
1 All the Interactions of TNF-α-mediated sph-
ingomyelin signaling pathway model

S.No Interactions Reaction Rate
1 TNFR + TNFα −→ TNFR TNF kf*TNFR*TNFα
2 TNFR TNF + RAIDD −→ recruitRAIDD kf*TNFR TNF*RAIDD
3 recruitRAIDD + recruitRIP −→ RIP RAIDD kf*recruitRAIDD*recruitRIP
4 RIP RAIDD + [CASP 2] −→ [actCASP 2] kf*RIP RAIDD*[CASP 2]
5 [actCASP 8] −→ [Cell Death] kf*[actCASP 8]
6 recruitFADD + [proCASP 8] −→ [actCASP 8] kf*recruitFADD*[proCASP 8]
7 TNFR TRADD + FADD −→ recruitFADD kf*TNFR TRADD*FADD
8 TRADD + TNFR TNF −→ TNFR TRADD kf*TRADD*TNFR TNF
9 phIKK + NFkB −→ actNFkB kf*phIKK*NFkB
10 actNIK + IKK −→ phIKK kf*actNIK*IKK
11 TRADD TRAF2 + NIK −→ actNIK kf*TRADD TRAF2*NIK
12 TRAF2 + TNFR TRADD −→ TRADD TRAF2 kf*TRAF2*TNFR TRADD
13 actNFkB −→ cIAP2 kf*actNFkB
14 FAN + TNFR −→ TNFR FAN kf*FAN*TNFR
15 TNFR FAN + SMase −→ actSMase kf*TNFR FAN*SMase
16 Ceramide + CAPK −→ actCAPK kf*Ceramide*CAPK
17 recruitFADD + SMase −→ actSMase kf*recruitFADD*SMase
18 Ceramide + SMS −→ SM + SMS kf*Ceramide*SMS
19 actSMase + PKC −→ [SMase(translocated)] kf*actSMase*PKC
20 SM + [SMase(translocated)] −→ Ceramide + [SMase(translocated)] kf*SM*[SMase(translocated)]
21 CAPP + Ceramide −→ actCAPP kf*CAPP*Ceramide
22 [Cytochrome C] + [CASP 3and9] −→ [actCASP 3and9] kf*[Cytochrome C]*[CASP

3and9]
23 actBID + Mitochondria −→ [Cytochrome C] kf*actBID*Mitochondria
24 actCathepsinD + BID −→ actBID kf*actCathepsinD*BID
25 ProteaseCathepsinD + Ceramide −→ actCathepsinD kf*ProteaseCathepsinD*Ceramide
26 [actCASP 3and9] −→ [Cell Death] kf*[actCASP 3and9]
27 CDase + Ceramide −→ Sphingosine + CDase kf*CDase*Ceramide
28 Sphingosine + SPHK −→ S1P + SPHK kf*Sphingosine*SPHK
29 S1P + S1PR −→ actS1PR kf*S1P*S1PR
30 actS1PR + Gi −→ GiCoupledReceptor kf*actS1PR*Gi
31 RasGDP + GiCoupledReceptor −→ RasGTP kf*RasGDP*GiCoupledReceptor
32 RasGTP + GAP −→ RasGDP kf*RasGTP*GAP
33 Sphingosine + CDase −→ Ceramide + CDase kf*Sphingosine*CDase
34 PI3K + GiCoupledReceptor −→ actPI3K kf*PI3K*GiCoupledReceptor
35 actPI3K + PIP2 −→ PIP3 kf*actPI3K*PIP2
36 PIP3 + AKT −→ recruitAKT kf*PIP3*AKT
37 recruitAKT + PDK1 −→ actAKT kf*recruitAKT*PDK1
38 actCAPP + recruitAKT + PDK1 −→ null kf*actCAPP*recruitAKT*PDK1
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39 actAKT + actCathepsinD + BID −→ null kf*actAKT*actCathepsinD*BID
40 actAKT + [Cytochrome C] + [CASP 3and9] −→ null kf*actAKT*[Cytochrome

