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1 States and Parameters

Following four tables containing descriptions of the model states, the parameters, and the model equations.

Except those related to GolgiplugTM effects on the NFxB signaling dynamics, the model is adopted from
Werner et al. (2008); Caldwell et al. (2014); Junkin et al. (2016). Starting from the initial conditions
provided in Table S1, the model is simulated until it reaches an equilibrium, where external stimulus

(LPS) is added to predict the signaling dynamics induced by the external stimulus.

Table S1: States and their initial concentrations

States Description Initial concentration (uM)
IxBo cytoplasmic IkBo 0
IxkBon nuclear [IkBo 0
NFkB-IkBa  cytoplasmic NFkB-IxkBa 0
NFxB-IkBan nuclear NFkB-1kBo 0
IxBoy IxBa transcript 0
IxkBp cytoplasmic IkBf3 0
IxkBfn nuclear IkBf 0
NFxB-IkBf  cytoplasmic NFxB-IkBf3 0
NFxB-IkBfn nuclear NFxB-IxBf3 0
IxBp; IxBp transcript 0
IxBe cytoplasmic IkBe 0
IxkBéen nuclear [kBe 0
NF«kB-IxkBe cytoplasmic NFxB-IxkBe 0
NFxB-IkBen nuclear NFkB-IxkBe 0
IxBg IxBe transcript 0
NFxB cytoplasmic NFxB 0
NFkBn nuclear NFxB 0.125
LPS extracellular LPS 0
LPSpm LPS bound to cellular membrane 0
LPS., internalized LPS 0
TLR4 TLR4 on cellular membrane 0
TLR4, internalized TLR4 0
LPS-TLR4 LPS-TLR4 complex on cellular membrane 0
LPS-TLR4,, internalized LPS-TLR4 complex 0
MyD88 inactive MyD88 0.1
MyD88* activated MyD88 0
TRIF inactive TRIF 0.1
TRIF* activated TRIF 0
TRAF6 inactive TRAF6 0.1
TRAF6* activated TRAF6 0
IKKK inactive IKKK 0.1
IKKK* activated IKKK 0
IKK inactive IKK 0.1
IKK* activated IKK 0
IKKi deactivated IKK 0
TNF0t5 TNFo nascent transcript 0
TNF oy TNFa transcript 0
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TNFa
TNF Oy
tnfr
TNFR
TNFRtnf
C1

Clog
Cltnf
Cltnfg
TTR
A20
A20,

intracellular TNFa
extracellular TNFor

TNFR monomer

TNFR trimer

TNFR trimer-TNFo complex
activated TNFR-TRAF-TRADD-RIP complex
inactive C1

activated C1-TNFo complex
inactive C1-TNFa complex
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Table S2: The nominal values of the model parameters

Parameter  Reaction Value Unit Ref.

