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Supplementary Modeling Details 

Mathematical modeling overview 

The signaling pathway of the BCL2 family proteins was modeled by a pseudo-reaction 

network. Using mass-action kinetics, this network was subsequently translated into a set of 

ordinary differential equation (ODEs) which describe the changes in concentration of a single 

protein or a single protein complex at a given time point t (denoted as ‘reaction rate’, or ‘rate’, 

hence further). ODEs were parameterized using cell specific concentrations and kinetic constants 

as input. Subsequently, ODEs were solved using MATLAB 7.3 (MathWorks, USA, R2007b, 

7.5.0.342) and its function ode15s. 
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We translated the modeled protein-protein interaction from a general reaction notation to 

ODEs by a detailed guideline listed in supplementary table 1. The guideline is grouped into 

different reaction classes. In a nutshell, the degradation rate of a protein was calculated by 

multiplying the actual protein concentration by the degradation constant kdeg and this rate was 

subtracted from the actual protein concentration (Supp. Table 1A). Protein turnover was realized 

by adding a production kprod rate to the degradation rate (Supp. Table 1B). Proteins that sustain 

turnover were modeled to reach equilibrium concentrations that were given by the interplay of 

protein production and protein degradation. As a consequence the equilibrium that was attained 

was given by the ratio of production rate and degradation constant (kprod / kdeg). Protein 

translocation was modeled by multiplying the actual protein concentration by the kinetic 

constant k (Supp. Table 1C). The change in concentration due to a protein-protein interaction, 

such as binding, was modeled by multiplying the product of the concentration of all interacting 

proteins by the reaction specific constant k (Supp. Table 1D). This was irreversible unless a 

backward equation was modeled with a separate reaction specific constant (Supp. Table 1E). The 

ratio of the backward constant kbackward and the first / forward constant kforward is defined as 

dissociation constant KD. A Low value of KD indicates a high affinity of the interacting proteins. 

Vice versa a high value indicates a low affinity. 

Modeling of BCL2 protein reactions 

Proteins of the BCL2 protein family were modeled to be located and to interact at the 

mitochondrial outer membrane (10, 11). As only exception cytosolic BAX was modeled to have 

a cytosolic fraction BAXc (12). 
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As the first type of protein interaction, protein degradation was modeled for all proteins 

and protein complexes except for BAK, BAX and VDAC2 and their complexes (Supplementary 

Table 2). Degradation constants kdeg were calculated with the equation kdeg = ln(2)/60*t1/2 from 

half-life times t1/2. We obtained the protein half-life time of the proteins BCL2, BIM, MCL1, 

NOXA, PUMA and tBID from literature (1-7). We considered for BCL(X)L the same half-life 

time as for BCL2 (300 minutes) due to the similar amino acid sequence of BCL2 and BCL(X)L 

(EMBOSS Needle alignment, similarity 53%). Because MCL1 is subject to rapid degradation (5, 

6), the degradation constant for MCL1 was modeled to drop from 45 minutes to 17 minutes upon 

induction of BIM, PUMA and NOXA stress at time point t = 0h after stress induction. We 

modeled stable levels of VDAC2 (8) as well as for BAK and BAX (protein half-life time 

> 22 hours (8, 9)) for model simplification. Degradation rate of BCL2 hetero-dimers 

MCL1~BIM, BCL2~tBID, BCL(X)L~tBID, MCL1~PUMA and MCL1~NOXA were obtained 

from literature (5, 10-12). We modeled the same half-life time for the hetero-dimers of anti-

apoptotic BCL2 and BCL(X)L with BIM, NOXA and PUMA, and MCL1~tBID as for BCL2 and 

BCL(X)L with tBID. 

We modeled reversible bindings between the anti-apoptotic proteins BCL2, BCL(X)L 

and MCL1, and the pro-apoptotic proteins BAK, BAX, BIM, tBID, PUMA and NOXA 

(Supplementary Table 3). For the binding of BIM to BCL2, BCL(X)L, and MCL1, the 

dissociation constants KD (KD is defined as kbackward / kforward) as well as the constants kforward and 

kbackward were taken from (13). For the binding of PUMA, NOXA and tBID to BCL2, BCL(X)L, 

and MCL1, KD values were taken from literature (12, 14-20). The backward kinetic constants 

kbackward for the reversible binding of BCL2, BCL(X)L, and MCL1 with each BAK, BAX, 
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NOXA, PUMA and tBID were modeled to be the same as those for BIM. The forward 

dissociation constant was calculated by kforward = kbackward / KD. 