C]*[CASP 3and9]
41 actERK −→ [Cell Survival] kf*actERK
42 actMEK + ERK −→ actERK kf*actMEK*ERK
43 actRAF + MEK −→ actMEK kf*actRAF*MEK
44 RAF + RasGTP −→ actRAF kf*RAF*RasGTP
45 [actCASP 2] −→ [Cell Death] kf*[actCASP 2]
46 RIP + TNFR TRADD −→ recruitRIP kf*RIP*TNFR TRADD
47 actAKT −→ [Cell Survival] kf*actAKT
48 actERK −→ [Cell Death] kf*actERK
49 SM + actSMase −→ Ceramide + actSMase kf*SM*actSMase
50 actCAPK + RAF −→ actRAF kf*actCAPK*RAF
51 [actCASP 8] + cIAP2 −→ null kf*[actCASP 8]*cIAP2
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2 Ordinary Differential Equations representing
Simulations of Interactions of TNF-α-mediated
sphingomyelin signaling pathway model

� d(TNFR)/dt = 1/[TNF SM pathway]*(-ReactionFlux1 - ReactionFlux14)

� d(TNFalpha)/dt = 1/[TNF SM pathway]*(-ReactionFlux1)

� d(TNFR TNF)/dt = 1/[TNF SM pathway]*(ReactionFlux1 - Reaction-
Flux2 - ReactionFlux8)

� d(RAIDD)/dt = 1/[TNF SM pathway]*(-ReactionFlux2)

� d(recruitRAIDD)/dt = 1/[TNF SM pathway]*(ReactionFlux2 - Reaction-
Flux3)

� d(recruitRIP)/dt = 1/[TNF SM pathway]*(-ReactionFlux3 + Reaction-
Flux46)

� d(RIP RAIDD)/dt = 1/[TNF SM pathway]*(ReactionFlux3 - Reaction-
Flux4)

� d([CASP 2])/dt = 1/[TNF SM pathway]*(-ReactionFlux4)

� d([actCASP 2])/dt = 1/[TNF SM pathway]*(ReactionFlux4 - Reaction-
Flux45)

� d([actCASP 8])/dt = 1/[TNF SM pathway]*(-ReactionFlux5 + Reaction-
Flux6 - ReactionFlux51)

� d([proCASP 8])/dt = 1/[TNF SM pathway]*(-ReactionFlux6)

� d(recruitFADD)/dt = 1/[TNF SM pathway]*(-ReactionFlux6 + Reaction-
Flux7 - ReactionFlux17)

� d(FADD)/dt = 1/[TNF SM pathway]*(-ReactionFlux7)

� d(TNFR TRADD)/dt = 1/[TNF SM pathway]*(-ReactionFlux7 + Reac-
tionFlux8 - ReactionFlux12 - ReactionFlux46)

� d(TRADD)/dt = 1/[TNF SM pathway]*(-ReactionFlux8)

� d(actNFkB)/dt = 1/[TNF SM pathway]*(ReactionFlux9 - ReactionFlux13)

� d(NFkB)/dt = 1/[TNF SM pathway]*(-ReactionFlux9)

� d(phIKK)/dt = 1/[TNF SM pathway]*(-ReactionFlux9 + ReactionFlux10)

� d(IKK)/dt = 1/[TNF SM pathway]*(-ReactionFlux10)

� d(actNIK)/dt = 1/[TNF SM pathway]*(-ReactionFlux10 + ReactionFlux11)
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� d(NIK)/dt = 1/[TNF SM pathway]*(-ReactionFlux11)

� d(TRADD TRAF2)/dt = 1/[TNF SM pathway]*(-ReactionFlux11 + Re-
actionFlux12)

� d(TRAF2)/dt = 1/[TNF SM pathway]*(-ReactionFlux12)

� d(cIAP2)/dt = 1/[TNF SM pathway]*(ReactionFlux13 - ReactionFlux51)

� d(FAN)/dt = 1/[TNF SM pathway]*(-ReactionFlux14)

� d(TNFR FAN)/dt = 1/[TNF SM pathway]*(ReactionFlux14 - Reaction-
Flux15)

� d(SMase)/dt = 1/[TNF SM pathway]*(-ReactionFlux15 - ReactionFlux17)

