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Model equations:

Equation for cytosolic glutamate (cglut)

d ([eglut] - Veen)

i = bglut - kmbglut — kglutin - [cglut]

(0.67994 + [bmet]) - (20. + Pazal) (20. + [bmet]) - (18.5433 + [Pazal) keqGCL - [ccys] - [cglut]

14.2722 - [bmet] - [para] met] - 20. - [para] ,
(1 4 1000 + [bmet] (1+ 1000 ) ) - vGCLA1 - [CCyS] . (1 - logle] ) : [CgIUt]

AB [ceys] BSO [egle] [cglut] [cGSH] [gluAB]
kGClLecys - kGCLcglut - (1 + tacras T kGécIi/:cys) : (1 + %S0 T FGChegc T FaChest T iaGor T kG%EgluAB)

+ = [leto ] +2.4 - KprotDeg y37) - [prot] —2.4 - KprotAA () - [ccys] - [met]
kopoxo - (1 + kﬂcfclgﬁit + kz[)(;;(:)]m)
14.2722  [bmet] - [para] [bmet] - (1 + 20fEsral ) !
[bme 1000 . . . T Tema T Teolntl )
( u (0.67994 + [bmet]) - (20. + Bazal) * (20. + [bmet]) - (18.5433 + axal) AB - vGCLEL (1 kquCL-[Cglut]> [oghut]

B AB [ccys] BSO [cglc] [cglut] [cGSH] [gluAB]
kGCLAB - kGCLcglut - (1 + iGoras T kgécﬁ’scys) : (1 + ©BS6 T TGCTege T FGoLegmi T kiGer T ngcEgluAB)

Equation for venous blood cysteine (bcys)

[beys]
d ([beys] - Veen) VAP - (1 - kquP?S[]cysgly]) - [cysely]

T +2 - vbGSSGexp - [bGSSG]

= —0.49 - keysin - [beys] — keeysin - [ceys] +

kPeysgly - (1+ it + elbeidly)

Equation for liver cytosol cysteine (ccys)

[ceys]
VmCtgl ’ (1 - kcglccys»keqctggcl) ’ [Cyt}

d ([ccys] - Veen)

gr = keysin - [beys] — keeysin - [ceys] +

[ccys] [eyt]
kmctgleyt - (1 + kcfjiiys + kmcctyglcyt)
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[cglc]

. - [bm . ra 20. - [para
n 14.2722 [fa(r)gt] [pa ][ I [bmet] - (1 + 10[50 ])
(0.67994 + [bmet]) - (20. + 22al)

1000

(20. + [bmet]) - (18.5433 + Wm])) - VGCLAL - [ceys] - (1 - k8chL~[CCyS]‘[cglut]) - [cglut]

[gluAB]

AB [ceys] BSO [cglc] [cglut] [cGSH]
kGCLccys - kGCLcglut - (1 + wGoLas T kGCCCI}:scys) ’ (1 + wBso + kGEJgLZglc + kGéngéglut + IfiGCL

VGCTA - [egld] - (1 - 7@%[‘;;?&?’{;’;14)

4,

[ccys] [cglc] [oxo0] [ccys] - [oxo]
kchthlc ’ (1 + kegetecys + kegetegle + kGCTAoxo + kcgctccys~kGCTAOxo)

+0.92 - Veen - KprotDegy37) - [prot] — 0.92 - KprotAA 7 - [ccys] - [met]

Equation for liver cytosol ophthalmic acid (OPA)

d([OPA] - Veen) B . fQliv - Qcard - [OPA] - 2.13
dt B cell Kopliv - fVliv - Vtot

vGSfl - [cgly] - [gluAB] - (1 - kquS2~[[(c)gPl§]]~[gluAB])

4,

+ kGCLgluAB )

N fQliv - Qcard - [opArt]
fVart - Vtot

Equation for venous blood ophthalmic acid (hOPA)

Q(BOPA] - Vear) oy
at . cell

fQliv - Qcard - [OPA] - 2.13
Kopliv - fVliv - Vtot

~ fQven - Qcard - [bOPA]  fQtiss - Qcard - [opTiss] n fQkid - Qcard - [opKid]