Inactive BAXc was modeled to be only present in the cytosol. Hence, no interaction of 

inactive BAXc with anti-apoptotic BCL2 family proteins (21) was modeled. BAXc activation by 

BH3-only proteins BIM, PUMA (and tBID) was modeled in a two-step procedure. Therefore 

BIM, PUMA (and tBID) were first modeled to reversibly bind with an fitted dissociation 

constant KD of 100 nM that is consistence with Dai et al. (22) and forward kinetic 

constant kforward of 2.57x10-6 nM-1s-1. The backward constant was calculated by 

kbackward = KD * kforward. Formed activator~BAXc hetero-dimers were modeled to irreversibly 

activate BAXc* followed by an instant release of BAXc* with an estimated half-life time of 1/10 

minute (Supplementary Table 4AB). Upon its activation, BAXc* was modeled to translocate into 

the mitochondrial outer membrane (MOM) with a fast single cell kinetic that was determined by 

our lab previously (23) (Supplementary Table 4C). 

In the model, BAK activation was modeled with the same reactions and kinetics 

(Supplementary Table 4AB) as BAX. However, these interactions were considered to take place 

at the mitochondrial membrane and therefore no translocation was modeled (24). Unlike BAX, 

BAK was modeled to interact with the Voltage-dependent anion-selective channel protein 2 

(VDAC2) (25, 26). We estimated that VDAC2 was expressed with the same concentration as 

BAK in the respective cell. Only inactive BAK was modeled to bind to VDAC2. The 

VDAC2~BAK dimer was modeled to dissociate with an estimated backward constant 

kbackward = 2.31x10-3 s-1 and a dissociation constant of 1,000 nM. The forward constant kforward 

was calculated to be 2.31x10-6 nM-1s-1 (Supplementary Table 4D). 
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Active BAK* and BAX* was modeled to homo-oligomerize up to dodecamers 

(Supplementary Table 5). For homo-oligomerization, a KD of 15 nM and a decay time of the 

pores of 1 hour were estimated. Hexamers or larger homo-oligomers were modeled as 

mitochondrial pores. Once 10% of total effectors formed pores, mitochondrial outer membrane 

permeabilization (MOMP) was considered to be induced, in analogy with previous studies from 

our group (23). 

To study the effect of apoptosis sensitizers, further ODEs that characterized the 

interaction of the BH3-mimetics ABT-737 and ApoG2 with the BCL2 family proteins 

(Supplementary Table 6) were included. Each of these drugs was modeled to bind to the 

anti-apoptotic proteins BCL2, BCL(X)L and MCL1. Specific dissociation constants KD were 

taken from the literature (27), the backward constants kbackward were fixed to reasonable values 

and the forward constant kforward resulted from kbackward and KD. The degradation constants kdeg for 

ABT-737 and ApoG2 (28), and their hetero-dimers with BCL2, BCL(X)L and MCL1 were set 

equivalent to the degradation constants of the hetero-dimers of anti-apoptotic BCL2 proteins and 

the BH3-only proteins, respectively. 

Model Input 

We used two major inputs for the model. First we used absolute protein concentrations of 

BAK, BAX, BCL2, BCL(X)L and MCL1. Secondly, we modeled cell stress by protein 

production of BH3-only proteins. 

We determined the concentration of BAK, BAX, BCL2, BCL(X)L and MCL1 by 

quantitative Western Blotting (see method section, determined concentrations are listed in 

Supplementary Tables 8 and 9). Since BCL2, BCL(X)L and MCL1 sustain protein degradation 
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with half-life times of less than or equal to 5 hours (1-7), we considered a turnover for these 

proteins. The cell and protein specific production rate kprod were calculated by multiplying the 

quantified (target) protein concentration by the respective degradation constant kdeg of the protein 

(Supplementary Table 2). We modeled stable levels of BAK and BAX (protein half-life time 

> 22 hours (8, 9)) and therefore modeled neither protein production nor protein degradation for 

those proteins. 

Stress induction was modeled by protein production of BIM/PUMA/NOXA (p53-

competent cells HCT-116 wild type and LoVo (29), and patient data), BIM/NOXA (p53-

competent, HCT-116 puma-/- cells), or BIM-only (p53-deficient or mutated cell lines Colo-205, 

HCT-116 p53-/- and HT-29 (29)). 

Unless noted otherwise, the duration of BH3-only production rate was 12 hours, between 

time points t = 0h and t = 12h after stress induction, and kept on a constant level. The BH3-only 

stress dose η is defined as the production rate per hour multiplied by the duration. Where 

indicated, the BH3-only stress dose η required for MOMP of these proteins was calculated by 

using the iterative procedure as described below. Like the BH3-only stress dose η, administration 

of either ABT-737 or ApoG2 was modeled with a continuous increase to a specific total 

concentration of the respective drug over 12 hours (30, 31), between time point t = 0h and 

t = 12h after stress induction. 

