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APPENDIX S2: PF CELL MODEL 

General equations 
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TABLE S2. Model parameter values 
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APPENDIX S3: VENTRICULAR CELL MODEL  

General equations 

 

mC

I

t

V ion

d

d
  

pSLCa,bK,bCl,bCa,bNa,NaKNaCaKpK1KsKrtoLCa,Naion IIIIIIIIIIIIIII   

 

Fast Na
+
 current 

 

 NaEVhjmgI  3

NaNa  

m

mm

t

m




 

d

d

 

mm

mm
βα

α


 ,   

mm

m
βα

0.1


  

gKp 

gNa,b 

gCa,b 

gK,b 

gCl,b 

KmCao  

KmNao 

KmNai 

KmCai 

[Na
+
]o 

[Ca
2+

]o 

[K
+
]o 

[Cl
-
]o 

[Na
+
]i 

[Ca
2+

]i 

[K
+
]i 

[Cl
-
]i 

R 

F  

T 

1×10
-6

  μS/pF 

2.97 ×10
-8

  μS/pF 

3.52 ×10
-7

  μS/pF 

5×10
-8

  μS/pF 

2.7×10
-7

  μS/pF 

1.3  mM 

87.5 mM 

12.29 mM 

3.59×10
-3

 μM 

140.0 mM 

1.800 mM 

5.400 mM 

150 mM 

8.8 mM 

0.100 μM 

135 mM 

30 mM 

8314 mJ/mol
 o
C 

96487 C/mol 

35
o
C 



 
 13.471.01

13.4732.0
α






Vm
e

V
,   0.1108.0β V

m e
 

h

hh

t

h




 

d

d
,   

j

jj

t

j




 

d

d

 

hh

hh
βα

α


 ,   

hh

h
βα

0.1




 

jj

j
j

βα

α


 ,   

jj

j
βα

0.1


  

 

If V >= -40 mV  

0α h ,   
  1.1166.100.113.0

0.1
β




Vh
e  

0α j ,   
 

 0.321.0

10535.2

0.1

3.0
β

7










V

V

j
e

e
 

Else  
  8.6/80135.0α  V

h e ,   VV

h ee 35.05079.0 101.356.3β 
 

 
 23.79311.0

0439.052444.05

0.1

78.3710474.3102714.1
α










V

VV

j
e

Vee
 

 14.401378.0

01052.0

0.1

1212.0
β








V

V

j
e

e
 

 

Late Na
+ 

current  

 

 NaLL EVhmgI  NaLNaL  

Lm

LLL
mm

t

m




 

d

d
 

mLmL

Lm
Lm

βα

α





,   

mLmL

mL
βα

0.1


  

 

 
 13.471.01

13.4732.0
α






Vm
e

V
l

,   
0.1108.0β V

m e
l

  

 

hL

LLL
hh

t

h




 

d

d
 

  1.6/690.1

0.1



 Ve

h
L

 

V

h e
L

02325.08.1124.132 

  

L-type Ca
2+

 current  

 

   0.6012.08.0 Ca21LCa,LCa,  VfffdgI  

 



d

dd

t

d




 

d

d
 

  0.45.81

0.1





Ve
d ,    

 

 


























 5.8035.0

1

0.1

0.1
4.0

0.4/5.8

0.4/5.8 V

e

e

V

Vd  

1

11

d

d

f

ff

t

f




  ,  

2

22

d

d

f

ff

t

f




   

  0.6/06.280.1

0.1





Ve
f ,  

    5/405/20 0.1

0.20

0.1

0.20
8

1  





VVf
ee

 ,
 

0.55
0.1

0.30
5

5/302





 Vf
e


 

  CaCajct

2Ca 0029.01][Ca275.0
d

ff
t

f
   

 

Transient outward K
+
 current  

 

tostos III to  

  Kstostos EVRYXgI  5.0tostos  

 Ktoftof EVYXgI  toftof  

Xtos

tostostos
XX

t

X




 

d

d
, 

Ytos

tostostos
YY

t

Y




 

d

d
,

Xtof

toftoftof
XX

t

X




 

d

d
,

Ytof

toftoftof
YY

t

Y




 

d

d
 

  15/0.30.1

0.1



 Vtos

e
X ,   5.0

e 1.0

9.0
15/3.0V





Xtos  

  10/5.330.1

0.1



 Vtos

e
Y ,   30

e 1.0

3000.0
10/60.0V





Ytos  

  15/0.30.1

0.1



 Vtof

e
X ,   5.15.3

2
30/   V

Xtof e  

  10/5.330.1

0.1



 Vtof

e
Y ,   20

e 1.0

20.0
10/.533V





Ytof  

  10/5.330.1

0.1



 Vs

e
R  

 