[cgly] [gluAB] [cglc] [cGSH] [OPA]
kGScgle - kGScgly - (1 + kGSc}g,;ly + ngSgluAB) : (1 + ngcglc t KGscagsa T kKGSOPA

fVven - Vtot fVtiss - Vtot - Koptiss fVkid - Vtot - Kopkid

)
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Equation for liver cytosol acetaminophen glutathione adduct (ASG)

d ([ASG] - Veen)

= = —keysASG - (— [bASG] + [ASG])

[para] - VmP450E1 - [¢GSH]

kP450E1cGSH - kP450E1para - (1 + kP4E’)IZ)aEr?]para + kP4Er)[?)%(1}/]xsc + kP4[500GI}ESII;I(]}SH)

[para] - VmP450A2 - [cGSH]

+

ara ASG cGSH
kP450A2¢GSH - kP450A2para - (1 + kP4[5%A2]para + kP4[50A21§SG + kP4[50A2c]GSH)

Equation for liver cytosol 5-oxoproline (oxo)

[ccys] - [oxo]
d(foxo] - Vear) _ VGCTA - egld] - (1 - gofel)
dt o [ceys] [cglc] [oxo0] [ccys] - [oxo]
kCgCthlc ' (1 + kCgCtyCCyS + kcgcgtcglc + kGCTAoxo + kcgctCC}Zs-kGCTono)
vop - [oxo]
. [cglut] [oxo]
kOpOXO L+ kopcglut + kopoxo
VGOTA - [cgliAA] - (1~ gt )

+

kGCTAcgluAA - (1 + kcg%kgﬁjAA + kG[CC)¥Z]0x0)

v (leiv - Qcard - [oxo] - 2.14) fQliv - Qcard - [oxArt]
— Veell *

Koxliv - fVIiv - Vtot fVart - Vtot
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Equation for venous blood 5-oxoproline (boxo)

d([boxo] - Veen) 914 .V fQliv - Qcard - [oxo] - 2.14
dt I cell Koxliv - fVliv - Vtot
~ fQven - Qcard - [boxo]  fQtiss - Qcard - [oxTiss] fQkid - Qcard - [oxKid]
fVven - Vtot fVtiss - Vtot - Koxtiss fVkid - Vtot - Koxkid
Equation for liver cytosol methionine (met)
d([met] - Veen) BET - Vmbhmt - [hey]
dt ~ (BET + Kmbhmtbet) - (Kmbhmthcy + [hey])

n (c5mTHFSUM — ¢cCH2THF — ¢THF) - (H202ss + kiMSH202) - vimMS - [hcy]
(H202 + KiMSH202) - kmMShey - (1 + SmTHFSUM SeCUZTIR —eTIE ) . onMSmTHA - (1 + 3 )

+ Veenr - (KprotDeg(v37) : [prot]) + [bmet] - kmetin — kmetincmethionine - [met] — KprotAA 7y - [ccys| - [met]

(66.71 + kiMATIGSSG) - vimMATI - [met]

kmMATimet - (KMATIGSSG + [cGSSG)) - (1 + it + mrsberr)

. . 0sSAM - [SAM]?
(66.71 + kiMATiiiGSSG) - vmMATiii - [met]"*" - (1 + kmll\(/[pATiiiShil\/E+[l\S/[]AM]2)

(KMATHHGSSG + [cGSSG]) - (kmMATiiimet + [met]"*!)
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Equation for liver cytosol glycine (cgly)

d ([egly] - Veen) _ Vmmet - [cgly] - [SAM]
dt (kmGNMTegly + [egly]) - (1 + mdatroan ) - (KmGNMTSAM + [SAM])
vGSI1 - [cglc] - [cely] - (1 — kquSI[?([ngi]]_[cgly])

N cgl luAB cgle cGSH OPA
kGScgle - kGScgly - (1 + k([;éc}gly + k([}gSgluA]B) ) (1 + kC[}gcg]IC + kC[}ScGS]H + k([}SOPJA)

vGSFL - [cgly] - [gluAB] - (1 - kquS2~[[?g§§]]<[gluAB])

N [cgly] [gluAB] [cglc] [cCSH] [OPA]
kGScgle - kGScgly - (1 + ngc}ély + ngSquAB) ’ (1 + ngcglc + %Gseasa T kGSOPA)