k1 IxBoy synthesis rate 7x107° uM min~! Werner et al. (2008)
ky IxBJ, synthesis rate 1x1073 uM min~! Werner et al. (2008)
k3 IxBég; synthesis rate 1x107° uM min~! Werner et al. (2008)
ky IxBoy synthesis rate induced by NFkBn 8 min~! Werner et al. (2008)
ks 1B synthesis rate induced by NFxBn 0.02 min~! Werner et al. (2008)
ke IxBg; synthesis rate induced by NFxBn 0.3 min~! Werner et al. (2008)
ky Hill coefficient for IkBo; synthesis induced by NFxBn 3 - Werner et al. (2008)
ks Hill coefficient for IxBf; synthesis induced by NFxBn 3 - Werner et al. (2008)
ko Hill coefficient for IkBg; synthesis induced by NFxBn 3 - Werner et al. (2008)
k1o IxBoy degradation rate 0.035 min~! Werner et al. (2008)
ki1 1B, degradation rate 0.003 min~! Werner et al. (2008)
ki IxBég; degradation rate 0.004 min~! Werner et al. (2008)
ki3 IxkBa translation rate 0.25 min~! Werner et al. (2008)
kg IkBf translation rate 0.25 min~! Werner et al. (2008)
kis IxBe translation rate 0.25 min~! Werner et al. (2008)
kie Rate of IxBa import to nucleus 0.09 min~! Werner et al. (2008)
k17 Rate of IkBf3 import to nucleus 0.009 min~! Werner et al. (2008)
kg Rate of IxBée import to nucleus 0.045 min~! Werner et al. (2008)
k19 Rate of IxkBan export to cytoplasm 0.012 min~! Werner et al. (2008)
k2o Rate of IxBfin export to cytoplasm 0.012 min~! Werner et al. (2008)
ka1 Rate of IxBéen export to cytoplasm 0.012 min~! Werner et al. (2008)
koo Rate of NFxB-IkBa import to nucleus 0.276 min~! Werner et al. (2008)
ka3 Rate of NFxB-IkBf import to nucleus 0.0276 min~! Werner et al. (2008)
kog Rate of NFxB-IkBe import to nucleus 0.138 min~! Werner et al. (2008)
kas Rate of NFxB-IxkBon export to cytoplasm 0.828 min~! Werner et al. (2008)
ko Rate of NFxB-IxBfin export to cytoplasm 0.414 min~! Werner et al. (2008)
ka7 Rate of NFxB-IxkBéen export to cytoplasm 0.414 min~! Werner et al. (2008)
kog Rate of NFxB import to nucleus 54 min~! Werner et al. (2008)
kag Rate of NFxBn export to cytoplasm 0.0048 min~! Werner et al. (2008)
k30 Rate of IkBa degradation in cytoplasm 0.12 min~! Werner et al. (2008)
k31 Rate of IkBf3 degradation in cytoplasm 0.18 min~! Werner et al. (2008)
k3 Rate of IxBe degradation in cytoplasm 0.18 min~! Werner et al. (2008)
k33 Rate of IxkBan degradation in nucleus 0.12 min~! Werner et al. (2008)
k34 Rate of IkBfn degradation in nucleus 0.18 min~! Werner et al. (2008)
k3s Rate of IxBén degradation in nucleus 0.18 min~! Werner et al. (2008)
k36 Rate of IkBar degradation in NFxB-IkBa 6x107° min~! Werner et al. (2008)
k37 Rate of IxBf3 degradation in NFxB-1xBf3 6x1073 min~! Werner et al. (2008)
k3g Rate of IxkBée degradation in NFxB-IxkBe 6x107° min~! Werner et al. (2008)
k39 Rate of IkBar degradation in NFxB-IkBan 6x1073 min~! ‘Werner et al. (2008)
kqp Rate of IkBf} degradation in NFkB-IkBfin 6x1073 min~! Werner et al. (2008)
ka1 Rate of IxkBe degradation in NFxB-IxkBen 6x107° min~! Werner et al. (2008)
kap Rate of NFxB-IkBa association in cytoplasm 30 uM ! min~! Werner et al. (2008)
k43 Rate of NFkBIkBf association in cytoplasm 30 uM~'min~!  Werner et al. (2008)
kaa Rate of NFxB-IkBe association in cytoplasm 30 uM ! min—! Werner et al. (2008)
ks Rate of NFxB-IxkBan association in nucleus 30 uM~"min~!  Werner et al. (2008)
kae Rate of NFxB-IkBf3n association in nucleus 30 umM “Imin~!  Werner ez al. (2008)
ka7 Rate of NFxB-IxBéen association in nucleus 30 uM~"min~'  Werner et al. (2008)
kag Rate of NFxB-IkBa dissociation in cytoplasm 6x107° min~! Werner et al. (2008)
ka9 Rate of NFxkB-IkBf dissociation in cytoplasm 6x1073 min~! Werner et al. (2008)
kso Rate of NFxB-IxBe dissociation in cytoplasm 6x107° min~! Werner et al. (2008)
ks Rate of NFxkB-IxkBon dissociation in nucleus 6x107° min~! Werner et al. (2008)
ksn Rate of NFxB-IxBfn dissociation in nucleus 6x107° min~! Werner et al. (2008)
ks3 Rate of NFxB-IxBén dissociation in nucleus 6x107° min~! Werner et al. (2008)
ksq Rate of IkBa degradation induced by IKK* 0.36 uM=! min~!  Werner et al. (2008)
kss Rate of IkBf3 degradation induced by IKK* 0.12 UM~ 'min~! Werner et al. (2008)
kse Rate of IxBe degradation induced by IKK* 0.18 uM “I'min~"  Werner ez al. (2008)
ks7 Rate of IKK*-induced IxBa degradation in NFxB-IkB o 0.36 uM~"min~!  Werner et al. (2008)
ksg Rate of IKK*-induced IxkBf degradation in NFxB-1xBf3 0.12 uM~"min~!  Werner et al. (2008)
kso Rate of IKK*-induced IxBe degradation in NFkB-IkBe 0.18 uM~"min~!  Werner et al. (2008)
keo Constitutive A20 transcription rate 2x107° UM min~! Werner et al. (2008)
ke1 Rate of A20 transcription induced by NFxBn 0.4 min~! Werner et al. (2008)
ken Hill coefficient for A20 transcription induced by NFxBn 3 - Werner et al. (2008)
ke3 A20; degradation rate 0.035 min~! Werner et al. (2008)
kea A20 translation rate 0.25 min~! Werner et al. (2008)
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A20 degradation rate
Shutdown time for NFxBn-induced A20 transcription

