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[image: ] Supplementary Figure 1 a, Control simulation of Bax oligomer distribution obtained from the model as parameterized in Figure 3e without accounting for Bcl-xL mediated retrotranslocation. b, Control simulation of tBid-induced BaxM obtained from the model as parameterized in Figure 4c without accounting for Bcl-xL mediated retrotranslocation.
[image: ] Supplementary Figure 2 Time courses of experimentally measured calcein release from large unilamellar vesicles (a,c,e,f) and modeled Bax recruitment into pores (b,d). a,c Calcein release as measured fro 50 nM Bax and varying amounts of cBid or Hrk peptide, respectively. b,d Simulation for 50 nM Bax and varying amounts of tBid or Hrk peptide, respectively. e,f, Calcein release as measured for 20 nM Bcl-xL and varying amounts of cBid or Hrk peptide, respectively.
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Supplementary Figure 3 Time courses of modeled Bax recruitment into pores (a,c) and experimentally measured calcein release from large unilamellar vesicles (b,d). a, Simulations for 50 nM Bax with 20 nM Bcl-xL and varying amounts of tBid, with and without accounting for retrotranslocation in the model. b, Calcein release as measured for 50 nM Bax, 20 nM Bcl-xL and varying amounts of cBid. c,d Time courses of simulation and experimental measurements corresponding to simulations shown in Fig. 5e,f. Shaded areas in simulation plots correspond to SD of ensemble predictions, lines correspond to the means.
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Supplementary Figure 4 Overview of all interactions, translocations into and from the membrane to the aqueous phase, as well as retrotranslocation process that were integrated in the model. Numbers of rate constants serve as identifiers for the supplementary tables.



Prior estimates of parameter values
Biologically plausible parameter ranges were chosen within which subsequent model training was performed. KD values were assumed to lie within 0.1 – 1000 nM, as affinity constants for interactions within the Bcl-2 family were reported in the low to high nM range (1). For kon rate constants, values between 1e-6 – 1 nM-1s-1 were assumed to be reasonable ranges for protein-protein associations (2). koff values were calculated from koff = kon*KD. 
Insertion of Bax into the membrane or release back into the cytosol was assumed with rates of 1e-5 - 1e-1 s-1. Retrotranslocation of Bax by Bcl-xL was assumed to be within 1e-5 – 1e-1 s-1. For all of these processes, rate constants of the isolated reactions are unavailable and due to sparse information about the velocity of such processes, parameters spanning several orders of magnitude and approximately in the same range as koff constants and the effective rate constant of Bax retrotranslocation in living cells (3) were assumed. 



Supplementary Table 1 Parameter ranges after model training used for simulations in the respective Figures. koff values were calculated from KD and kon. KD values are given in nM, kon in nM-1s-1
[image: ]



Supplementary Table 2 Protein concentrations at t = 0 min (t0) used for simulations in the respective Figures. All (hetero- and homo-) dimers, tetramers, hexamers were considered to be absent at time t0 (0 nM).

	 
	Figure 2a,b
	Figure 2c
	Figure 3,
Suppl. Fig. 1a
	Figure 4,
Suppl. Fig. 1b
	Figure 5b,d,e
Suppl. Fig. 3
	Fig. 6
	Suppl. Fig. 2

	Bax [nM]
	2.5
	2.5 - aBax
	2.5
	100
	50
	50
	50

	aBax [nM]
	-
	varying
	-
	-
	-
	-
	-

	tBid [nM]
	5
	-
	5
	20
	varying
	10
	varying

	Bcl-xL [nM]
	-
	-
	2.5 (at t60)
	0/20/40/100
	20
	varying
	-

	Hrk peptide [nM]
	-
	-
	-
	-
	varying
	0/5,000/50
	varying

	simulation [min]
	5/10/60
	60
	120
	120
	120
	120
	120




Supplementary Table 3 Definition of outputs of simulations presented in the respective Figures.
	Fig.
	Output
	Unit
	Formula
	If applicable: as % of 

	2
	aBax
	%
	aBax + aBaxtBid
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6

	2
	BaxaBax
	%
	2 BaxaBax
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6

	2
	aBax2
	%
	2 aBax2
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6

	2
	aBax4
	%
	4 aBax4
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6

	2
	aBax6
	%
	6 aBax6
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6

	3, S1a
	aBax + aBaxBclxL
	%
	aBax + aBaxtBid + aBaxBclxL
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6 + aBaxBclxL

