
Supplementary tables 

Table 1S – Notations of parameters used in the paper and in the original models 

Parameters notation in the paper Parameters notation by Bentele et al., 2004 

              

                   

            

                      

                    

                       

                          

                             

         
              
              
                    
              
              
              
                                
                             
                   
                           
                 
                
                 
                                 
                
                
                
                    
                  

                   

  

Parameters notation in the paper Parameters notation by Neumann et al., 2004 

                  

 
  



Table 2S – Table of all reactions (excepting degradation) and rate constants in the composite model 

№ Reactions Kinetic laws 
Rate constants 

(nM
-1

min
-1

; min
-1

) 
Comments

1
 

nr1 CD95L + CD95R:FADD → DISC                         , Neumann et al., 2010 

nr2 pro8 + DISC → DISC:pro8                               , Neumann et al., 2010 

nr3 DISC + FLIPL → DISC:FLIPL                              , Neumann et al., 2010 

nr5 DISC:pro8 + pro8 → 2 x p43p41                                     , Neumann et al., 2010 

nr6 DISC:pro8 + FLIPL → p43-FLIP                                     , Neumann et al., 2010 

nr7 DISC:pro8 + FLIPS → DISC:pro8:FLIPS                                   , Neumann et al., 2010 

nr8 DISC:FLIPL + pro8 → p43FLIP                                     , Neumann et al., 2010 

nr9 DISC:FLIPL + FLIPL → DISC:FLIPL2                                    , Neumann et al., 2010 

nr10 DISC:FLIPL + FLIPS → DISC:FLIPL:FLIPS                                    , Neumann et al., 2010 

nr14 2 x p43p41 → casp8            
                , Neumann et al., 2010 

nr15_m pro3 –casp9→ casp3                              Fitted value, 

              , Neumann et al., 2010 

nr16 pro8 -casp3→ p43p41                   0.01205258 Fitted value, 

             , Neumann et al., 2010 

nr19 p43FLIP → p43-FLIP:IKK*                                   , 

              

   ,        , Neumann et al., 2010 

nr20 NF-κB:IκB -p43-FLIP:IKK→ NF-κB:IκB-P         κ   κ                             , Neumann et al., 2010 

nr21 NF-κB:IκB-P → NF-κB*         κ   κ                , Neumann et al., 2010 

br6*_m pro9 -tBid→ casp9                            – 

br7* Bid -casp8→ tBid                           Fitted value, 

                        
the reduced Bentele’s model 

br8* pro2 -casp3→ (cleavage)                 

          

 
               , 

                 

Fitted values, 

           ,            , 

Bentele et al., 2004 

br9* pro3 -casp8→ casp3                 

          

  
        (HeLa) or 

        (SKW 6.4),  

                

Fitted values, 

           ,                  , 

Bentele et al., 2004 

br10* pro7 -casp8→ (cleavage)                               Fitted value, 

                  the reduced Bentele’s model 

br11* PARP –casp3→ cPARP                               Fitted value, 

                             
the reduced Bentele’s model 

br12* casp3 + IAP → (inhibition)                       Fitted value, 

                       , Bentele et al., 2004 

br13* -casp3→ Apoptotic activity                                     Fitted value, 

                                      
Bentele et al., 2004 

  

                                                      
1
 The column contains basic parameters or expressions (and their values if they were refitted) in the combined models. 



Table 3S – Table of degraded species and kinetic laws of degradation in the composite model 

Degraded species Degradation rates Rate constants (min
-1

) 

pro2, pro3, pro8, DISC:pro8, DISC:pro8:FLIPS, pro9, Bid, 

PARP 
              

  

      

               
                                   

                                     

                                             

  

casp3               
                     , (   , Neumann et al., 2010) 

casp8               
                      , (   , Neumann et al., 2010) 

casp9               
                                 

cPARP                        , (K_DEGRAD_PARP, Bentele et al., 2004) 

tBid                           

p43-FLIP:IKK*                      , (   , Neumann et al., 2010) 

Apoptotic activity (   )                              

Table 4S – Table of nonzero initial concentrations in the composite model 

Species 
Initial concentrations (nM) 

Neumann et al., 2010 

HeLa cells 

Bentele et al., 2004 

SKW 6.4 cells 

Composite model 

HeLa cells 

Composite model 

SKW 6.4 cells 

CD95L                                                               

CD95R –                  – – 

CD95R:FADD                                         
procaspase-2 –                                                      
procaspase-3                                                      
procaspase-7 –                                                    
procaspase-8                                                      
procaspase-9 –                                                      
FLIPL                                             
FLIPS                                                      
IAP –                                    
Bid –                                                     
IKK          –                   
NF-κB:IκB          –                   
PARP –                                                    

 

  



Table 5S – Steady state analysis of the Bentele’s model and the composite model 

Species 
Steady state values, anti-CD95 = 200 ng/ml Steady state values, anti-CD95 = 5 µg/ml 

