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Table S1. Kinetic rates of the simulated drug-IKr interactions. Corresponding Markovian 

models (first column) are shown in Figure 1 of the main article, and k and r are the diffusion and 

the dissociation rates, respectively. 

 

 

Configuration Name 
Closed Open Inactivated 

k(µM-1s-1) r(s-1) k(µM-1s-1) r(s-1) k(µM-1s-1) r(s-1) 

A and B 

Closed_s 1 0.01     

Closed_m 1 0.1     

Closed_f 1 1     

Closed_ff 10 10     

C and D 

Open_s   1 0.01   

Open_m   1 0.1   

Open_f   1 1   

Open_ff   10 10   

E and F 

Inactivated_s     1 0.01 

Inactivated_m     1 0.1 

Inactivated_f     1 1 

Inactivated_ff     10 10 

G and H 

ClosedO_sss 1 0.001 1 0.1   

ClosedO_ss 1 0.003 1 0.3   

ClosedO_s 1 0.01 1 1   

ClosedO_m 1 0.1 1 10   

ClosedO_f 1 1 1 100   

ClosedO_ff 10 10 10 1000   

OpenC_sss 1 0.1 1 0.001   

OpenC_ss 1 0.3 1 0.003   

OpenC_s 1 1 1 0.01   

OpenC_m 1 10 1 0.1   

OpenC_f 1 100 1 1   

OpenC_ff 10 1000 10 10   

CO_sss 1 0.001 1 0.001   

CO_ss 1 0.003 1 0.003   

CO_s 1 0.01 1 0.01   

CO_m 1 0.1 1 0.1   

CO_f 1 1 1 1   

CO_ff 10 10 10 10   

I and J 

OpenI_sss   1 0.001 1 0.1 

OpenI_ss   1 0.003 1 0.3 

OpenI_s   1 0.01 1 1 

OpenI_m   1 0.1 1 10 

OpenI_f   1 1 1 100 

OpenI_ff   10 10 10 1000 

InactivO_sss   1 0.1 1 0.001 

InactivO_ss   1 0.3 1 0.003 

InactivO_s   1 1 1 0.01 

InactivO_m   1 10 1 0.1 

InactivO_f   1 100 1 1 

InactivO_ff   10 1000 10 10 



 

 

Table S2.  Kinetic rates of the simulated drug-IKr interactions. Corresponding Markovian 

models (first column) are shown in Figure 1 of the main article, and k and r are the diffusion and 

the dissociation rates, respectively. 

 

 

  

Configuration Name 
Closed Open Inactivated 

k(µM-1s-1) r(s-1) k(µM-1s-1) r(s-1) k(µM-1s-1) r(s-1) 

I and J 

IO_sss   1 0.001 1 0.001 

IO_ss   1 0.003 1 0.003 

IO_s   1 0.01 1 0.01 

IO_m   1 0.1 1 0.1 

IO_f   1 1 1 1 

IO_ff   10 10 10 10 

K and L 

ClosedOI_sss 1 0.001 1 0.1 1 0.1 

ClosedOI_ss 1 0.003 1 0.3 1 0.3 

ClosedOI_s 1 0.01 1 1 1 1 

ClosedOI_m 1 0.1 1 10 1 10 

ClosedOI_f 1 1 1 100 1 100 

ClosedOI_ff 10 10 10 1000 10 1000 

OpenCI_sss 1 0.1 1 0.001 1 0.1 

OpenCI_ss 1 0.3 1 0.003 1 0.3 

OpenCI_s 1 1 1 0.01 1 1 

OpenCI_m 1 10 1 0.1 1 10 

OpenCI_f 1 100 1 1 1 100 

OpenCI_ff 10 1000 10 10 10 1000 

InactivOC_sss 1 0.1 1 0.1 1 0.001 

InactivOC_ss 1 0.3 1 0.3 1 0.003 

InactivOC_s 1 1 1 1 1 0.01 

InactivOC_m 1 10 1 10 1 0.1 

InactivOC_f 1 100 1 100 1 1 

InactivOC_ff 10 1000 10 1000 10 10 

 COI_sss 1 0.001 1 0.001 1 0.001 

 COI_ss 1 0.003 1 0.003 1 0.003 

 COI_s 1 0.01 1 0.01 1 0.01 

 COI_m 1 0.1 1 0.1 1 0.1 

 COI_f 1 1 1 1 1 1 

 COI_ff 10 10 10 10 10 10 



 

 

 

 

 

 

Figure S1. Maximum IC50 ratios for unstuck (top panel) and stuck (bottom panel) drugs 

obtained with our protocols (non-filled bars) and with Yao, et al. 20051 protocols (filled bars) 

at 22ºC. 
 