Rate of LPS binding to cellular membrane

LPS;, internalization rate

Rate of LPSe,, export to cellular membrane
Degradation rate of internalized LPSe,

LPS-TLR4 association rate on cellular membrane
LPS-TLR4 dissociation rate on cellular memebrane
LPS-TLR4., association rate in endosome
LPS-TLR4., dissociation rate in endosome

Constitutive TLR4 synthesis rate on cellular membarane

Rate of TLR4 degradation on cellular membrane
Rate of TLR4., degradation in endosome

TLR4 internalization rate

Rate of TLR4., export to cellular membrane
LPS-TLR4 internalization rate

Rate of LPS-TLR4, export to cellular membrane
LPS-TLR4 degradation rate on cellular membrane
LPS-TLR4,, degradation rate

MyD88 activation rate

Hill coefficient for MyD88 activation

EC50 term in MyD88 activation

MyD88* inactivation rate

TRIF activation rate

TRIF* inactivation rate

MyD88*-induced TRAF6 activation rate
TRIF*-induced TRAF®6 activation rate

TRAF6* inactivation rate

TRAF6*-induced IKKK activation rate
Constitutive IKKK activation rate

Constitutive IKKK* inactivation rate
IKKK*-induced IKK activation rate

Constitutive IKK activation rate

Constitutive IKK* inactivation rate (IKK* —IKK)
Constitutive IKK inactivation rate IKK —IKK;)
Constitutive IKKi normalization rate (IKKi —IKK)

TNF 0,y degradation rate

tnfr synthesis rate

tnfr degradation rate

TNFR formation rate

Rate of TNFR converting to tnfr

TNFR degradation rate

Rate of Cl1 ¢ formation

Rate of Clyg dissociation

Cl ¢ activation rate

C1 inactivation rate

A20-mediated C1 inactivation rate

C1 dissociation

Rate of Cl g internalization

Rate of C1 internalization

Rate of TNFRtnf formation from tnfr

Rate of TNFRtnf formation from TNFR

Rate of TNFRtnf dissociation

Rate of TNFRtnf degradation

Rate of Cltnf,g formation from TNFRtnf and TTR
Rate of Cltnf dissociation into TNFRtnf and TTR
Cltnf,g activation rate

Cltnf inactivation rate

A20-mediated Cltnf inactivation rate

Rate of Cltnf dissociation into TNFRtnf and TTR
Cltnf,g degradation rate

Cltnf degradation rate

Rate of Cltnfyg dissociation into Cl g and TNF Oext
Rate of Cltnfg formation from Clog and TNF text

0.0029
120

0.1698
0.178
0.261
13.4
0.19
2.7
0.19
2.7
0.0256
0.89
2.93
0.134
3.6
0.24
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0.012
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0.343
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Werner et al. (2008)
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Caldwell et al. (2014)
Caldwell et al. (2014)
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Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
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Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)

Caldwell et al. (2014); Lin et al. (2010)

Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
Caldwell et al. (2014)
Werner et al. (2008)
Werner et al. (2008)
Werner et al. (2008)
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Rate of Cltnf dissociation into C1 and TNFotex¢
Rate of Cltnf formation from C1 and TNF ex¢
Cl-mediated IKKK activation rate
Cltnf-mediated IKKK activation rate

Rate of NFxBn-induced TNF¢ transcription

Hill coefficient for NFxkBn-induced TNFo transcription
ECS50 constant for NFxBn-induced TNFo transcription
Rate of TNFot,,s degradation

Rate of TNFoy maturation

Rate of TNFo translation

Rate of TNFa degradation

Rate of TNFo secretion

K0 term for TRIF*-induced TNFo promotion

K, term for TRIF*-induced TNFa promotion

K; term for TRIF*-induced TNFa promotion

Volume ratio factor between a cell and culture medium
GolgiplugTM activation time (7)

Rate of A20-induced TRAF6* inactivation

Coefficient for GolgiplugTM -induced translation inhibition

. L T™ s
Denominator constant for Golgiplug ~ translation inhibition

Constant for TRIF*-induced TNF translation promotion
Constant for TRIF*-induced TNF translation promotion
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tnfr synthesis rate altered by GolgiplugTM
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Caldwell et al. (2014)
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2 Equations when GolgiplugTM is not added

dIkBo

dt
dIxkBan

dt
dNFkB-IxBo

dt

dNFxB-IxBan

dt
dIkBoy

dt
dIkBf
dt
dIxBfn
dt
dNFxB-IxBf
dt

dNFxB-IxBfBn
dt

dIxBp;

dt
dIkBe

dt
dIkBen

dt
dNFxB-IxBe

dt

dNF kB-IxBen
dt

dIKBg

dt
dNFxB

dt

dNFKkBn
dt

= kizslkBo; — kiglkBa + kigl kBon — kzgl kBt — kyyNF kB - IKkBo + kygNF kB-I kB,

=kiglkBa — kiglkBon — kyzIkBon — kysNFxBn - IkBon + ks NF kB-IkBon

= —kyyNFKkB-IkBo + kysNF kB-IkBon — kzgNF kBIk-Ba, + kypNFxB - IKBQ
— kagNFxB-IxBo, + kssNFxB-IkBo - IKK*

= kppy NFxB-IkBo — kosNF kB-IkBon — k3gNF kBlIk-Ban + kyoyNFxB - IkBot — ks NF xB-IkBon

= ki + kaNF kBn* — kioIkBoy

= ki4IxBp; — k17IKBf3 + kool kBfn — k31 I1kBB — kysNF kB - IxBf + kqoNF kB-IkBf3

= k17[KBﬁ —kzoIK'Bﬁn —k34IKBﬁn—k46NFKBn -IKBﬁn—‘rkszNFK'B-IK'Bﬁn

= —kosNFxB-IkBf + kpysNF kB-IxBf3n — k3;NFxBIk-Bf + k43sNF kB - IxBf
— kagNFxB-IkBf} + kssNFxB-IkBf - IKK*

= — kosNFKB-IkBp + kogNF kB-IxBBn — k3;NFkBIk-BB + kssNFkB - [kBf
— ksoNFKB-IkBp + kssNFkB-IxBp - IKK*

= ko + ksNF kBn*s — ky IxBp;

= kisIkBg — kigIkBe + ky1IkBen — k3pIKBE — kyaNF kB - IKB€ + ksoNF kB-IkB¢e

= k1gIKkB€e — ko IKBen — kysIkBen — kyyNF xBn - IKBen + ks3sNF Kk B-IkBen

= —kyyNFkB-IkB€ + ky;NF kB-IkBen — ksgNF kBl k-B€ + kqasNF kB - IKB€E
— ksoNF kB-IkB€ + ksoNF kB-IxBe - IKK*

= kouNFKkB-IkB€ — kpyNF kB-IkBen — kg NF xBIk-Ben + kyaNF KB - IKB€E
— kssNFkB-IkBéen

= k3 + k¢NF KBn* — koI xBg;