� d(actSMase)/dt = 1/[TNF SM pathway]*(ReactionFlux15 + Reaction-
Flux17 - ReactionFlux19)

� d(SM)/dt = 1/[TNF SM pathway]*(ReactionFlux18 - ReactionFlux20 -
ReactionFlux49)

� d(Ceramide)/dt = 1/[TNF SM pathway]*(-ReactionFlux16 - Reaction-
Flux18 + ReactionFlux20 - ReactionFlux21 - ReactionFlux25 - Reaction-
Flux27 + ReactionFlux33 + ReactionFlux49)

� d(CAPK)/dt = 1/[TNF SM pathway]*(-ReactionFlux16)

� d(actCAPK)/dt = 1/[TNF SM pathway]*(ReactionFlux16 - ReactionFlux50)

� d(PKC)/dt = 1/[TNF SM pathway]*(-ReactionFlux19)

� d([SMase(translocated)])/dt = 1/[TNF SM pathway]*(ReactionFlux19)

� d(actCAPP)/dt = 1/[TNF SM pathway]*(ReactionFlux21 - ReactionFlux38)

� d(CAPP)/dt = 1/[TNF SM pathway]*(-ReactionFlux21)

� d([actCASP 3and9])/dt = 1/[TNF SM pathway]*(ReactionFlux22 - Re-
actionFlux26)

� d([Cytochrome C])/dt = 1/[TNF SM pathway]*(-ReactionFlux22 + Re-
actionFlux23 - ReactionFlux40)

� d(actBID)/dt = 1/[TNF SM pathway]*(-ReactionFlux23 + ReactionFlux24)

� d(actCathepsinD)/dt = 1/[TNF SM pathway]*(-ReactionFlux24 + Reac-
tionFlux25 - ReactionFlux39)

� d(ProteaseCathepsinD)/dt = 1/[TNF SM pathway]*(-ReactionFlux25)

� d(BID)/dt = 1/[TNF SM pathway]*(-ReactionFlux24 - ReactionFlux39)
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� d(Mitochondria)/dt = 1/[TNF SM pathway]*(-ReactionFlux23)

� d([CASP 3and9])/dt = 1/[TNF SM pathway]*(-ReactionFlux22 - Reac-
tionFlux40)

� d(Gi)/dt = 1/[TNF SM pathway]*(-ReactionFlux30)

� d(S1PR)/dt = 1/[TNF SM pathway]*(-ReactionFlux29)

� d(Sphingosine)/dt = 1/[TNF SM pathway]*(ReactionFlux27 - Reaction-
Flux28 - ReactionFlux33)

� d(S1P)/dt = 1/[TNF SM pathway]*(ReactionFlux28 - ReactionFlux29)

� d(actS1PR)/dt = 1/[TNF SM pathway]*(ReactionFlux29 - ReactionFlux30)

� d(GiCoupledReceptor)/dt = 1/[TNF SM pathway]*(ReactionFlux30 - Re-
actionFlux31 - ReactionFlux34)

� d(RasGDP)/dt = 1/[TNF SM pathway]*(-ReactionFlux31 + Reaction-
Flux32)

� d(RasGTP)/dt = 1/[TNF SM pathway]*(ReactionFlux31 - ReactionFlux32
- ReactionFlux44)

� d(GAP)/dt = 1/[TNF SM pathway]*(-ReactionFlux32)

� d(PI3K)/dt = 1/[TNF SM pathway]*(-ReactionFlux34)

� d(actPI3K)/dt = 1/[TNF SM pathway]*(ReactionFlux34 - ReactionFlux35)

� d(PIP3)/dt = 1/[TNF SM pathway]*(ReactionFlux35 - ReactionFlux36)

� d(recruitAKT)/dt = 1/[TNF SM pathway]*(ReactionFlux36 - Reaction-
Flux37 - ReactionFlux38)

� d(actAKT)/dt = 1/[TNF SM pathway]*(ReactionFlux37 - ReactionFlux39
- ReactionFlux40 - ReactionFlux47)

� d(PIP2)/dt = 1/[TNF SM pathway]*(-ReactionFlux35)

