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Appendix 1. 

Computational model of membrane potential modulation of insulin secretion. 

 

A schematic diagram of the biochemical steps, Ca
2+

 handling, channels and mechanisms of IS 

regulation in β-cell is presented in Fig 1 in text. The data used to fit the computational model in our 

study were taken were possible from isolated human β-cells and islets. Since human pancreatic β-

cells remain incompletely understood, there remain gaps in any completely β-cell specific data set. 

For the purpose of making a convenient model we have chosen plausible suggestions of 

mechanisms of regulation and parameters from rodent β-cells or other cell types to close the gaps. 

 

1. Channels and their mathematical description 

 

The electrophysiological behavior
 
of a single β-cell can be described with the following current 

balance differential equation  

 

       dVP 

 Cm   INa + ICaL + ICaP + ICaT + IPCa + IKDr + IKCab + IKCa + IKher + IKATP + INab                 (1) 

        dt 

 

where Vp is the plasma membrane potential, t is time, Cm is the whole-cell membrane capacitance, 

INa is the voltage-gated Na
+
 current, ICaL and ICaP are high-voltage-activated “L- and P/Q-type” Ca

2+
 

currents, ICaT is the low-voltage-activated “T-type” Ca
2+

 current, IPCa is the plasma membrane Ca
2+

-

pump current, IKDr is the rapid delayed-rectifier K
+
 current, IKCab is the Ca

2+
 and high voltage-

activated K
+
 (BK-like) current, IKCa is the Ca

2+ 
activated K

+
 (SK-like) current, IKher is the human-

ERG K
+
 channel current, IKATP is the ATP-sensitive K

+
 channel current and INab is the Na

+
 

background current (Fig. 1 in text). Mathematical description of currents is represented in Appendix 

2. 

 

2. Mathematical description of Ca
2+

 dynamics 

 

Ca
2+

 enters into cells through Ca
2+

 channels and is removed by Ca
2+

 pumps and exchangers. Ca
2+

 

handling can also include ER and mitochondrial sequestration. Including only fluxes through Ca
2+
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channels and Ca
2+

 pumps on PM, the equations for free cytoplasmic Ca
2+

 ([Ca
2+

]c) dynamics can be 

written as follows: 

 

d[Ca
2+

]c         fci (ICaL  ICaT   ICaP  2 IPCa)   

        ksg [Ca
2+

]c                                                    (2) 

 dt                             2 F Vc                           

 

where fci is the fraction of free Ca
2+

 in cytoplasm, F is Faraday’s constant, Vc is the effective 

volumes of the cytosolic compartment, and ksg  is a coefficient of the sequestration rate of [Ca
2+

]c. 

However, detailed data on Ca
2+

 dynamics during one spike in human islets is lacking, so we 

used the coefficients we employed for mouse islets
1
 (Table S1).  

 

3. Insulin release 

 

We model the electrophysiological events inside one cell and also describe granule exocytosis for 

one cell. We represent the long-term insulin release in its simplest form as the dependence both on 

Ca
2+

 influx through specific non-L-type Ca
2+

 channels and [Ca
2+

]c as in our models for “immediate 

fusion” of insulin granules (see for details
2
) and glucagon secretion.

3
 Then a rate of relative IS for 

one cell can be written as  

 

fis = fVCa fiCa + kre                                                                                                                        (3) 

fVCa = (-kci ICaP/F)                                                                                                                      (4)  

fiCa = [Ca
2+

]c
hiCa

/(KiCa
hiCa

 + [Ca
2+

]c
hiCa

)                                                                                     (5)  

 

where fis is the rate of exocytosis in one cell; fVCa is the activation function of non-L-type Ca
2+

 

channels, where kci is the stoichiometric coefficient and ICaP/F is the Ca
2+

 influx through specific 

VGCCs (P/Q-type Ca
2+

 channels in this work); fiCa is the calcium potentiating factor, where KiCa is 

the half-maximum Ca
2+

 activation constant and hiCa is the Hill coefficient and kre is the rate 

coefficient for insulin production under resting conditions (in hyperpolarized cells).  

