS/F 

Krg                              Peak KrI  conductance                                     0.0136 mS/F 

Ksg                              Peak KsI  conductance                                     0.0245 mS/F 

Kpg                              Peak KpI  conductance                                     0.00221 mS/F 

 

Table 6: L-type Ca channel parameters 

Parameter                          Definition                                                                        Value  

Cag                       Adjustable strength of JCa                                                      
31046.1  Ml/C/ms    

f                         Voltage dependent inactivation gate constant                        30~200 ms 

                           Exponent for Ca-induced inactivation                                      0.7 

sc~                          Calcium inactivation threshold                                                  1.0 M  

d                         Voltage dependent activation gate time constant                          5 ms  

fca                       Calcium-induced inactivation gate time constant                         20 ms  
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