� d(AKT)/dt = 1/[TNF SM pathway]*(-ReactionFlux36)

� d(PDK1)/dt = 1/[TNF SM pathway]*(-ReactionFlux37 - ReactionFlux38)

� d(ERK)/dt = 1/[TNF SM pathway]*(-ReactionFlux42)

� d(MEK)/dt = 1/[TNF SM pathway]*(-ReactionFlux43)

� d([Cell Survival])/dt = 1/[TNF SM pathway]*(ReactionFlux41 + Reac-
tionFlux47)

� d(actERK)/dt = 1/[TNF SM pathway]*(-ReactionFlux41 + Reaction-
Flux42 - ReactionFlux48)
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� d(actMEK)/dt = 1/[TNF SM pathway]*(-ReactionFlux42 + Reaction-
Flux43)

� d(actRAF)/dt = 1/[TNF SM pathway]*(-ReactionFlux43 + ReactionFlux44
+ ReactionFlux50)

� d(RAF)/dt = 1/[TNF SM pathway]*(-ReactionFlux44 - ReactionFlux50)

� d([Cell Death])/dt = 1/[TNF SM pathway]*(ReactionFlux5 + Reaction-
Flux26 + ReactionFlux45 + ReactionFlux48)

� d(RIP)/dt = 1/[TNF SM pathway]*(-ReactionFlux46)
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3 Mass Action Kinetic Values used as Kinetic
Parameters for Interactions of TNF-α-mediated
sphingomyelin signaling pathway model

Interaction Rate Kinetic Kinetic Value Interaction Rate Kinetic Kinetic Value
1.kf 0.1 29.kf 0.1
2.kf 0.1 30.kf 0.1
3.kf 0.1 31.kf 0.1
4.kf 0.1 32.kf 0.1
5.kf 0.1 33.kf 0.1
6.kf 0.1 34.kf 0.01
7.kf 0.01 35.kf 0.001
8.kf 0.1 36.kf 0.1
9.kf 0.1 37.kf 0.1
10.kf 0.1 38.kf 0.1
11.kf 0.1 39.kf 0.1
12.kf 0.1 40.kf 0.01
13.kf 0.1 41.kf 0.01
15.kf 0.1 42.kf 0.01
16.kf 0.1 43.kf 0.1
18.kf 0.1 44.kf 0.1
19.kf 0.1 45.kf 0.1
20.kf 0.01 46.kf 0.1
21.kf 0.1 47.kf 0.1
22.kf 0.1 49.kf 0.01
23.kf 0.1 50.kf 0.1
24.kf 0.1 51.kf 0.01
25.kf 0.1 17.kf 0.1
26.kf 0.1 14.kf 0.1
27.kf 0.1 48.kf 0.1
28.kf 0.1
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4 Values of Betweenness Centrality of the Enti-
ties of TNF-α-mediated sphingomyelin signal-
ing pathway model