To express the experimentally measured rates of long-term IS we should take into account all 

β-cells in all islets. For simplification we propose that insulin release occurs in numerous β-cells 

which have similar properties. For example, in a hypothetical perfusion experiment where one islet 
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is localized in a perfusion chamber, the insulin concentration in media surrounding this islet and the 

rate of insulin release from this chamber can be written as in article
3
 

 

d [In]s / dt  fsi Ni/Vpi kpi [In]s                                                                                                 (6) 

Is = ksi kpi [In]s                                                                                                                           (7) 

 

where [In]s is the relative insulin concentration in medium, fsi is the rate of exocytosis in one cell, Ni 

is the amount of β-cells in one islet, Vpi is the volume of the chamber, kpi is the perfusion 

coefficient, Isr is the relative insulin secretion rate in the perfusion experiment, ksi is the scaling 

coefficient.  

Human islets contain a substantially higher proportion of α- and δ-cells than rodent islets.
4-5

 

Estimated that an “average” islet has about 1000 cells
6
 we suggested that the number of β-cells in 

one islet (coefficient Ni in Eq. 6) is about 600. We have used relative units for our comparative 

simulations of [In]s and IS and fit the coefficients for insulin release in Table S1 suggesting that 

mean relative insulin concentration in chamber and relative Is are about 1 at high glucose levels in 

our hypothetical perfusion experiment (see Fig. 3 in text). 

 

4. Computational model 

 

We have constructed the computational model of insulin secretion in human β-cells as the complex 

of the differential equations for the regulation of PM potential (Eq. 1) , Ca
2+

 handling (Eq.2), [In]s 

(Eq. 6) and the voltage-dependent gating variables for channels (see Appendix 2). The influence of 

glucose was modeled as the changes in ATP/ADP ratio that determines KATP channel opening.  

Precise determination of the model coefficients is limited due to a lack of adequately 

experimental data. Therefore, the model parameters were evaluated from the literature when 

possible and were also found by fitting a set of known experimental data as an important reality-

test. Equations and parameter values (Table S1 and S2) contain all the information necessary to 

carry out the simulations presented in this paper and are pointed out in the text as a simulation at 

basal levels. In some cases, when the values of parameters differed from those at basal level the 

values assigned are noted in the text or in the corresponding figure legends. To calculate persistent 
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cellular parameters, the model was allowed to run up to steady values without changes in 

coefficients.  

The units, except where indicated otherwise, are: time
 
in milliseconds (ms), voltage in 

millivolts (mV), concentration
 
in micromoles/liter (µM), current in femtoamperes (fA), conductance

 

in picosiemens (pS), capacitance in femtofarads (fF).  

Numerical integration was carried out using standard numerical methods. Simulations were 

performed using the software environment “Virtual Cell”
7
. This model is available for direct 

simulation on the website “Virtual Cell” (www.nrcam.uchc.edu) in “MathModel Database” on the 

“math workspace” in the library “Fridlyand” with the name “Human_Beta_cell“. Visualization and 

graphical analysis were performed using “Excel”.  
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TABLE S1. Cell and membrane current parameters  

 

Parameter   Definition   Value Units Equation  Reference   

      

 Cm Membrane capacitance  9,990 fF 1 
8
 

Vc Cytosol volume  0.764  pL 2 
9
 

fci 
Fraction of free Ca

2+
 in 

cytoplasm 
 0.005 

Ul 2 f 

F Faraday constant  96,487  C/mol 2 Physical constant 

ksg 
Coefficient of the 

sequestration rate of [Ca
2+

]c 
 0.00001 

 ms
-1

 2 
9
 

kre 
Coefficient of relative insulin 

production in rest conditions 
 0.00073  

ms
-1

 3 f 

kci Stoichiometric coefficient  2 Ul 4 f 

KiCa 
Half-maximum Ca

2+
 

activation constant 
 0.2 

μM 5 f 

hiCa Hill coefficient  2 Ul 5 f 

Ni Amount of β-cells in one islet  600 Ul 6 f 

Vpi 
Relative volume of the 

chamber 
 45000 

Ul 6 f 

kpi Perfusion coefficient.  0.0001 ms
-1

 7 f 

ksi Scaling coefficient 10000 Ul 7 f 

 

f, adjusted to fit the experimental values; Ul, unitless 
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Appendix 2. 

 

Mathematical modeling of ion channels 

 

This section details the equations and parameters utilized in the simulations of human β-cell action 

potential. A conventional Hodgkin-Huxley-type model was used for voltage-gated Ca
2+

, Na
+
 and K

+
 

channels as it was used in our previous model that described spike activity in mouse β-cells.
1
 

Boltzman-type equations are employed for steady-state activation and inactivation functions. 