  



 

 

 

Figure S2. Maximum IC50 ratios obtained with our proposed protocols (P0, P40 and P-80) at 

35ºC (A) and comparison with 22ºC (B). A: IC50 ratios for each prototypical drug at 35ºC. 

Filled (green and blue) and non-filled (black and red) bars for stuck and unstuck drugs, 

respectively. B: maximum IC50 ratios at 35ºC relative to those observed at 22ºC. In order to 

compare previous results directly to those obtained at 22ºC, the maximum IC50 ratio at 35ºC 

was normalized to the maximum IC50 ratio at 22ºC (ratio_35_22). Colored bars in Panel B are 

depicted from unity to the value of ratio_35_22. Stuck and unstuck  refer to the state of the 

channel when the drug is bound. 

  



 

 

 

Figure S3.  Simulated steady state pseudo-ECGs for moxifloxacin (top row) and dofetilide 

(bottom row). Simulated steady state pseudo-ECG in control (black) and in the presence of 

6.228 µM of moxifloxacin and 2 nM of dofetilide considering the IC50 obtained using the P-80 

(blue), P0 (red) and P40 (green).  

  



 

 

 

Figure S4.  Simulated Hill plots for each type of the prototypical drugs binding to two states 

with state-dependent affinities using the proposed protocols: P-80 (blue), P0 (red) and P40 

(green) at 22ºC using Lee et al. hERG model2. Left column shows the Markovian schemes of 

the drug-channel interactions of each row (A and D): unstuck (top) and stuck (bottom) variants 

of ClosedO_s (B), OpenC_s (C), OpenI_s (E) and InactivO_s (F). Unbound states are depicted 

in black and transitions between them are defined as in2, drug-bound states are depicted in 

yellow and transition between unbound and drug-bound channels are depicted in gray. 

Microscopic reversibility was ensured by equaling the product of the rates going clockwise to 

the product going anticlockwise in closed loops3. As drug-bound channels are electrically 

silent, which precludes the assessment of the transition rates between states, we modified the 

transition rates from Id to Od, from Od to C2d and from Id to C2d when appropriate. The 

maximum IC50 ratio for each drug is also indicated in each panel.  

 

  



 

 

 

Figure S5.  Simulated Hill plots for each type of the prototypical drugs binding to two states 

with state-dependent affinities using the proposed protocols: P-80 (blue), P0 (red) and P40 

(green) at 22ºC using Li et al. hERG model4. Left column shows the Markovian schemes of 

the drug-channel interactions of each row: unstuck (top) and stuck (bottom) variants of 

ClosedO_s (B), OpenC_s (C), OpenI_s (E) and InactivO_s (F). Unbound states are depicted in 

black and transitions between them are defined as in4, drug-bound states are depicted in yellow 

and transition between unbound and drug-bound channels are depicted in gray. Transition rates 

between IC1 and IC1d, IC2 and IC2d and IO and IOd are depicted at the top of IC1, IC2 and IO 

and the asterisks in IC1d, IC2d and IOd indicate that they are connected to IC1, IC2 and IO, 

respectively, by means of these transition rates (top panels in A and D). Microscopic 

reversibility was ensured by equaling the product of the rates going clockwise to the product 

going anticlockwise in closed loops3. As drug-bound channels are electrically silent, which 

precludes the assessment of the transition rates between states, we modified the transition rates 

from Id to Od, from Od to C2d and from Id to C2d when appropriate. The maximum IC50 ratio 

for each drug is also indicated in each panel.  



 

 

 

Figure S6.  Simulated Hill plots for unstuck and stuck Inactivated_s using three ionic channel 

models: Fink et al5 (B and C), Lee et al.2 (F and G) and Li et al.4 (J and K) models, and the 

corresponding Markovian schemes of the unstuck and stuck drug-channel interactions (A and 

D, E and H, and I and L, respectively). Unbound states are depicted in black, drug-bound states 

are depicted in yellow and transition between unbound and drug-bound channels are depicted 

in gray. The maximum IC50 ratio for each drug is also indicated in each panel. 
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