Fast delayed rectifier K
+
 current  

 

)( KKrKr EVRXgI r    

4.5]K[03.0 0Kr

g  

 

  5.7350.500.1

0.1





Vr
e

X ,   
  

 
 

  0.1

350.1000061.0

350.700138.0

10.1
350.10145.0

357123.0















V

V

Xr
e

V

V

e
  

 

rX

rrr XX

t

X




 

d

d
 



0.05Ve 0.6 1.0

1.0


R  

 

Slow delayed rectifier K
+
 current  

 

)( K

2

SLKs,ksKs EVXggI   

  











 6.0/2.7SLKs,
0.1

19.0
057.014.0

Cap
e

g  

 

  0.310]Ca[log0.1 32

10  

iCap  

 

X

XX

t

X




 

d

d
 

  0.135.10.1

0.1





Ve
X ,   

 
0.125

e1.0

0.300
0.15/20-V



X  

 

Inward rectifier K
+
 current  

 

 KEVKgI  1K1K1  

11

11
KK

KK





  

  5215.592385.01
1

02.1





KEVK
e

  

     

  5753.45143.0

531.59406175.055.50803.0

1
0.1

49.0









K

KK

EV

EVEV

K
e

ee
  

 

Plateau K
+
 current   

 

 KKp EVIgI
Kp

 KpKp  

  98.5/488.7Kp
0.1

0.1
Kp Ve

I


  

 

Ca
2+

 actvation Cl
-
 Current  

 

 Cl2Cl
]Ca/[1.00.1

EV
IAg

I
i

Cl 





  

  0.10/0.50.1

0.1





Ve
A  

I

II

t

I




 

d

d
 

  0.10/75.0Ve1.0

1.0



I , 

  
0.10

e1.0

10.0
0.10/33.5V





I  

 

 



Na
+
-Ca

2+
 exchanger current  

 

   2NaCaNaCa

/135.0

)135.0(

i

23

o

NaCa

1
27.00.1

]Ca[]Na[A

dde

e
I

RTVF

RTVF










 

  
  32

/35.023

Ca256.00.1

0.1
]Ca[]Na[0.9A

i

RTVF

oi e







 

 

 

 

  iooimNaiomCa ii
KKd ]Ca[]Na[]Ca[]Na[)/]Na([1]Na[ 232333

NaCa
2

   

 

 

Na
+
-K

+
 pump current  

 
 5.1]K[

]Na/[0.111

]K[
907.1

4NaK 


 





o

i

o
NakfI  

RTVF

RTVFNaK e
e

f /1.0

/1.0
0365.0

1245.00.1

0.1 





   

 

0.7

1
3.67/]Na[





oe

  

 

Ca
2+

 pump current  

  6.12pSLCa,

]Ca/[5.00.1

067.0

i

I


  

 

Background currents  

  

)( NabNa,bNa, EVgI  ,   )( CabCa,bCa, EVgI  ,   )( ClbCl,bCl, EVgI   

 

 

TABLE S3. Model parameter values  

 

 

Cm 

gNa 

gNaL 

gKs 

gtos 

gtof 

gCa,L 

gK1 

Endo 

88 pF 

8.0 ×10
-3

 μS/pF 

1.62 ×10
-6

 μS/pF 

1.0 

1.7×10
-5

 μS/pF 

9×10
-5

 μS/pF 

4.0×10
-4

 μS/pF 

4.5×10
-4

 μS/pF 

M 

88 pF 

8.0 ×10
-3

 μS/pF 

1.62 ×10
-6

 μS/pF 

0.7 

8.5×10
-6

 μS/pF 

5.1×10
-5

 μS/pF  

4.4×10
-4

 μS/pF  

4.2×10
-4

 μS/pF 

Epi 

88 pF 

8.0 ×10
-3

 μS/pF 

1.62 ×10
-6

 μS/pF 

1.5 

3.12×10
-5

 μS/pF 

1.17×10
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 μS/pF 

4.0×10
-4

 μS/pF 

5.4×10
-4

 μS/pF 
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APPENDIX S4: Ca
2+

 HANDLING  

Intracellular Ca
2+

 handling 
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cy t
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VolVol