+bgly - kglyin — kegly - [cgly]

Equation for liver cytosol S-adenosylmethionine (SAM)

d(SAM] - Veen) Vmmeth - [SAM]
dt KimmethSAM - (1 + B4 ) + [SAM]

Vmmet - [cgly] - [SAM]
(kmGNMTecgly + [cgly]) - (1 + km[&) - (kmGNMTSAM + [SAM])

GNMTSAH

(66.71 + KiMATIGSSG) - vimMAT] - [met]

kmMATimet - (KMATIGSSG + [cGSSG)) - (1 + i + mrbakerr)

+

: . 0sSAM - [SAM]?
(66.71 + kiMATIiiiGSSG) - vmmMATiii - [met]'*" - (1 + kmllx{/[pATiiisl\gl\/Lr[l\SA/]&M]?)

+
(KMAT§HGSSG + [cGSSG]) - (kmMATitimet + [met]"*")
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Equation for liver cytosol S-adenosylhomocysteine (SAH)

d([SAH] - Veen) Vmmeth - [SAM] . Vmmet - [cgly] - [SAM]
dt KmmethSAM - (1 + P54 [SAM] - (kmGNMTegly + [egly]) - (1 + gmoartsan ) - (kmGNMTSAM <+ [SAM))
Vmfah - (1 - gl ) - [SAH]
h SAH
KmahSAH - (1 + Kn[lacﬁll]lcy + KILahSJXH)
Equation for liver cytosol homocysteine (hcy)
Vmfah - (1 — 0¥ ) . [SAH]
d([hcy} . chen) . kegmet - [SAH] _ BET - Vmbhmt - [hCy]
dt KmahSAH - (1 n KrLl;cg}]le n KTLSaﬁgI[]XH) (BET + Kmbhmtbet) - (Kmbhmthcy + [hey])

(¢bmTHFSUM — cCH2THF — c¢THF) - (H202ss + kiMSH202) - vimMS - [hcy]
(H202 + kiMSH202) - kmMShey - (1 + <omTHESUM ZcCHITHE — cTHE) . oy \[SmTHY - (1 + ey )

kmMSmTH4 kmMShcy
1.0016 - cser - (H202 + kaH202) - Vicbs - (1 - %) - [hey] - ([SAH] + [SAM])®
(H2O2SS + kaHQOQ) . Kl’IleShCy - Kmcbsserine - (1 + chi)ssesrerine + km[zf)z]cyt + KHEICIEZLcy + chbs}fszr-.l[(}:l}c]{)sserine)

Equation for liver cytosol cystathionine (cyt)

. . [eyt] 2
a(feyt] - Vear) 1.0016 - cser - (H202 + kaH202) - Vincbs - (1 _ 7keqcbs,gmcbscyt) - [hey] - ([SAH] + [SAM])
d (HQOQSS + kaH2O2) ’ KmeShCy - Kmcbsserine - (1 + chfsesl;arine + km[(c:gz]cyt + KHE}Cll?s]}hcy + chbslfzflr-'lgrl‘zg)sserine)

[ceys]
VmCtgl ’ (1 - kcglccys-keqctggcl) ’ [Cyt]

[ceys] [eyt]
kmctgleyt - (1 + kc‘;‘fiiys + km;yglcyt)
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Equation for liver cytosol glutamyl-cysteine (cglc)

14.2722 - [bmet] - [para] [bmet] - (1 4 20 [para]) [cgle]
1000 1000 . . . _ glc
d ([cglc] - Veen) ( + (0.67994 + [bmet]) - (20. 4 L2zl + (20. + [bmet]) - (18.5433 + Baxal) VGCLAL - [ceys] (1 keqGCL - [ccys] - [cglut]
dt o . AB [ccys] BSO [cglc] [cglut] [cGSH]
kGCLccys - kGCLcglut - (1 + tccras T kGCLccys) ’ (1 t wBso 1 kachegic T kGCheeimt T Tcor t &

vGSfl - [cgle] - [cgly] - (1 — kqusffc[ngi]}'[cgly])

n [cgly] [gluAB] [cgld] [cGSH] [OPA]
kGScgle - kGScgly - (1 + TGSy T kG‘{gSgluAB) : (1 + TGSegle T Fascasm T kGSOPA)