For each cell, a steady state of the protein concentration was calculated in the absence of 

stress. The resulting steady state was used as the initial state for the subsequent calculation in the 

presence of stress. 
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Qualitative analysis of activator and effector inhibition 

To validate whether our model could reproduce the findings of Llambi et al. (32) that repression 

of activators by anti-apoptotic proteins is more efficient that repression of effectors, the 

interactions of two tBID chimeras (tBIDBAK and tBIDBAX) that were used in their study were 

modeled. The tBID BH3-domains of tBIDBAK and tBIDBAX were replaced with that of BAK or 

BAX respectively. In their study, the specific binding characteristics of these chimeras (32) 

allowed to study how easy the anti-apoptotic proteins (that bind either activators or BAK and 

BAX) can be de-repressed from their binding partners. The binding affinities (forward and 

backward kinetic constants) of tBID chimeras to the anti-apoptotic protein were modeled to be 

the same as for BAK or BAX (Supplementary Table 7A). For the activation of BAK and BAX 

by tBID chimeras, we modeled the same kinetics as for wild type tBID activation of the 

effectors. For the degradation of the chimera monomers and of the heterodimers between 

chimera and anti-apoptotic proteins, a half-life time of 75 minutes was modeled, identical to the 

one considered for tBID. 

To study the inhibition of either the effector or activator, cells with either 0.5 μM of BAK 

or BAX were modeled. In the BAK expressing cells a protein stress dose η of 1 μM tBIDBAX 

chimeras and in the BAX expressing cells a protein stress dose η of 1 μM tBIDBAK chimeras was 

applied and continuously built up within 12 hours. For both cells, two sets of calculations were 

performed. To inhibit only the effector, MCL1 was varied in BAK expressing cells and BCL2 in 

BAX expressing cell. This was consistent with the assumption that each anti-apoptotic protein 

only bound to the effector (BAK or BAX) and not to the activator (tBIDBAX or tBIDBAK). To 

inhibit only the activator, we varied MCL1 in BAX expressing cells and BCL2 in BAK 

expressing cells. Inhibition of only the activator or the effector is consistent with the two modes, 
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Mode I (activator inhibition) and Mode II (effector inhibition) of Llambi et al. (32). For each 

calculation of the set, BCL2 or MCL1 concentration were varied in the range of 0 to 2,000 nM. 

The maximum amount of BAK or BAX pores formed within 48 hours was calculated. Results 

for the both calculations were plotted as an area plot. The area of the bar was depicted to be 

proportional to the amount of pores and normalized to 500 nM (Figure 2BC). 

Determining of the model predicted BH3-only stress dose η that is required for MOMP 

The BH3-only protein stress dose η (BIM/PUMA/NOXA) that is required for MOMP was 

determined by an iterative approximation algorithm for each cell. MOMP was considered to 

occur once 10% of total effectors were bound to pores (33). An initial protein stress rate (protein 

production per time, ν0) of 2 μM/h (correspond to a 24 μM dose over 12 hours) was used. The 

initial step size for the iteration Δν0 was set to the half value of the initial protein stress rate ν0. It 

was then determined whether or not the model predicted MOMP in that particular cell, under the 

initially used stress. If MOMP was not predicted, the used protein stress rate was increased by 

the step size Δνi (νi+1 = νi + Δνi). When the protein stress was sufficient to cause MOMP, the 

used protein stress was decreased by the step size Δν0 (νi+1 = νi - Δνi). Subsequently, a new step 

size was set to the half of the actual value of Δνi+1 = Δνi / 2. Calculations were repeated until the 

step size was smaller than 10-6 μM/h (correspond to a minimal dose of 1.2x10-5 μM over 

12 hours). Finally, the BH3-only protein stress dose η required for MOMP was calculated by 

multiplying the determined protein stress ν by the duration for which the stress was modeled to 

be present (12 hours). 
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Statistical analysis of results 

A correlation analysis was performed to determine the relationship between the amount of cell 

survival in a cell population of a CRC cell lines subjected to stress (5-FU/Oxaliplatin treatment) 

and the model predicted BH3-only stress dose η that is required to induce MOMP in a 

prototypical cell of this population. The grade of linear dependency of two variables was 

assessed by the Pearson’s correlation coefficient. For analysis the MATLAB 7.3 (MathWorks, 

USA, R2007b, 7.5.0.342) function corr was used. A correlation coefficient being close to or 

equal one was assumed to indicate a good correlation. For assessing whether the model predictor 