Original model Reduced model Composite model Original model Reduced model Composite model 
procaspase-2                                                             
procaspase-3 – – –             
procaspase-7 – – –             

procaspase-8                       
           

(total value) 
              

          

(total value) 
procaspase-9             – – – 
caspase-8                         
p43/p41                   – – – 
Bid – – –                               
tBid – – –                         
PARP                         
cPARP – – –             

Table 6S – Steady state analysis of the Neumann’s model and the composite model 

Species 

Steady state values, 

anti-CD95 = 1500 ng/ml 

Steady state values, 

anti-CD95 = 500 ng/ml 

Steady state values, 

anti-CD95 = 250 ng/ml 

Original 

model 
Reduced 

model 
Composite 

model 
Original 

model 
Reduced 

model 
Composite 

model 
Original 

model 
Reduced 

model 
Composite 

model 
procaspase-8 (total)                                                                                               
p43/p41                                                                                           
caspase-8                                     
procaspase-3                                                                                           
caspase-3                                     
IκB                                                                         
IκB-P                                     
p43-FLIP                                     

Table 7S – Calculation of the mean sensitivity for the investigated apoptosis models 

Cell lines, 

anti-CD95 

concentrations 

The model by Bentele et al. The model by Neumann et al. 
The composite model, 

all parameters 
Original model Reduced 

model 

Original model Reduced 

model All parameters  Retained parameters All parameters  Retained parameters 

SKW 6.4, 5 µg/ml                      – – –         
SKW 6.4, 200 ng/ml                      – – –         
HeLa, 1500 ng/ml – – –                             
HeLa, 500 ng/ml – – –                             
HeLa, 250 ng/ml – – –                             

 
  



Table 8S – Analysis of predictions regarding apoptosis in HeLa cells as formulated by Neumann et al. 

№
2
 

Behavior of the model by 

Neumann et al. 
Behavior of the reduced model The composite model behavior Predictions by Neumann et al.

3
 

1* 

 

The concentration of anti-CD95 required for the 

apoptosis induction (the apoptotic threshold), is within 

the range of 30-100 ng/ml. This range remains the same 

for CD95 decreased by about 12-fold. 

 

The simulation time, which we used to reproduce this 

prediction, was 60 hours. 

2* 

 

The decreased receptor number results in impairment of 

both CD95- and NF-κB-signaling pathways. To test this 

prediction, Neumann et al. considered levels of 

caspases-8 cleavage and IκB-α degradation for the 

original (solid lines) amount of CD95 and the amount 

decreased by about 12-fold (dashed lines). The 

concentration of anti-CD95 was 500 ng/ml. 

3* 

 

Along with increasing the concentration of anti-CD95 

from 500 ng/ml to 1500 ng/ml, p43/p41 peaks earlier, 

while there is almost no difference for p43-FLIP. 

4 

 

Increased concentrations of cFLIPS inhibit both 

apoptotic and NF-κB pathways, although p43-FLIP 

generation is inhibited at a lower threshold than p43/p41 

generation. 

                                                      
2
 All the predictions marked with an asterisk were experimentally tested by Neumann et al. and confirmed, unless otherwise noted. 

3
 The The simulation time in predictions 3-7 was 360 min. The concentration of anti-CD95 considered by the authors in predictions 4-7 was 1000 ng/ml. 



Table 8S (continuation) 

№ 
Behavior of the model by 

Neumann et al. 
Behavior of the reduced model The composite model behavior Predictions by Neumann et al. 

5* 

 

Increasing the concentration of cFLIPL leads to a steep 

increase in p43-FLIP generation until it reaches a 

maximum, after which the curve drops. Lowered levels 

of cFLIPL result in very little p43-FLIP but almost 

unchanged levels of p43/p41. 

 

At very high concentrations of cFLIPL no p43-FLIP is 

generated. This drop-off was not observed 

experimentally by the authors. 

6* 

 

Only an intermediate level of cFLIPL promotes NF-kB 

activation. Decreased levels of procaspase-8 lead to a 

significantly lower amount of p43-FLIP and, 

subsequently, NF-κB. The figures show of logarithmic 

dependence of the maximal NF-κB concentration on the 

initial values of procaspase-8 and cFLIPL 

7* 

 

High cFLIPL or low procaspase-8 concentrations cause 

suppression of apoptosis. The figures show the same 

dependence as considered in the previous prediction, but 

with caspases-3 instead of NF-κB. 

  



Table 9S – Predictions of the models for SKW 6.4 cells 

№ 
Behavior of the model by 

Bentele et al. 
Behavior of the reduced model The composite model behavior 

Experimental observations by Bentele et al. and 

predictions of the models
4
 

1 

 

Experiments by Bentele et al.: 

 for 1 ng/ml of anti-CD95, PARP cleavage was not 

observed; 

 the measured death rate for 10 ng/ml of anti-CD95 

was 20-30%. 