[ccys] - [oxo]
VGOTA - [egld] - (1 — lsahloes)

[ccys] [cglc] [oxo] [ccys] - [oxo]
kCgCthlC ’ (1 + kegceteeys + kegctegle + kGCTAoxo + kcgctccys~kGCTono)

Equation for liver cytosol glutathione (¢cGSH)

[cGSH]
d([CGSH] . chell) . vGSIl - [CglC] ’ [Cgly] ’ (1 B kquSlC-[cglc]~[cgly]>
dt B cgl luAB cgle cGSH OPA
kGScgle - kGScgly - (1 + kégcgly + kégSgluA]B) ' (1 + kC[}gcg]lc + risegen + k([;SOP]A)

H202 - vinGPX - [cGSH]?
(H202 + 9 - kmGPXH202) - (kmGPXgsh + [cGSH])
c¢NADPH - vmgr - [cGSSG]

NADPH [cGSSG] NADPH - [cGSSG]
kmgrGSSG - kmgrNADPH - (1 + TmgNADPH T FngrGSSG T kmngSSG~krrTngADPH)

+2 -

~_vmgshoutl - [cGSH]? ~ vmgshouth - [cGSH]
kmgshoutl® + [¢cGSH]?  kmgshouth + [cGSH]
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[para] - VmP450E1 - [¢GSH]

N [para) [ASG] [cGSH]
kP450E1cGSH - kP450E1para - (1 + tPasoripars T pasoniASe Tt kP450E1cGSH>

[para] - VmP450A2 - [cGSH]

N ara ASG cGSH
kP450A2¢GSH - kP450A2para - (1 + kP4[5%A2]para + kP4£)oA2,]ASG + kP4[50A2c]GSH)

el ([CGSH] . kcGSHused(v4O))

Equation for liver cytosol glutathionedisulfide (¢cGSSG)

d([cGSSC] - Veen) H202 - vmGPX - [cGSH]?

dt (H202 + 9 - kmGPXH202) - (kmGPXgsh + [cGSH])?
c¢cNADPH - vmgr - [cGSSG]

a NADPH [cGSSC] cNADPH - [cGSSG]
kmgrGSSG - kmgrNADPH - (1 + KmgNADPH T TmgrGssa T kmngSSG-kmngADPH)

(H202 + kaGSSGI) - vimGSSGl - [cGSSC]
(H202ss + kaGSSGI) - (kmGSSGI + [cGSSG])

(H202 + kaGSSGh) - vmGSSGh - [cGSSC]
(H202ss + kaGSSGh) - (kmGSSGh + [cGSSG])

Equation for venous blood glutathionedisulfide (bGSSG)

d ([bGSSG] - Veen) (H202 + kaGSSGI) - vmGSSGl - [cGSSG] (H202 + kaGSSGh) - vimGSSGh - [cGSSC]

= 049 - +0.49 -

dt (H202ss + kaGSSGI) - (kmGSSGI + [cGSSG]) (H202ss + kaGSSGh) - (kmGSSGh + [cGSSG])

—vbGSSGexp - [bGSSG|
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Equation for venous blood glutathione (hGSH)

d([bGSH] - Veen) 0.49 vmgshoutl - [cGSH]?
di . kmgshoutl® + [cGSH]®

vmgshouth - [cGSH]
kmgshouth + [cGSH]

+0.49

[bgluAA] - [cysgly]
VGGT - [bGSH] - (1 — [eledal-lmend

. [bgluAA] [bGSH] [cysgly] [bgluAA] - [cysgly]
kGGTbGSH (1 + kGGTbgluAA + kGGTbGSH + kGGTcysgly + kGGTbgluAA - kGGTcysgly

Equation for liver cytosol glutamyl aminobutyrate (gluAB)

e T [bmet] - (1+ 20-7g52]) AB - vGCLfL - (1 — e lut
d ([gluAB] - Veen) + (0.67994 + [bmet]) - (20. 4 Bazal) + (20. + [bmet]) - (18.5433 4 Zaral) | v ’ ( - kquCL-[cglut]) -+ [cglut]
dt o AB [ceys] BSO [cglc] [cglut] [cGSH] [gluAB]
kGCLAB - kGCLcglut - (1 + reoras T chﬁ,ccys) ' (1 + S0 T kGCLegle T KGeLeght T lcer T ngCLgluAB.)