(BH3-only stress dose η that was required to induce MOMP) was able to separate between 

favorable and unfavorable clinical outcome for CRC patients the Wilcoxon rank-sum test was 

applied using the MATLAB routine ranksum. To compare whether the predicted protein stress 

doses η required for MOMP in either tumor tissue or in matched normal tissue were independent 

from each other, the Wilcoxon signed rank-sum test for paired data sets was applied. The 

MATLAB routine signrank was used therefore. For statistical analysis of patients’ matched and 

tumor tissue, and patients with favorable and unfavorable outcome the Wilcoxon signed rank-

sum test and the Wilcoxon rank-sum test were performed using the MATLAB routines signrank 

and ranksum. The estimated BH3-only stress dose η of 300 nM was used as predictor for 

favorable or unfavorable outcome. Patients with a required BH3-only stress dose η of 300 nM or 

higher were predicted to have unfavorable outcome. Patients with a required stress dose of η of 

less 300 nM were predicted to have favorable outcome. The statistical software PASW (SPSS 

Inc., USA, version 18) was used to compute the Kaplan-Meier curves of model prediction of 

patient outcome. The PASW logrank test was used to compare Kaplan-Meier curves. 
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Supplementary Table Legends 

Supplementary Table 1: Translation of protein interactions into Ordinary Differential 

Equations 

Protein reactions were grouped into different classes and translated into a 

mathematical form according to the examples given below. Kinetic constants are described in 

the supplementary text. (A) The protein degradation rate of the protein ‘C’ was modeled to be 

proportional to the actual protein concentration. (B) Protein turnover of a protein ‘C’ was 

modeled to consist of constant protein production and protein degradation. (C) Translocation 

of a protein ‘R’ to a different compartment was modeled by a first order reaction. The 

translocated protein was considered as different model entity ‘R*’. (D) Irreversible protein 

reaction where two proteins ‘R1’ and ‘R2’ formed a new protein ‘P’. Changes of protein 

concentration over time were proportional to the product of reactant concentrations. (E) 

Reversible reactions of two proteins ‘R1’ and ‘R2’ forming a complex ‘R1~R2’. Change of 

protein concentration was given by balancing forward and backward reactions. 

Supplementary Table 2: Pseudo-reactions for degradation and degradation rates as 

used in the model 

Proteins and protein complexes that were modeled to be subjected to degradation are 

depicted. Once stress was induced the half-life time of MCL1 was reduced from 45 (2, 3) to 

17 minutes (4). We modeled stable levels of BAK and BAX (protein half-life time > 22 hours 

(8, 9)) and therefore modeled protein neither production nor degradation for those proteins. 

We considered for BCL(X)L the same half-life time as for BCL2 (300 minutes) due to the 
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similar amino acid sequence of BCL2 and BCL(X)L (EMBOSS Needle alignment, similarity 

53%). Half-life times of most complexes of anti- and pro-apoptotic proteins were modeled to 

be the same as the half-life time of the BCL2~tBID / BCL(X)L~tBID complex. The 

degradation constants kdeg were calculated from the half life time by the following equation: 

)*60()2ln( 2/1deg tk =  

Supplementary Table 3: Pseudo-reactions and kinetics for inhibition of BH3-only 

proteins and effectors BAK and BAX by anti-apoptotic proteins 

Pseudo reactions and kinetic constants for binding of (A) BCL2, (B) BCL(X)L, 

(C) MCL1 to BH3-only proteins, and BAK and BAX are given. Dissociation constants KD 

were taken from literature as indicated (13). Whenever no binding was reported, a KD of 

10,000 nM was modeled. Wherever indicated, the backward constant kbackward was taken from 

(13) and otherwise fixed as stated in the text. No KD for the binding of BCL2 to tBID was 

reported in literature. We modeled a KD of 4 nM with respect to the assumption that the ratio 

of the KD of the binding of BCL2 to BID (66 nM (14)) and BCL2 to tBID is about the same 

as the ratio of the KD binding of BCL(X)L to BID (448 nM (34)) and BCL(X)L to tBID 

(27.2 nM (15)). Forward constants were obtained from the backward constants kbackward and 

from dissociation constants KD, by Dbackwardforward Kkk =  

Supplementary Table 4: BAK and BAX activation and BAK inhibition by VDAC2 

Activation of BAK and BAX by BIM, PUMA, tBID and by the tBID chimeras 

tBIDBAK and tBIDBAX is given. (A) In a first step, inactive cytosolic BAX and inactive BAK 

were modeled to build hetero-dimers with their respective activators. KD values and 

forward/backward reaction constants were modeled as below. (B) Once the hetero-dimer was 

formed, the activation and instant dissociation between BAK and BAX and the respective 
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activators were modeled with a half-life time of 1/10 minute. (C) Activated cytosolic BAX 

was modeled to translocate with a half-life time 1/10 minute (k = 1.16x10-11s-1) to the 

mitochondrial membrane. (D) Inactive BAK was modeled to be able to bind to VDAC2. 