Coefficients used in the model were either adopted from previous models
1, 9-11

 or are described here 

(Tables S1 and S2). While some aspects of human β–cell physiology and pharmacology have been 

reported, many quantities, like the measurement of the individual K
+
, Na

+
 and Ca

2+
 channel 

contributions to the overall Vp responses during AP generation, the time constants for channel’s 

parameters and others have not been determined experimentally. The parameters for which there are 

no specific experimental data were chosen during preliminary simulations to produce a close fit to 

experimentally observed I-V relations for corresponding currents and to reproduce reasonable 

picture of AP firing in different experimental conditions (see Secs. 4-7 in text for simulations). 

However, all parameters and constants were fitted to be in their physiological ranges.  

 

1. Voltage-gated Na
+
 current (INa) (Figure S1) 

 

The classic formulation for the INa current assumes that the Na
+
 conductance is controlled by 

the product of the activation variable (dNa) and the fast inactivation gating variable (fNa)
12

 that we 

also used. Coefficients for steady-state activation and inactivation variable curves were fitted to 

have a bell-shaped peak current voltage dependence with activation near -30 mV and the maximal 

height at 0 mV for of human Na
+
 channels in β-cells

8, 13-14
 (Fig. S1C and Table S2). Values of the 

time constants for the gating variable have not been characterized, so we used approximations based 

on current decay data
8
 (Table S2). Additionally, the voltage-independent coefficient (kNar, Eq. A1) 

was included to analyze a role for hypothetical persistent Na
+
 current (see discussion in Sec. 6.2). 

This coefficient was accepted as zero at basal set of coefficients in Table S2. Then  

 

INa = gmNa (dNa
3
 fNa + kNar) (VP  ENa)                                                                                     (A1)  
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d dNa       dNai   dNa 

                                                                                                                    (A2)  

 dt                dNa          

   

                              1 

dNai                                                                                                  (A3)  

             1 + exp[(VdNa  VP)/ kdNa]         

   

d fNa      fNai  fNa 

                                                                                                                    (A4)  

 dt              fNa            

  

                               1 

fNai                                                                                          (A5)  

             1 + exp[ (VfNa  VP)/ kfNa]                

 

Our simulations are consistent with the experimental finding from
8
 (see Fig. S1). 

 

2. L-type Ca
2+ 

current (ICaL) (Figure S2) 

 

ICaL was modeled similarly as in our model for mouse β-cell
1
 with both fast and slow inactivation 

gating variables (Fig. S2 and Eqs. A6-A13). Due to a lack of experimental data for activation and 

inactivation time constants for ICaL in human β-cells, the formulations from models 
1
 based on 

rodent experiments were also used.  

  

ICaL  = gmCaL dCaL f1CaL f2CaL (VP  ECa)                                                                                     (A6)  

 

d dCaL        dCaLi   dCaL 

                                                                                                                (A7)  

 dt                dCaL             

 

                                1 

dCaLi                                                                                         (A8) 

              1 + exp[(VdCaL  VP)/kdCaL]                  

 

dCaL = 2.2-1.79*exp-[(Vp  9.7)/70.2]
2
                                                                                    (A9) 

 

d f1CaL        f1CaLi   f1CaL 

                                                                                                                (A10) 

 dt                f1CaL           
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                           1 

f1CaLi                                                                                    (A11) 

               1 + exp[ (Vf1CaL  VP)/ kf1CaL]                 

 

d f2CaL         f2CaLi   f2CaL 

                                                                                                            (A12) 

 dt                    f2CaL        

 

f2CaLi = f1CaLi                                                                                                                              (A13) 

 

3. P/Q-type Ca
2+ 

current (ICaP) (Figure S2) 

 

High-voltage-activated P/Q Ca
2+

 current (ICaP) was also found in human β-cells that posses the fast 

activated and, apparently, only one slow inactivated voltage-gated variable.
8
 There were no data 

available on voltage-dependence for ICaP activation and inactivation and corresponding time 

constants in human β-cells so the coefficients from model for ICaL were partially employed (Eqs. 

A14-A18). However, the coefficients for the steady-state activation variable curve were fitted to 

obtain a bell-shaped voltage dependence with activation near -20 mV and a maximal peak current 

close to 0 mV, as previously reported
8
 (see Fig. S2). 

 

ICaP  = gmCaP dCaP fCaP (VP  ECa)                                                                                               (A14) 

 

d dCaP         dCaPi   dCaP 

                                                                                                                (A15) 

 dt                  dCaP              

 

                                1 

dCaPi                                                                                         (A16) 

               1 + exp[(VdCaP  Vp)/kdCaP]                 

 

  

d fCaP           fCaPi   fCaP 

                                                                                                                (A17) 

 dt                    fCaP             

 

                            1 

fCaPi                                                                                          (A18) 

             1 + exp[ (VfCaP  VP)/ kfCaP]                 

 

4. T-type Ca
2+ 

current (ICaT) (Figure S3) 
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The activation and inactivation of the ICaT current was defined similarly to the P-type current. 