vGSil - [CgIY} ’ [gluAB] ’ (1 - kquSQ~[[(2;§]]'[gluAB})

N cgly] [gluAB] [cgld] [cGSH] [OPA]
kGSegle - kGSegly - (1 + ey T ngSgluAB) ' (1 + TGSegle T Fascasn T kGSOPA)

Equation for venous blood glutamyl amino acid (bgluAA)

[bgluAA] - [cysgly]
d([bgluAA] - Veen) vGGT - [bGSH] - (1 - quGGT<[§é§I%>
dt o [bgluAA] [bGSH] [cysgly] [bgluAA] - [cysgly]
kGGTbGSH - (1 + kGG%FbgluAA + tearease T kGGnyyysgly + kGGTbggluAA‘kéCnycysgly>

cgluAA
vIRS - [bgluAA] . (1 - keqT[RgS—[bgl]uAA]>

—-0.49 -

bgluAA cgluAA
kTRSbgluAA - (1 + kT[Rngglu]AA + kT[Rgscgm/]xA)
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Equation for liver cytosol cysteinylglycine (cysgly)

bgluAA] - | b
d ([cysgly] - Veen) vGGT - [bGSH] - (1 - [kegqéGTJ-[[lC)}ésgg]]> B VAP - (1 - 71(8@[1:?@,5@},]) -+ [eysgly]
dt o bgluAA bGSH cysgl bgluAA] - [cysgl bceys cysgl
kGGTbGSH - (1 + kG[G%rbglu]AA + kG[GTbG]SH + kG[GyTiy};]gly + kGGl[“bggluAA]-l[(ééTyc]ysgly) kAPcysgly - (1 + kzLPl}),c]ys + kggcis}gly)

Equation for liver cytosol glutamyl amino acid (cgluAA)

[cgluAA]

vIRS - [bgluAA] . (1 - keqTRS-—[bgluAA]

)

d([cgluAA] . %ell)

VGCTA - [cgluAA] - (1

N [oxo]
kegGCTA - [cgluAA]

dt [bgluAA]

TRSbgluAA

+ [cgluAA]
kTRScgluAA

KTRShgluAA - (1 + o )  KGCTAcgluAA - (

Equation for general liver cytosol proteins (prot)

d ([prot] - Veen)
dt

Equation for liver cytosol acetaminophen (para)

d ([para] - Veen)

dt

[para] - VmP450E1 - [¢GSH]

KP450E1cGSH - kP450E1para - (1 + el

[ASG]

+ [cGSH]
kP450E1ASG

+ kP450E1cGSH

)

[para] - VmP450A2 - [cGSH]

1

)
[ox0]

[cgluAA] +
kGCTAoxo

CTAcgluAA

)

+kG

= —Ven - (KprotDeg(v37) . [prot]) —Veen - (kprotg(v38) - [prot] — kprotdysg) - [growthprot]) + KprotAA 7 - [ccys] - [met]

B ar ASG GSH
kP450A2¢GSH - kP450A2para - (1 + kP4E5%?A;]para + kP4£50A2]ASG + kP4E’>COA2c]GSH)

_ vSpara - [paral ~ vGpara - [para] 4047 fQliv - Qcard - [pArt] 047 fQliv - Qcard - [para] - 2.14 047 Clint - [para]
kSpara + [para] kGpara + [para] fVart - Vtot ’ fVliv - Vtot - Kpaliv ' fVliv - Vtot
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Equation for arterial blood acetaminophen (pArt)

d([pArt] - Veen)  fQart - Qcard - [pLung] _ 1Qtiss - Qcard - [pArt]  fQkid - Qcard - [pArt) ~ 1Qliv - Qcard - [pArt]

dt fVlung - Vtot - Kpalung fVart - Vtot fVart - Vtot fVart - Vtot

Equation for lung tissue acetaminophen (pLung)

d([pLung] - Veen) _ fQart - Qcard - [pLung] N fQven - Qcard - [pVen]
dt N fVlung - Vtot - Kpalung fVven - Vtot