Supplementary Table 5: Effector homo-oligomerization 

Activated BAK and BAX were modeled to homo-oligomerize in the mitochondrial 

outer membrane. Effectors were able to build homo-dimers which further were modeled to 

build larger homo-oligomers. Independent of the complex size, the same dissociation 

constants and kinetic constants were used. Homo-oligomers larger or equal than hexamers 

were considered as pores. Only homo-oligomers smaller than or equal to dodecamers were 

taken into account. Size of effector oligomers are indicated by superscripts. 

Supplementary Table 6: Modeling apoptosis sensitizers ABT-737 and ApoG2 

Interaction kinetics of the apoptosis sensitizers ABT-737 and ApoG2 with BCL2 

proteins were included into the model. (A) Binding of both sensitizers to pro-apoptotic BCL2 

protein according to KD values of the literature (B) degradation of ABT-737 and ApoG2 and 

their hetero-dimers with anti-apoptotic proteins were estimated. 

Supplementary Table 7 

Two tBID chimeras were modeled to reproduce the findings of Llambi et al. (32) that 

repression of effectors by anti-apoptotic proteins is more efficient that repression of 

activators. (A) For the tBIDBAK chimera binding to BCL2 and MCL1 the same binding as for 

BAK binding to BCL2 and MCL1 were modeled. Likewise, for the binding of tBIDBAX 

chimera to BCL2 and MCL1 the same binding kinetics as for binding of BAX to BCL2 and 
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MCL1 were modeled. (B) For degradation of the tBID chimera complexes with BCL2 and 

MCL1, the same half-time of degradation as for the tBID~BCL2 dimer was modeled. 

Supplementary Table 8: BCL2 protein quantification of CRC cell lines 

Protein concentrations of BAK, BAX, BCL2, BCL(X)L and MCL1 of HeLa and 

colon cancer cell lines as determined by quantitative Western blotting. The concentrations 

were used in calculations as initial and steady state concentrations in absence of stress. 

Supplementary Table 9: BCL2 protein quantification of CRC patient samples 

Protein concentrations of BAK, BAX, BCL2, BCL(X)L and MCL1 of matched 

normal and tumor tissue of stage II and III CRC patients as determined by quantitative 

Western blotting. We modeled average concentrations of either all favorable or all 

unfavorable outcome patients for respective unavailable patient values, which are indicated 

with an asterisk (*). All concentrations were used in calculations as initial and steady state 

concentrations in absence of stress. 
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Supplementary Tables 

Supplementary Table 1 
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Supplementary Table 2 

Biochemical reaction kdeg 
[s-1]

t1/2 
[min] 

BCL2 → 3.85E-05 300 (1)
BCL(X)L → 3.85E-05 300 
MCL1 → 2.57E-04 45 (2, 3)
MCL1 → 6.80E-04 17 (4)
BIM → 4.81E-05 240 (1)
tBID → 1.54E-05 75 (5)
PUMA → 5.66E-05 204 (6)
NNOXA → 1.93E-04 60 (7)
BCL2 ~ BIM → 1.54E-05 75 
BCL(X)L ~ BIM → 1.54E-05 75 
MCL1 ~ BIM → 7.70E-05 150 (10)
BCL2 ~ tBID → 1.54E-05 75 (5)
BCL(X)L ~ tBID → 1.54E-05 75 (5)
MCL1 ~ tBID → 1.54E-05 75 
BCL2 ~ PUMA → 1.54E-05 75 
BCL(X)L ~ PUMA → 1.54E-05 75 
MCL1 ~ PUMA → 7.70E-05 150 (11)
BCL2 ~ NOXA → 1.54E-05 75 
BCL(X)L ~ NOXA → 1.54E-05 75 
MCL1 ~ NOXA → 2.57E-04 45 (12)
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Supplementary Table 3 

A Biochemical reaction kforward 
[nM-1s-1] 

kbackward 
[s-1] 

KD 
[nM] 

BCL2 + BIM ↔ BCL2 ~ BIM 3.00E-05 1.40E-04 4.5 (13)
BCL2 + tBID ↔ BCL2 ~ tBID 3.50E-05 1.40E-04 4.0 
BCL2 + PUMA ↔ BCL2 ~ PUMA 7.78E-06 1.40E-04 18.0 (14)
BCL2 + NOXA ↔ BCL2 ~ NOXA 7.29E-07 1.40E-04 192.0 (14)
BCL2 + BAK ↔ BCL2 ~ BAK 1.40E-08 1.40E-04 10,000 (12)
BCL2 + BAX ↔ BCL2 ~ BAX 9.33E-06 1.40E-04 15.0 (35)