Coefficients for the steady-state activation variable curve were fitted to obtain a bell-shaped voltage 

dependence with an activation of above -60 mV and a maximal peak current between -40 mV and -

30 mV, as previously reported
8
 (see Fig. S3). 

 

ICaT  = gmCaT dCaT fCaT (VP  ECa)                                                                                              (A19)  

 

d dCaT      dCaTi   dCaT 

                                                                                                                    (A20)  

 dt                dCaT             

 

                            1 

dCaTi                                                                                                 (A21)  

               1 + exp[(VdCaT  VP)/ kdCaT]                  

 

d fCaT        fCaTi   fCaT 

                                                                                                                    (A22)  

 dt                fCaT             

   

                                      1 

fCaT = fCaTi                                                                               (A23)  

                       1 + exp[-(VfCaT  VP)/kfCaT]                 

 

5. Delayed Rectifier K
+
 current (IKDr) (Figure S4A) 

 

Delayed Rectifier K
+
 current activates at membrane potential near -30 mV and then increased with 

the applied voltage, an inactivation was negligible during at least 200 ms depolarization.
15

 The 

conventional Hodgkin-Huxley-type model for IKDr and some corresponding coefficients was used 

from our previous mouse β-cell model.
1
   

 

IKDr = gmDKr dKr
2
 fKr (VP  EK),                                                                                                 (A24) 

 

d dKr        dKri   dKr 

                                                                                                                    (A25) 

 dt                dKr              

  

                            1 

dKri                                                                                                  (A26) 

             1 + exp[(VDKr  VP)/ kdKr]               
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fKri = 1                                                                                                                                     (A27) 

 

6. Voltage-gaged Ca
2+

-activated K
+
 current (IKCaB) (Figure S4B) 

 

The sensitivity of BK channels to Ca
2+

 was modeled as previously.
11, 16

 Here we have also 

suggested that Ca
2+

 concentration is high in microdomains surrounding BK channels when they are 

functioning during a spike period (see Sec. 5.2). However, the voltage dependence of the activation 

and inactivation gating variables and time constants were not measured and several published 

models
11, 16

 cannot accurately describe the bell-shaped voltage-dependence seen experimentally.
8
 

For this reason, the coefficients for BK channels were fit to obtain an initial increase in peak 

amplitude voltage dependence from -40 mV to 20 mV to approximate the published initial part of 

the peak amplitude (see Fig. 2D,
8
). This is a sufficient approximation for our model where the 

simulated maximal peak voltage during spikes was less than 20 mV. 

 

IKCaB = gmKCaB dKCaB
2
 fKCaB (VP  EK),                                                                                     (A28) 

 

where  

 

d dKCaB       dKCaBi  dKCaB 

                                                                                                           (A29) 

 dt                       dKCaB             

  

                              1 

dKCaBi                                                                                      (A30)  

                1 + exp[(VdKCaB  VP)/ kdKCaB]                

 

where  

 

VdKCaB  =  VBKo – kshift ln ([Ca
2+

]c /kCaBK)                                                                                 (A31)  

 

d fKCaB      fKCaBi  fKCaB 

                                                                                                           (A32)  

 dt                   fKCaB           

 

                               1 

fKCaBi                                                                                   (A33)  

                1 + exp[(VfKCaB  VP)/ kfKCaB]           
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7. Human-ERG (HERG) current (IKher) 

 

We modeled this current similarly
10

 using a Hodgkin-Huxley-type model with slow activation and 

deactivation voltage-gated variables:   

 

IKher = gmKhe dKhe fKhe (VP  EK),                                                                                               (A34)  

 

d dKhe     dKhei   dKhe 

                                                                                                                  (A35)  

 dt                dKhe              

  

                            1 

dKhei                                                                                             (A36)  

              1 + exp (VdKhe  Vp) kdKhe            

  

d fKhe         fKhei  fKhe 

                                                                                                            (A37)  

 dt                fKhe          

 

                              1 

fKhei                                                                                                  (A38)  

               1 + exp[-(VfKhe  VP)/kfKhe]                 

 
8. Voltage-independent Ca

2+
-activated K

+
 current (IKCa) 

 

We included the equation for a calcium-activated K
+
 current (IKCa) from our previous model.