S.No. Name Betweenness
Centrality

S.No. Name Betweenness
Centrality

1 Ceramide 0.07859649 40 RasGDP 0.00105263
2 actSMase 0.05140351 41 TNFR 0
3 GiCoupledReceptor 0.03122807 42 TNFalpha 0
4 actS1PR 0.03 43 RAIDD 0
5 Sphingosine 0.02982456 44 CASP2 0
6 recruitFADD 0.02921053 45 CellDeath 0
7 S1P 0.02807018 46 proCASP8 0
8 TNFR TRADD 0.02289474 47 FADD 0
9 actRAF 0.01833333 48 TRADD 0
10 actCathepsinD 0.01780702 49 NFkB 0
11 actPI3K 0.01754386 50 IKK 0
12 PIP3 0.01526316 51 NIK 0
13 actCAPK 0.01447368 52 TRAF2 0
14 actMEK 0.01412281 53 FAN 0
15 actBID 0.01254386 54 SMase 0
16 recruitAKT 0.0122807 55 CAPK 0
17 TNFR FAN 0.01070175 56 SMS 0
18 RasGTP 0.01070175 57 PKC 0
19 TNFR TNF 0.01017544 58 CAPP 0
20 CytochromeC 0.00991228 59 CASP3and9 0
21 actERK 0.00921053 60 Mitochondria 0
22 SM 0.00649123 61 BID 0
23 actAKT 0.00631579 62 ProteaseCathepsinD 0
24 SMase translocated 0.00526316 63 CDase 0
25 actNIK 0.00473684 64 SPHK 0
26 phIKK 0.00438596 65 S1PR 0
27 TRADD TRAF2 0.00438596 66 Gi 0
28 actNFkB 0.00333333 67 GAP 0
29 actCAPP 0.00333333 68 PI3K 0
30 RIP RAIDD 0.00254386 69 PIP2 0
31 actCASP8 0.00254386 70 AKT 0
32 actCASP3and9 0.00219298 71 PDK1 0
33 recruitRAIDD 0.00184211 72 CellSurvival 0
34 cIAP2 0.00140351 73 ERK 0
35 actCASP2 0.00131579 74 MEK 0
36 recruitRIP 0.00122807 75 RAF 0
37 BIDinhibition 0 76 RIP 0
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38 CASP3n9+cytoCinhibition 0 77 CASP8inhibition 0
39 AKTinhibition 0
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5 Values of Closeness Centrality of the Entities
of TNF-α-mediated sphingomyelin signaling
pathway model

S.NO. Name Closeness
Centrality

S.No. Name Closeness
Centrality

1 actCASP2 1 40 ProteaseCathepsinD 0.33333333
2 actCASP8 1 41 actPI3K 0.33333333
3 cIAP2 1 42 PIP2 0.33333333
4 actCAPP 1 43 Ceramide 0.31578947
5 actCASP3and9 1 44 GiCoupledReceptor 0.30434783
6 actAKT 1 45 CAPK 0.3
7 actERK 1 46 RasGDP 0.3
8 CytochromeC 0.75 47 Sphingosine 0.29126214
9 CASP3and9 0.75 48 TRAF2 0.28571429
10 RIP RAIDD 0.66666667 49 PI3K 0.27586207
11 CASP2 0.66666667 50 CDase 0.26548673
12 actNFkB 0.66666667 51 GAP 0.25925926
13 CAPP 0.66666667 52 SM 0.25
14 recruitAKT 0.625 53 actSMase 0.24793388
15 PDK1 0.625 54 actS1PR 0.24590164
16 proCASP8 0.6 55 Gi 0.24590164
17 actMEK 0.6 56 SMase translocated 0.24390244
18 ERK 0.6 57 recruitFADD 0.22
19 recruitRAIDD 0.5 58 S1P 0.20779221
20 recruitRIP 0.5 59 S1PR 0.20779221
21 phIKK 0.5 60 TNFR TRADD 0.20487805
22 NFkB 0.5 61 TNFR FAN 0.20394737
23 actBID 0.5 62 SMase 0.20394737
24 Mitochondria 0.5 63 SMS 0.2027027
25 actRAF 0.44444444 64 PKC 0.2012987
26 MEK 0.44444444 65 TNFR 0.19742489
27 actCathepsinD 0.42857143 66 FADD 0.18478261
28 BID 0.42857143 67 SPHK 0.18085106
29 PIP3 0.42857143 68 TNFR TNF 0.17813765
30 AKT 0.42857143 69 FAN 0.17391304
31 RAIDD 0.4 70 TRADD 0.1733871
32 actNIK 0.4 71 TNFalpha 0.15410959
33 IKK 0.4 72 CellDeath 0
34 RasGTP 0.4 73 CellSurvival 0
35 RIP 0.4 74 CASP8inhibition 0
36 actCAPK 0.35714286 75 BIDinhibition 0
37 RAF 0.35714286 76 CASP3n9+cytoCinhibition 0
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38 TRADD TRAF2 0.33333333 77 AKTinhibition 0
39 NIK 0.33333333
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6 Sensitivity Values of Entities of TNF-α-mediated
sphingomyelin signaling pathway model against
Interaction Parameters
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7 Sensitivity Values of Entities of TNF-α-mediated
sphingomyelin signaling pathway model against
other Entities
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