Equation for venous blood acetaminophen (pVen)

d ([pVen] - Veen) fQven - Qcard - [pVen] fQtiss - Qcard - [pTiss] fQkid - Qcard - [pKid] fQliv - Qcard - [para] - 2.14 )
—_ = - + = — + —— — + . - + Veen - (ivparay)
dt fVven - Vtot fVtiss - Vtot - Kpatiss = fVkid - Vtot - Kpakid fVliv - Vtot - Kpaliv

Equation for other tissues acetaminophen (pTiss)

d([pTiss|] - Veen) ~_ 1Qtiss - Qcard - [pArt] fQtiss - Qcard - [pTiss]

dt fVart - Vtot fVtiss - Vtot - Kpatiss

Equation for kidney acetaminophen (pKid)

d ([pKid] - Veen) fQkid - Qcard - [pArt] fQkid - Qcard - [pKid] ~ CLpauri - [pKid]
dt fVart - Vtot fVkid - Vtot - Kpakid fVkid - Vtot




Electronic Supplementary Material (ESI) for Integrative Biology
This journal is © The Royal Society of Chemistry 2013

Equation for urine acetaminophen (pUri)

d([pUri] - Veen)  CLpauri - [pKid]
dt B fVkid - Vtot
Equation for metabolized acetaminophen (pExt)
d([pExt] - Veen) ~ Clint - [para]
dt ~ {Vliv - Vtot
Equation for arterial blood ophtalmic acid (opArt)
d([opArt] - Veen)  fQart - Qcard - [opLung] _ 1Qtiss - Qcard - [opArt]  1Qkid - Qcard - [opArt] 914 fQliv - Qcard - [opArt]
dt ~ fVlung - Vtot - Koplung fVart - Vtot fVart - Vtot ’ fVart - Vtot
Equation for lung ophtalmic acid (opLung)
d([opLung] - Veen) _ fQart - Qcard - [opLung] = fQven - Qcard - [bOPA]
dt N fVlung - Vtot - Koplung fVven - Vtot
Equation for other tissues ophtalmic acid (opTiss)
d([opTiss] - Veen) _ fQtiss - Qcard - [opArt] {Qtiss - Qcard - [opTiss]

dt fVart - Vtot fVtiss - Vtot - Koptiss



Electronic Supplementary Material (ESI) for Integrative Biology
This journal is © The Royal Society of Chemistry 2013

Equation for kidney ophtalmic acid (opKid)

d([opKid] - Veen) _ fQkid - Qcard - [opArt] fQkid - Qcard - [opKid] =~ CLopuri - [opKid]

dt fVart - Vtot fVkid - Vtot - Kopkid fVkid - Vtot

Equation for excreted ophtalmic acid (opDEG)

d([opDEG] - Veen)  CLopuri - [opKid]
dt B fVkid - Vtot
Equation for arterial blood 5-oxoproline (oxArt)
d(foxArt] - Veen)  fQart - Qcard - [oxLung] {Qtiss - Qcard - [oxArt] fQkid - Qcard - [oxArt] 914 fQliv - Qcard - [oxArt]
dt ~ fVlung - Vtot - Koxlung fVart - Vtot fVart - Vtot ’ fVart - Vtot
Equation for lung 5-oxoproline (oxLung)
d([oxLung] - Veen) ~_ fQart - Qcard - [oxLung] N fQven - Qcard - [boxo]
dt N fVlung - Vtot - Koxlung fVven - Vtot
Equation for other tissues 5-oxoproline (oxTiss)
d (JoxTiss] - Veen) ~_ fQtiss - Qcard - [oxArt]  fQtiss - Qcard - [oxTiss]

dt fVart - Vtot fVtiss - Vtot - Koxtiss
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Equation for kideney 5-oxoproline (oxKid)

d(foxKid] - Veen) _ fQkid - Qcard - [oxArt] fQkid - Qcard - [oxKid] ~ CLoxuri - [oxKid]

de fVart - Vtot fVkid - Vtot - Koxkid fVkid - Vtot

Equations for urine 5-oxoproline (oxUri) and acetaminophen intra-venous infusion (ivpara)

d([oxUri] - Veen) ~ CLoxuri - [oxKid]
dt B fVkid - Vtot
d ([ivpara]) — ivpara

dt