 

B Biochemical reaction kforward 
[nM-1s-1]

kbackward 
[s-1]

KD 
[nM] 

BCL(X)L + BIM ↔ BCL(X)L ~ BIM 5.50E-04 4.40E-04 0.8 (13)
BCL(X)L + tBID ↔ BCL(X)L ~ tBID 1.62E-05 4.40E-04 27.2 (15)
BCL(X)L + PUMA ↔ BCL(X)L ~ PUMA 8.63E-05 4.40E-04 5.1 (16)
BCL(X)L + NOXA ↔ BCL(X)L ~ NOXA 4.40E-08 4.40E-04 10,000 (36)
BCL(X)L + BAK ↔ BCL(X)L ~ BAK 5.50E-06 4.40E-04 80.0 (17)
BCL(X)L + BAX ↔ BCL(X)L ~ BAX 5.18E-07 4.40E-04 850.0 (18)

 

C Biochemical reaction kforward 
[nM-1s-1]

kbackward 
[s-1] 

KD 
[nM] 

MCL1 + BIM ↔ MCL1 ~ BIM 1.30E-03 2.60E-04 0.2 (13)
MCL1 + tBID ↔ MCL1 ~ tBID 2.63E-05 2.60E-04 9.9 (19)
MCL1 + PUMA ↔ MCL1 ~ PUMA 1.37E-04 2.60E-04 1.9 (19)
MCL1 + NOXA ↔ MCL1 ~ NOXA 6.58E-06 2.60E-04 39.9 (19)
MCL1 + BAK ↔ MCL1 ~ BAK 3.25E-05 2.60E-04 8.0 (12, 17)
MCL1 + BAX ↔ MCL1 ~ BAX 2.60E-08 2.60E-04 10,000 (20)
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Supplementary Table 4 

A Biochemical reaction kforward 
[nM-1s-1]

kbackward 
[s-1]

KD 
[nM] 

Baxc + Activator ↔ Baxc ~ Activator 2.57E-06 2.57E-04 100.0
Bakm + Activator ↔ Bakm ~ Activator 2.57E-06 2.57E-04 100.0

 

B Biochemical reaction k 
[s-1]

t1/2 
[min] 

Bakm ~ Activator → Bak*m + Activator 1.16E-01 0.1
Baxc ~ Activator → Bax*c + Activator 1.16E-01 0.1

 

C Biochemical reaction k 
[s-1]

t1/2 
[min] 

Bax*c → Bax*m 1.16E-01 0.1  

 

D Biochemical reaction kforward 
[nM-1s-1]

kbackward 
[s-1] 

KD 
[nM] 

Bakm + VDAC2 ↔ Bakm ~ VDAC2 2.31E-06 2.31E-03 1,000.0
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Supplementary Table 5 

Biochemical reaction kforward 
[nM-1s-1] 

kbackward 
[s-1] 

KD 
[nM] 

Effector*m + Effector*m ↔ Effector2
m 1.28E-05 1.93E-04 15 

Effector2
m + Effector2

m ↔ Effector4
m 1.28E-05 1.93E-04 15 

Effector2
m + Effector4

m ↔ Effector6
m 1.28E-05 1.93E-04 15 

Effector2
m + Effector6

m ↔ Effector8
m 1.28E-05 1.93E-04 15 

Effector4
m + Effector4

m ↔ Effector8
m 1.28E-05 1.93E-04 15 

Effector4
m + Effector7

m ↔ Effector10
m 1.28E-05 1.93E-04 15 

Effector2
m + Effector8

m ↔ Effector10
m 1.28E-05 1.93E-04 15 

Effector6
m + Effector6

m ↔ Effector12
m 1.28E-05 1.93E-04 15 

Effector4
m + Effector8

m ↔ Effector12
m 1.28E-05 1.93E-04 15 

Effector2
m + Effector10

m ↔ Effector12
m 1.28E-05 1.93E-04 15 

Supplementary Table 6 

A Biochemical reaction kforward 
[nM-1s-1] 

kbackward 
[s-1] 

KD 
[nM] 

ApoG2 + BCL2 ↔ ApoG2 ~ BCL2 5.50E-06 1.93E-04 35.0 (27)
ApoG2 + BCL(X)L ↔ ApoG2 ~ BCL(X)L 2.92E-07 1.93E-04 660.0 (27)
ApoG2 + MCL1 ↔ ApoG2 ~ MCL1 7.70E-06 1.93E-04 25.0 (27)
ABT-737 + BCL2 ↔ ABT-737 ~ BCL2 1.93E-04 1.93E-04 1.0 (27)
ABT-737 + BCL(X)L ↔ ABT-737 ~ BCL(X)L 3.85E-04 1.93E-04 0.5 (27)
ABT-737 + MCL1 ↔ ABT-737 ~ MCL1 1.93E-07 1.93E-04 1,000.0 (27)