1
  

 

IKCa = gmKCa dKCa (Vp - EK),                                                                                                      (A39)  

 

where  

 

                   [Ca
2+

]c
4
    

dKCa =                                                                                                            (A40)  

             [Ca
2+

]c
4
 + KKCa

4
      

 

9. ATP-sensitive K
+
 channels current (IKATP) 

 

For ATP-sensitive K
+
 channels current (IKATP) we adopted a kinetic model

1, 9
 for the value of 

whole-cell KATP channel conductance.   

 

IKATP = gmKATP OKATP (VP  EK),                                                                                              (A41)  
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where 

 

                       0.08 (1 + 2 [MgADPf]c /kdd) + 0.89 ([MgADPf]c / kdd)
2 

OKATP                              (A42)  

               (1 + [MgADPf]c / kdd)
2 
(1 + 0.45 [MgADPf]c / ktd + [ATPf]c / ktt)  

 

[MgADPf]c = 0.55 [ADPf]c                                                                                                       (A43)  

 

where OKATP is the fraction of open KATP channels, MgADPf is free Mg-bound ADP, [ATPf]c and 

[ADPf]c are free ATP and ADP concentrations in cytoplasm; kdd, ktd and ktt are coefficients. 

 
10. Plasma membrane Ca

2+
 pump current (IpCa) 

 

The corresponding equation was adapted from previous models.
1, 9

    

                            [Ca
2+

]c
2
                                          

IPCa = PmCap                                                                                                        (A44)  

                    [Ca
2+

]c
2
 + KCap

2
                     

 

11. Na
+
 background current (INab) 

 

In addition to the voltage-gated Na
+
 current described above, the model contains Na

+
 background 

(leak) current (see Sec. 6.3). We simulated it as previously for mouse β-cell electrical activity (see 

for details.
1, 9

 

 

INab = gbNa (VP  ENa)                                                                                                                (A45)  
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TABLE S2. Cell and membrane current parameters (Appendix 2) 

 

 Parameter   Definition   Value Equation Reference 

gmNa Conductance of INa 10,000 pS A1 f 

ENa Reversal potential for Na
+
 70 mV _ 

9
 

kNar Coefficient for persistent Na
+
 current 0 _ f 

dNa Time constant for dNa 0.1 ms A2 f 

VdNa Half-activation potential -30 mV A3 f 

kdNa Slope of half-activation potential 10 mV _ f 

fNa  Time constant for fNa 0.5 ms A4 f 

VfNa Half-inactivation potential -42 mV A5 
8
  

kfNa Slope of half-inactivation potential 6 mV _ 
8
  

gmCaL  Conductance for ICaL 2700 pS A6 f 

ECa Reversal potential for Ca
2+

 current 100 mV _ 
9
 

VdCaL Half-activation potential -15 mV A8 f 

kdCaL Slope of half-activation potential 8 mV _ f 

f1CaL Time constant for f1CaL 6.8 ms A10 
8
 

Vf1CaL Half-inactivation potential -25 mV A11 f 

kf1CaL Slope of half-inactivation potential 8 mV _ 
9
 

f2CaL Time constant for f2L 65 ms A124 
8
  

gmCaP Conductance for ICaP 1200 pS  A14 f 

dCaP Time constant for dCaP 0.41 ms A15 f 

VdCaP Half-activation potential -5 mV A16 f 
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kdCaP Slope of half-activation potential 6 mV _ f 

fCaP
 Time constant for fCaP 65 ms A17 f 

VfCaP Half-inactivation potential -25 mV A18 f 

kfCaP Slope of half-inactivation potential 8 mV _ f 

gmCaT Maximum conductance for ICaT 250 pS A19 f 

dCaT Time constant for dCaT 0.41 ms A20 
8
  

VdCaT Half-activation potential -50 mV A21 f 

kdCaT Slope of half-activation potential 6 mV _ f 

fCaT Time constant for fCaT 6.8 ms A22 
8
  

VfCaT Half-inactivation potential -64 mV A23 
8
  

kfCaT Slope of half-inactivation potential 8 mV _ 
8
  

gmKDr Maximum conductance for IDKr 18,000 pS A24 f  

EK Reversal potential for K
+
 current -75 mV _ 

9
 

dKr Time constant for dKr 20 ms A25 f 

VdKr Half-activation potential -9 mV A26 
9
 

kdKr Slope of half-activation potential 8 mV _ f 

gmKCaB Maximum conductance for IKCaB 25,000 pS A28 f 

dKCaB Time constant for dKCaB 1.9 ms A29 
8
  

kdKCaB   Slope of half-activation potential 30 mV A31 f 

KCaBK Ca
2+

 binding constant for IKCaB 1.5 µM A31 
11

 