= —kogNF KB+ kogNF xBn+ k3gNF xkB-IxBo + k37 NF kB-IkBJ3
+ ksgNFxB-IxBe — kyoNFxB - IkBo, — kysNF kB - IKBf — ky4NF kB - IKBe
+ k4gNF kB-IxBat + kgoNF kB-IxBf + ksoNF kB-IkBe
+ks;NFxB-IxkBo, - IKK* + kssNFxB-IkBf3 - IKK* + ksoNF kB-IxBe - IKK*

= kpgNF KB — kogNF kBn + kagNF kB-IkBon + kagNF kB-IkBfBn
+ kg NFxB-IxBen — kysNFxB - IkBon — kygNFxBn - IKBfn
—k47NFKB-IKB€ + ks)NF kB-IkBon + ksyNF kB-IkBfn + ks3NF k B-IKkBen
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dLPS

dt
dLPSpm

dt
dLPS.,

dt
dTLR4

dt
dTLR4

dt
dLPS-TLR4

dt
dLPS-TLR4,,

dt
dMyD838
dt

dMyD38*

= —i|LPS

= i|LPS — isLPSpm, + i3LPSey — isLPSpm - TLR4 + igLPS-TLR4

= iyLPSpm — i3LPSen — igLPSen — i7LPSen - TLR4ep + isLPS-TLR4 ey

— —isLPSpm - TLR4 + icLPS-TLR4 + ig — ijoTLR4 — i\2TLR4 + i13T LR4en

= —i7LPSey - TLRAey + isLPS-T LR4cy — i1y TLR4en + i1oTLR4 — iy3T LR4cy,

= isLPSpm - TLR4 — igLPS-TLR4 — iy4LPS-TLR4 -+ iy sLPS-T LR4cy, — i1 LPS-T LR4

= igLPSen - TLR4cq, — igLPS-T LR4cy, + i14LPS-T LR4 — iy5LPS-T LR4y, — i17LPS-T LR4.,
LPS-T LR4"
 LPS-TLRA 1
LPS-TLR4

MyD88 + i MyD88*

MyD88 — i MyD88*

dt

dTRIF

dt
dTRIF*
dt
dTRAF6
dt
dTRAF6*
dt
dIKKK
dt
dIKKK*
dt
dIKK
dt
dIKK*
dt
dIKKi

dt
ATNF Oy

18 i K
LPS-TLRA9 + iy

= —ipLPS-TLR4,TRIF + i3 TRIF*

= i, LPS-TLR4c, TRIF — i3 TRIF*

= —(is4MyD88" + ins TRIF*)TRAF6 + ing TRAF6* 4+ v14A20 - TRAF 6*

= (i24MyD88* + i»sTRIF*)TRAF6 + i3sTRAF6" — v(4A20 - TRAF6*

= —ip;TRAF* - IKKK — irsIKKK + inglKKK* — a3 IKKK - C1 — aIKKK - Cltnf
= iy;TRAF* - IKKK + insIKKK — ingIKKK* + az1 IKKK - C1 + ioIKKK - Cltnf

= —i30lKKK* - IKK — i3 ) IKK + isn] KK* — i331KK + i34 KKi

= i3o]KKK* - IKK + i3 IKK — i3p][KK*

=i33lKK — i34IKKi
B NFxBn"?

dt
dTNF o4

dtnfr
dt

~INFiBrr 2 Ja ' TNF O

:v5'faTNFanas*V4'fi~TNF(xt
=ve-fu- TNFoy—viTNFa—vgf, TNFo

= —a|TNF Oyt — aistnfr-TNF Oext —a16TNFR-TNF Qext +a17TNFRinf
+ V8 faTNF &t + ay7Cltnfoss — argClofr - TNF Oext + a29Clinf — azoC1 - TNF Oext

=ay —aztnfr—3astnfr+3asTNFR —3astnfr-TNF Oext
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dTNFR
dt

dTNFRinf
dt

dCl1

dt
dCl g

dt

dClnf
dt
dCltnfOff
dt
dTTR

dt
dA20

dt
dA20;
dt

=astnfr—asTNFR —asTNFR —a;TNFR-TTR+ agCl g+ a2C1
—a16TNFR-TNF Oexi +a17TNFRinf

=ai5stnfr-TNF Qext +a16TNFR-TNF Qext —a17TNFRitnf —aj9TNFRtnf -TTR
4+ aroCltnfoss + arCltnf