 

B Biochemical reaction kdeg 
[s-1] 

t1/2 
[min] 

ApoG2 → 2.41E-05 480 (28)
ApoG2 ~ BCL2 → 1.54E-04 75 
ApoG2 ~ BCL(X)L → 1.54E-04 75 
ApoG2 ~ MCL1 → 7.70E-05 150 
ABT-737 → 9.63E-05 120 
ABT-737 ~ BCL2 → 1.54E-04 75 
ABT-737 ~ BCL(X)L → 1.54E-04 75 
ABT-737 ~ MCL1 → 7.70E-05 150 

Supplementary Table 7 

A Biochemical reaction kforward 
[nM-1s-1] 

kbackward 
[s-1] 

KD 
[nM] 

tBIDBAK + BCL2 ↔ BCL2 ~ tBIDBAK 1.40E-08 1.40E-04 10,000 (12)
tBIDBAX + BCL2 ↔ BCL2 ~ tBIDBAX 9.33E-06 1.40E-04 15.0 (35)
tBIDBAK + MCL1 ↔ MCL1 ~ tBIDBAK 3.25E-05 2.60E-04 8.0 (12, 17)
tBIDBAX + MCL1 ↔ MCL1 ~ tBIDBAX 2.60E-08 2.60E-04 10,000 (20)
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B Biochemical reaction kdeg 
[s-1] 

t1/2 
[min] 

BCL2 ~ tBIDBAK → 1.54E-04 75 
BCL2 ~ tBIDBAX → 1.54E-04 75 
MCL1 ~ tBIDBAK → 1.54E-04 75 
MCL1~ tBIDBAX → 1.54E-04 75 

Supplementary Table 8 

 BAK 
[nM] 

BAX 
[nM]

BCL2 
[nM]

BCL(X)L 
[nM]

MCL1 
[nM] 

HeLa 1,009.24 519.41 239.07 109.98 83.38
COLO-205 467.24 959.58 84.30 484.40 5.20
DLD-1 779.22 409.67 22.17 199.30 11.64
HCT-116 676.65 317.56 230.64 604.41 25.26
HCT-116 p53-/- 559.79 278.28 342.07 603.95 23.27
HCT-116 puma-/- 338.95 320.94 129.70 456.29 6.90
HT-29 1,306.89 972.29 46.56 994.13 3.81
LoVo 1,932.36 0.00 653.24 653.73 37.03
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Supplementary Table 9 

patient tissue 
BAK

[nM]
BAX

[nM]
BCL2

[nM]
BCL(X)L 

[nM] 
MCL1

[nM]

1 matched normal 1,370.97 789.97 2,313.86 172.76 74.57

1 tumor 314.32 233.56 692.70 176.48 44.48

2 matched normal  664.09 179.87 3,911.92 42.05 22.97

2 tumor 742.22 490.41 1,464.12 91.87 26.15

3 matched normal 703.34 895.66 264.84 612.59 25.35

3 tumor 331.33 523.77 625.89 252.10 20.61

4 matched normal 180.25 133.49 5,836.44 13.73 10.19

4 tumor 875.01 477.59 4,504.48 11.62 29.32

5 matched normal 5,357.72 53.70 242.39 35.38 0.00

5 tumor 2,875.64 172.92 32.77 27.00 0.00

6 matched normal 146.04 142.78 843.30 351.40 5.90

6 tumor 182.57 487.57 840.38 62.16 7.19

7 matched normal 9,635.40 104.02 995.55 23.62 0.00

7 tumor 5,443.42 103.86 73.81 0.00 0.00

8 matched normal 619.41 231.99 3,183.80 39.17 40.42

8 tumor 481.30 520.58 589.11 277.19 41.81

9 matched normal 173.18 158.46 335.98 1.93 39.92

9 tumor 58.33 112.46 81.07 6.63 46.13

10 matched normal 106.78 79.16 144.57 0.64 * 18.00
10 tumor 316.50 216.02 389.81 0.00 * 23.71
11 matched normal 77.10 168.68 133.02 5.25 16.89