Original and reduced models: 

 the apoptotic threshold
5
 is 1.9 and 6.9 ng/ml for the 

original and reduced models, respectively; 

 cPARP concentration rises dramatically within an 

extremely narrow interval of anti-CD95 levels 

overcoming the apoptotic threshold. 

Composite model: 

 the apoptotic threshold is 3.5 ng/ml; 

 cPARP concentration rises in a smooth manner along 

with the increase of anti-CD95 level.  

2 

 

Experiments by Bentele et al.: down-regulation of 

cFLIP in SKW 6.4 cells by addition of cyclohexamide 

resulted in cell death (40% for 1 day) already upon 1 

ng/ml of anti-CD95. The level of cFLIP was decreased to 

70%. 

All models: 

 the apoptotic threshold is highly sensitive to the 

concentration of cFLIP; 

 decreasing the initial concentration of cFLIP by more 

than 51%, 86% and 49% for the original, reduced and 

composite models, respectively, leads to cell death 

upon stimulation by 1 ng/ml of anti-CD95. 

3 

 

Experiments by Bentele et al.: in the 10 ng/ml activation 

scenario, a significant increase of caspase-8 was observed 

after more than 4 hours. 

All models: anti-CD95 concentrations which are slightly 

above the apoptotic threshold result in caspase-8 

activation after a delay of many hours. 

 

The figures show peak times of caspase-8 concentration 

exceeding 0.1% of initial procaspase-8 level. 

  

                                                      
4
 The simulation time was 2880 min (2 days) in all predictions. 

5
 The apoptotic threshold is the concentration of anti-CD95 after which cPARP amount exceeds 10% of the initial PARP level. 



Table 9S (continuation) 

№ 
Behavior of the model by 

Bentele et al. 
Behavior of the reduced model The composite model behavior 

Experimental observations by Bentele et al. and 

predictions of the models 

4 

 

Original and reduced models: 

 low concentrations of IAP (less than 1 nM) result in 

complete cell death; 

 high concentrations of IAP prevent significant 

increase of caspase-3 even for high concentrations of 

the ligand. 

Composite model: 

 low concentrations of IAP (less than 1 nM) block 

apoptosis for CD95L less than 0.3 nM; 

 high concentrations of CD95L lead to cell death. 

 

The figures show logarithmic dependence of the maximal 

caspases-3 concentration on initial values of IAP and 

CD95L. 

  



Table 10S – Parametric constraints of the models by Bentele et al. and Neumann et al. 
№ Parametric constraints of the Bentele’s model

6
 Corresponding reduction steps 

1                ,         , 

                                        , 

                 

Simplification of the equation of     production 

2                                 Elimination of quasi-stationary intermediates CD95R:CD95L, DISC:pro8, DISC:pro82 and 

DISC:p43/p41. Removal of slow reactions br12 and br13 

3                ,         Deletion of caspase-6 and procaspase-6 

4            or           Formation of the linear kinetic law of caspase-8 activation triggered by caspase-3 

5            Elimination of the quasi-stationary species DISC:cFLIPL 

6                    , 

reactions br9 and br11 have the same rate constant           . 

Lumping of cFLIPL and cFLIPS 

7 vbr19, vcasp9 degr >> vbr20, vbr35, vbr38 Deletion of slow reactions of apoptosome complex dissociation (br20), caspase-9 inhibition (br35) and 

casp9:IAP dissociation (br38) 

8                            Elimination of cytochrome C 

9             Elimination of the quasi-stationary apoptosome complex 

10             Deletion of reaction br23 (Bid truncation) and caspase-2 

11             Replacement of the Michaelis-Menten kinetics in br22 with the mass action kinetics 

12            , 

            

Removal of the reactions of caspase-3 (br28) and caspase-7 (br30) cleavage triggered by caspase-9 

13                                    , 

                                    

Deletion of the slow reactions of casp3:IAP (br36) and casp7:IAP (br37) dissociation 

14                         Taking into account the steps described above, we can get only four reactions involving IAP (br33, br34, 

br25 and br26). At this stage, we can remove reactions br25 and br26, as well as their members Smac and 

IAP:Smac. 

15             Removal of the reaction of PARP cleavage by caspase-3 

16            Replacement of the Michaelis-Menten kinetics in br29 by the mass action kinetics 

17               , 
               ,         

Modification of kinetics of br32 

   

№ Parametric constraints of the Neumann’s model Corresponding reduction steps 

1         ,                     The slow reaction of the DISC binding by FLIPS (nr4) leads to production of a very small amount of 

DISC:FLIPS. Therefore, all reactions involving this complex (nr4, nr11-nr13) can be removed without 

any significant effect on the model dynamics. 

2               Setting the constant value of the IKK concentration 

  

 

                                                      
6
We did not analyze the constraints on degradation rates of species. 