= agClog — (a0 +a11A20+a14)C1 + arClinf — azpC1l - TNF Ot

=a7;TNFR-TTR — agClygr — agClog+ (aio + a11420)C1 — a12Clog + ai3C 1o
+ay7Clinfotf — argClofr - TNF Oty

= ap1Clinfoss — apCltnf — axpA20-Clinf — apCltnf — arCltnf — arCltnf — azoCltn fos

B a9TNFRtnf - TTR — axoCltnfoss — a1 Cltnfoss + annCltnf 4+ ap3A20 - —apsClin fog
 —ayCltnfo + asgClyfr - TNF e Clinf

= —a7TTR-TNFR+ agCly —a;nCl —a9TNFRinf - TTR+ ax)oClinfoss + apsCltnf
= kgaA20; — kg5A20

=keo + k| NF K'Bl’lk62 —ke3A20, ift <kgs Or, kgo—kezA20;, ift > keg

(S41)
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3 Modified equations when GolgiplugTM is added

|
>

dIkBa | Vis
dt 13 G+vie

)IKBO(, —kigIkBa +kiglkBan — kzolkBo — kyyNF kB - IkBo + kagNF kB-IkBo: ~ (S50)

(S52)

(S53)
(S54)
(S55)
(S56)
(S57)
(S58)

(S59)

(S60)

dIkB
dr B = k14 <l — Gils )IKBﬁl — kn[K'Bﬁ —|—k2()IK'BBn — k31[KBﬁ — k43NFK‘B -IK'BIB —|—k49NFKB-IKBB (SSI)
V16
dIkBe Vis
7 =kis| 1— o IxBg — kigIkBe + ky1IKkBen — k3 I KBE — kyaNF kB - IKB€ + ksoNF kB-IkB¢e
V16
dLPSpm . . . .
— = i1LPS — ke, mLPSpm + i3LPSen — isLPSpm - TLR4 + i LPS-T LR4
dLPS,, . . . .
7 = ken,ps mLPSpm — i3LPSen — i4LPSen — i7LPSep - T LR4 ey + ig LPS-T LR4e,,
dTLR4 . . . . .
T = —isLPSpym - TLR4 +igLPS-TLRA + kg, ;n — 10T LR4 — i1oTLR4 + 13T LR4y
dLPS-TLR4
B — = isLPSpm - TLR4 — igLPS-TLR4 — kep,, jnLPS-T LR4 + iysLPS-T LR4¢n — i16LPS-TLR4
dLPS-TLR4
B — = igLPSen - TLRAen — igLPS-T LRAen + kep,, iy LPS-TLR4 — i15LPS-T LR4 ey — i17LPS-T LR4¢,,
dTNF o
7 =V fa  TNFo —viTNF O — ksee - faTNF O
dTNF
Te’“ = —a1TNF Oexy — aistnfr-TNF Oexy — a16 TNFR - TNF Oyt +a17TNFRtnf + kgee n fa TNF 00
4+ ar7Cltnfoss — azgClogr - TNF Oext + aogClinf — azoC1 - TNF Olext
dt
thr =k, om — astnfr —3astnfr+3asTNFR —3a;stnfr-TNF Ogx

*Parameters in red are the ones affected by GolgiplugTM
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Figure S1: Representative histograms of TNFa production. RAW 264.7 cells were stimulated with differ-
ent concentrations of LPS along with GolgiplugTM, and the production of TNFa were analyzed by flow
cytometry.
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Figure S2: Representative histograms of IkBa. RAW 264.7 cells were stimulated with different con-

centrations of LPS along with GolgiplugTM, and the intracellular IkBo levels were analyzed by flow
cytometry.
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Figure S3: Representative histograms of IkBa. RAW 264.7 cells were stimulated with different concen-

trations of LPS without the addition of GolgiplugTM, and the intracellular IkBa levels were analyzed by
flow cytometry.
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