11 tumor 46.02 1,334.21 48.75 54.68 178.02

12 matched normal 285.04 348.67 352.52 5.98 47.51

12 tumor 400.52 430.55 195.21 1.18 35.58

13 matched normal 365.85 50.75 * 2,066.45 17.01 4.34

13 tumor 871.58 910.15 * 966.77 1.68 27.83

14 matched normal 7,101.13 368.86 859.97 717.46 13.79

14 tumor 5,371.28 75.53 870.74 30.98 3.47

15 matched normal 213.41 160.12 184.03 2.91 1.49

15 tumor 40.68 38.92 31.74 0.71 0.00

16 matched normal 253.32 119.49 775.33 16.31 2.39

16 tumor 83.10 37.42 162.79 5.88 0.37

17 matched normal 94.77 106.06 * 2,066.45 3.83 1.64

17 tumor 89.82 646.61 * 966.77 1.12 13.88

18 matched normal 142.54 113.96 764.53 1.52 18.46

18 tumor 22.00 315.59 291.21 2.91 6.74

19 matched normal 163.09 288.69 2,577.52 492.48 32.22

19 tumor 127.06 392.36 999.63 59.42 8.45

20 matched normal 115.41 92.63 78.27 1.33 6.49



 21  

patient tissue 
BAK

[nM]
BAX

[nM]
BCL2

[nM]
BCL(X)L 

[nM] 
MCL1

[nM]

20 tumor 67.78 107.87 31.18 7.28 7.02

21 matched normal 225.06 311.28 4,840.16 19.25 10.52

21 tumor 66.51 197.63 601.53 1.10 4.17

22 matched normal 58.94 217.63 610.40 149.44 17.82

22 tumor 48.44 485.07 613.31 76.16 1.76

23 matched normal 593.64 229.37 2,318.75 241.51 19.11

23 tumor 580.01 373.76 1,374.92 522.93 30.12

24 matched normal 31.39 122.48 2,946.98 1.78 18.92

24 tumor 317.51 188.75 1,333.18 72.55 15.45

25 matched normal 94.06 96.87 * 2,066.45 0.80 13.72

25 tumor 65.30 265.31 1,743.95 9.08 19.87

26 matched normal 761.16 294.13 2,006.17 58.79 32.28

26 tumor 545.74 138.98 443.64 98.40 8.19
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Supplementary Figure Legends 

Supplementary Figure 1: The model gives detailed protein profiles after genotoxic stress 

induction and cell predictions of MOMP 

Genotoxic stress was modeled to induce the BH3-only proteins BIM, PUMA and 

NOXA with a protein dose η of 400 nM for each BH3-only protein over 12 hours (vertical 

lines) in HeLa cells. The calculated individual profiles of the protein complex concentrations 

are given in each panel. (A) Free BIM and BIM sequestered by anti-apoptotic BCL2 proteins. 

(B) Free PUMA and PUMA sequestered by anti-apoptotic BCL2 proteins. (C) Free NOXA 

and NOXA sequestered by anti-apoptotic BCL2 proteins. (D) Free and active effector 

monomers of BAX or those bound by the anti-apoptotic BCL2 proteins at indicated time 

periods after stress induction. (E) The amount of the not sequestered anti-apoptotic proteins 

BCL2, BCL(X)L and MCL1 found at the indicated times post stress induction. (F) Free and 

active effector monomers of BAK or those bound by the anti-apoptotic BCL2 proteins at the 

indicated times post stress induction. (G) The amount of BAX, BAK or BAX/BAK pores 

formed at the indicated times post stress induction. 

Supplementary Figure 2: Temporal protein profiles for HCT-116 cells assuming the 

same genotoxic stress as in HeLa cells (Supplementary Figure 1) 

Like in Supplementary Figure 1, genotoxic stress was modeled to induce the 

BH3-only proteins BIM, PUMA and NOXA with a protein dose η of 400 nM for each 

BH3-only protein over 12 hours (vertical lines) in HCT-116 cells. Calculated individual 

profiles of protein complex concentrations are given in each panel (A) free BIM and BIM 
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sequestered y anti-apoptotic proteins (B-C) same as (A) for PUMA (B), NOXA (C). (D) free 

and active effector monomers of BAX (E) the amount of free anti-apoptotic proteins BCL2, 

BCL(X)L and MCL1, (F) free and active effector monomers of BAK, (G) BAX and BAK 

pores. 

Supplementary Figure 3: Systems modeling can act as a clinical tool to determine 

therapeutic windows and to assess adjuvant treatments  

Calculated protein stress dose η that is required to induce MOMP may be a potential 

indicator of patient individual therapeutic windows. BH3-only stress dose η of BIM, PUMA 

and NOXA that is expressed upon genotoxic stress is modeled to be a surrogate for the 

administered chemotherapeutic dose. Differences in the predicted BH3-only stress dose η 

between matched normal and tumor tissue for each patient as calculated in Figure 4D is 

indicated by arrows. Arrow lengths indicate differences in BH3-only stress dose η and their 

direction indicates the presence (arrows to the left) or absence (arrows to the right) of a 

predicted therapeutic window. 
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