	3, S1a
	BaxaBax
	%
	2 BaxaBax
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6 + aBaxBclxL

	3, S1a
	aBax2
	%
	2 aBax2
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6 + aBaxBclxL

	3, S1a
	aBax4
	%
	4 aBax4
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6 + aBaxBclxL

	3, S1a
	aBax6
	%
	6 aBax6
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6 + aBaxBclxL

	3, S1a
	Bax particles
	nM
	aBax + BaxaBax + aBax2 + aBax4 + aBax6 + tBidaBax + BclxLaBax
	-

	4, S1b
	BaxM
	nM
	aBax + aBaxtBid + 2 BaxaBax + 2 aBax2 + 4 aBax4 + 6 aBax6 + aBaxBclxL + BaxtBid
	-

	5,6, S2, S3
	Bax in aBax4 and aBax6
	nM
	4 aBax4 + 6 aBax6
	-








Analysis of parameter ranges of trained core model and model with Bcl-xL retrotranslocation activity
Shown are simulation results for all parameters whose values were restricted in the model training procedure. Each dot in the following dot plots corresponds to one model simulation. Black vertical lines correspond to boundaries of the parameter range after model training. Shown are the simulation results of outputs for which experimental data were available (such as the occurrence aBax2 in %) and which implicated a restriction of the respective parameter to train the model.
Please note that for Supplementary Figure 5-16, we omitted very early time points from training data sets taken from (4) to avoid overfitting of the ODE-model to conditions where reaction processes might still be influenced substantially by stochasticity. Indeed, inclusion of such data would result in excessively fast and unjustifiable rates for tBid-induced Bax membrane integration in the order of 0.3-1 s-1 (not shown) that would contradict experimental observations that indicate Bax membrane insertion to be the rate-limiting step of tBid-mediated activation (5). 

[image: local_GSA1/Distribution_Plots_Summary_9_times.png]
Supplementary Figure 5 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter KD,2 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4). 
[image: local_GSA1/Distribution_Plots_Summary_11_times.png]
Supplementary Figure 6 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter KD,3 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
[image: local_GSA1/Distribution_Plots_Summary_14_times.png]
Supplementary Figure 7 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter KD,4 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
[image: local_GSA1/Distribution_Plots_Summary_15_times.png]
Supplementary Figure 8 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter KD,5 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
[image: local_GSA1/Distribution_Plots_Summary_16_times.png]
Supplementary Figure 9 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter KD,6 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
[image: local_GSA1/Distribution_Plots_Summary_25_times.png]
Supplementary Figure 10 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter kon,2 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
[image: local_GSA1/Distribution_Plots_Summary_27_times.png]
Supplementary Figure 11 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter kon,3 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
[image: local_GSA1/Distribution_Plots_Summary_30_times.png]
Supplementary Figure 12 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter kon,4 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
[image: local_GSA1/Distribution_Plots_Summary_31_times.png]
Supplementary Figure 13 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter kon,5 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
[image: local_GSA1/Distribution_Plots_Summary_32_times.png]
Supplementary Figure 14 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter kon,6 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 15 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter ktroff,1 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
[image: local_GSA1/Distribution_Plots_Summary_35_times.png]
Supplementary Figure 16 Simulation results using the starting conditions as in Figure 2a,b and readout at the indicated time points. Shown are sampled parameterizations across the original assumed plausible range of parameter ktron,2 of the core model (before model training). Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 17 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter KD,1. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 18 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter KD,2. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 19 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter KD,3. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 20 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter KD,4. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 21 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter KD,5. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 22 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter KD,7. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 23 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter KD,8. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 24 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter kon,2. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 25 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter kon,5. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 26 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter kon,6. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 27 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter kon,7. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 28 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter kon,8. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 29 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter ktron,1. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 30 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter ktron,2. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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Supplementary Figure 31 Simulation results using the starting conditions as in Figure 3e. Shown are sampled parameterizations across the parameter range of the core model of parameter kcat,1. Blue horizontal lines indicate experimentally valid range for the respective model outputs as estimated from original publication (4).
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