Vol
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]d[Ca
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1.49×10
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-7
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0.0×10
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 μS/pF 

6.75×10
-6

 μS/pF 
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12.29 mM 

3.59×10
-3

 μM 

140.0 mM 
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5.400 mM 
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8.8 mM 

0.100 μM 
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8314 mJ/mol
 o
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96487 C/mol 

35
o
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In ventricular cells  
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Intracellular Ca
2+

 buffering 
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TABLE S4: Model parameter values  

Volcell 

Volcyt 

VolSR 

VolSL 

Voljct 

[Mg
2+

]i 

Vmax 

Km,f 

Km,r 

H 

ks 

kleak,SR 

MaxSR 

MinSR 

33 pL 

21.45 pL 

1.155 pL 

0.66 pL 

0.016 pL 

1.000 mM 

2.860 mM s
-1

 

0.000246 mM 

1.700 mM 

1.787 

125,000.0 s
-1


0.005348 s
-1

 

15.00 

1.000 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EC50-SR 

ko,Ca 

ki,Ca 

ko,m 

ki,m 

0.450 mM
 

10,000.0 mM
-2

 s
-1 

500.0 mM s
-1 

60.00 s
-1 

5.000 s
-1

 



SUPPLEMENTARY FIGURE LEGENDS 

Figure S1. Simulated effects of 50% (light grey bars) and 100% (dark grey bars) block of 

ICa,L on the APD in PF, Endo, M and Epi cell models. Black bars indicate control values. A: 

APD at (i) 500 ms, (ii) 1000 ms, (iii) 2000 ms basic cycle length. B: absolute changes in APD 

from control due to the block. C: percentage changes in APD from control. 

 

Figure S2. Simulated effects of 50% (light grey) and 100% (dark grey) block of INaL on APD 

in PF, Endo, M and Epi cell models. Black bars indicate control values. A: APD at (i) 500 

ms, (ii) 1000 ms, (iii) 2000 ms basic cycle length. B: absolute changes in APD from control 

due to the block. C: percentage changes in APD from control. 

 

Figure S3. Simulated effects of 50% (light grey) and 100% (dark grey) block of Ito on APD 

in PF, Endo, M and Epi cell models. Black bars indicate control values. A: APD at (i) 500 

ms, (ii) 1000 ms, (iii) 2000 ms basic cycle length. B: absolute changes in APD from control 

due to the block. C: percentage changes in APD from control. 

 

Figure S4. Simulated effects of 50% (light grey) and 100% (dark grey) block of IKr on APD 

in PF, Endo, M and Epi cell models. Black bars indicate control values. A: APD at (i) 500 

ms, (ii) 1000 ms, (iii) 2000 ms basic cycle length. B: absolute changes in APD from control 

due to the block. C: percentage changes in APD from control. Symbols represent 

experimental values.  

 

Figure S5. Simulated effects of 50% (light grey) and 100% (dark grey) block of IKs on APD 

in PF, Endo, M and Epi cell models. Black bars indicate control values. A: APD at (i) 500 

ms, (ii) 1000 ms, (iii) 2000 ms basic cycle length. B: absolute changes in APD from control 

due to the block. C: percentage changes in APD from control. Symbols represent 

experimental values.  

 

Figure S6. Simulated effects of 50% (light grey) and 100% (dark grey) block of IK1 on APD 

in PF, Endo, M and Epi cell models. Black bars indicate control values. A: APD at (i) 500 

ms, (ii) 1000 ms, (iii) 2000 ms basic cycle length. B: absolute changes in APD from control 

due to the block. C: percentage changes in APD from control. Note that there is no data for 

100% block in PF cells, as such a block results in sustained depolarisation.  

 

Figure S7. Simulations of Class III drug effects on PF and ventricular cells. A: effects of 

100% block of IKr; B: effects of 100% block of IKs. Simulation results for PF (i), Endo (ii), M 

(iii) and Epi (iv) cell models are in good agreement with experimental data [33]. 

 

Figure S8. Simulations of α1-adrenergic agonist effects on PF and ventricular cell models. 

APs in all three ventricular cell types became shorter (primarily, in the M cell), but are 

substantially prolonged the PF cell, as seen in experiments [43]. 
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Figure S1 
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Figure S3 
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Figure S6 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S7 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8 
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