VBKo Constant 0.1 mV _ 
11

 

kshift Voltage-shift constant 18 mV _ 
11
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fKCaB Time constant for fKCaB 22.6 ms A32 
8
  

VfKCaB Half-inactivation potential 30 mV A33 f 

kfKCaB Slope of half-inactivation potential 9.2 mV _ f 

gmKhe Maximum conductance for IKher 200 pS A34 f  

dKhe Time constant for dKhe 100 ms A35 
10

 

Vdhe Half-activation potential -30 mV A36 
10

 

kdhe Slope of half-activation potential 10 mV _ 
10

 

fKhe Time constant for fKhe 50 ms A37 
10

 

Vfhe Half-inactivation potential -42 mV A38 
10

 

kfhe Slope of half-inactivation potential 17.5 mV _ 
10

 

gmKCa Maximum conductance for IKCa 150 pS A39 f  

KKCa Affinity constant 0.2 µM  A40 f 

gmKATP Maximum conductance for IKATP 45,000 pS A41 f 

[ADPf]c 

Free ADP concentration in cytoplasm at high 

glucose level 

15 μM A42 f 

[ATPf]c Free ATP concentration in cytoplasm  3600 μM _ f 

kdd Dissociation constant 17 μM _ 
9
 

ktd Dissociation constant 26 μM _ 
9
 

ktt Dissociation constant 50 μM _ 
9
 

PmCap Maximum ICap current 5600 fA A44 f 

KCap Half-maximum Ca
2+

 binding constant for ICap 0.3 µM _ f 

gbNa Maximum conductance for INab 10 pS A45 f 

f, adjusted to fit the experimental values.  
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Figure S1. Tetrodotoxin (TTX) sensitive Na
+
 current (INa). A: steady-state activation (─  ─  ─ 

dNai) and inactivation (─── fNai) functions with parameters as in Table S2. B: Simulated peak I-V 

relationship of INa obtained from Eqs. A1-A5. Voltage clamp pulses from – 60 mV to 40 mV from a 

holding potential of -70 mV were simulated to reproduce the results of Fig. 4C from
8
.  
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Figure S2. L and P/Q types Ca
2+

 current (ICaL and (ICaP)). A: A: steady-state activation (─  ─  ─ 

dCaLi) and inactivation (─── fCaLi) functions for L-type Ca
2+

 channels with parameters as in Table 

S2. (Steady-state inactivation function (fCaLi) is similar for fast and slow inactivated voltage-gated 

variables, see Eq. A13). 2. B: steady-state activation (─  ─  ─ dCaPi) and (─── fCaPi) inactivation 

functions for P-type Ca
2+

 channels with parameters as in Table S2. C. Simulated peak I-V 

relationship obtained from Eqs. A6 and A14 with parameters as in Table S2. Voltage clamp pulses 

from – 60 mV to 50 mV from a holding potential of -70 mV were simulated to reproduce the 

experimental conditions (see Fig. 5E from
8
).   
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Figure S3. T-type Ca
2+

 current (ICaT). A: steady-state activation (dCaTi) and inactivation (fCaTi) 

functions. B: Simulated peak I-V relationship of ICaT. Voltage clamp pulses from – 60 mV to 40 mV 

(in 10-mV increment) from a holding potential of -70 mV were simulated to reproduce the 

experimental conditions (see Fig. 5E from
8
). C: simulated ICaT during a test pulse to -30 mV 

preceded by the prepulses from -100 mV to -40 mV that reproduce the results represented on Fig. 

5C from.
8
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Figure S4. K
+
 currents. (A): Simulated peak I-V relationship for delayed rectifier K

+
 current (IKDr). 

Voltage clamp pulses (500 ms) from – 60 mV to 50 mV from a holding potential of -70 mV were 

simulated with parameters as in Table S2 to reproduce the experimental conditions (see Fig. 1 

from
8
). (B): BK type K

+
 current (IKCaB). Simulated peak I-V relationship of IKCaB at [Ca

2+
]c = 0.1 

µM. Voltage clamp pulses from – 60 mV to 40 mV from a holding potential of -70 mV were 

simulated to reproduce the results of Fig. 2D from
8
). 
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