Supplementary Information

1. Model Equations

The full mathematical models are described below. Note that the encoding of models in COPASI and
SBML format are also included as supplementary data files.

Model I
d([CuCyt]" V) Ly [ VCCOA'TCUPP]
de vep (KchoA + [CuPP])
1 vCopA1-[CuCyt]
ik (KmCopAl + [CuCyt])
. .{ VCusSystem[CuCyt]
o (KmCusSystem + [CuCyt])
“V 10" (KGSCUCYECP*[CuCyt] [CYtCP])
+ V1o (KASCUCYLCP [CUCYLCP])
d([CuPP]' V\/pp) = .{ vOprC-CuExt0
dt vep (KmOprC + CuExtO)

-\, (kasCuPPCP[CuPP]-[PPCP])

. VCcoA[CuPP]
e (KchoA+[CuPP])
. VCopA1-[CuCyt]
o (KmCopAl + [CuCyt])
v vPcoB*[CuPP]
P (KmPcoB + [CuPP])
+V/yp, ' (kdsCuPPCP-[CuPPCP])

d([CUCYtCP]'V\/cyto) den *(kasCuCytCP *[CuCyt]*[CytC
dt ' = Vo' (KASCUCYLCP*[CuCyt] [CytCP])

Voo (kASCUCYLCP - [CUCYLCP])

d([CuPPCP]- V,
( w +V,,,"(kasCuPPCP-[CuPP]-[PPCP])

dt
-V (KdSCUPPCP *[CUPPCP])
d([PPCP] V)

T = -V,,,,"(kasCuPPCP*[CuPP]*[PPCP])

+V, 5, (kdSCUPPCP [CUPPCP])

NPT Vreye) V. (kasCuCytCP*[CuCyt]-[CytC
de -chto(asuytp[uyt][ytp])

sl ' (kdsCuCytCP *[CuCytCP])
"Total_Cu (attomol/cell)" = "TotalCu_PP (attomol/cell)" + "TotalCu_Cyt (attomol/cell)"
"TotalCu_Cyt (attomol/cell)" = ([CuCyt]+ [CuCytCP]) Compartments[Vcyto].InitialVolume-1e18
"TotalCu_PP (attomol/cell)" = ([CuPP]+ [CuPPCP])*Compartments[Vpp].InitialVolume-1e18
([CuCyt] + [CuCytCP]) - Compartments[Vcyto].InitialVolume + ([CuPP] + [CuPPCP]) - Compartments[Vpp].InitialVolume
Compartments[Vcyto].InitialVolume + Compartments[Vpp].InitialVolume

TotalCu_conc =



Model 11

d([CuCyt]* V. ]
([CUCYE] Vo) +vap,( VCCoA [CuPP] )

d¢ KmCcoA + [CuPP]

VCopA1‘[CuCyt]

Voo (KmCopA1+[CuCyt])
vCusSystem*[CuCyt]

e (KmCusSystem + [CuCyt])

Vo’ (KASCUCYLCP* [CUCYE] [CYECP])

- (kdsCuCytCP *[CuCytCPJ)

+ VVCyto
: vCopA2[CuCyt]
o (KmCopAZ + [CuCyt])
d([CuPPT" V) Ly [ VOPIC CUEXtD
Vep (KmOprC + CuExto)

-V, (kasCUPPCP*[CuPP]* [PPCP])

dt

LTI vCcoA *[CuPP]

Vep (KchoA + [CuPP])

+ [ VCopA1-[CuCyt]
Vo (KmCopAl + [CuCyt])
W vPcoB *[CuPP]

e (KmPcoB + [CuPP])
+V,,, " (kdSCUPPCP[CuPPCPY)
i vCopA2*[CuCyt]

o (KmCopAZ + [CuCyt])

chto)

d ([CuCthP] V.
—_— T + VVCyto
dt

+(kasCuCytCP *[CuCyt]*[CytCP])

Voo (KASCUCYLCP* [CUCYLCP])

d([CuPPCP]" V',
% = +V,,,"(kasCuPPCP*[CuPP]*[PPCP])
~Vpp " (KASCUPPCP*[CUPPCP))
d([PPCP]" V.
ST L) = -V, *(kasCuPPCP[CuPP]-[PPCP])
dt PP
+V,y,, " (kdSCUPPCP[CUPPCP])
d([CytCP]* V.
Gl D S V" (kBSCUCYECP *[CUCyL] - [CYtCP])
de 2hs

+V, oo’ (kdsCuCytCP *[CuCytCP])
"Total_Cu (attomol/cell)" = "TotalCu_PP (attomol/cell)" + "TotalCu_Cyt (attomol/cell)"
"TotalCu_Cyt (attomol/cell)" = ([CuCyt]+ [CuCytCP])*Compartments[Vcyto].InitialVolume-1e18
"TotalCu_PP (attomol/cell)" = ([CuPP]+ [CuPPCP])-Compartments[Vpp].InitialVolume-1e18
([CuCyt] + [CuCytCP]) - Compartments[Vcyto].InitialVolume + ([CuPP] + [CuPPCP]) - Compartments[Vpp].InitialVolume
Compartments[Vcyto].InitialVolume + Compartments[Vpp].InitialVolume

TotalCu_conc =



Model IIT

d([CUCYt] Vyo )

dt

d ([CuPP] : l/vpp)

dt

d([CuCYLCP]- V)

dt

d([CuPPCP]- V, )

vCcoA *[CuPP]
e
PP\ KmCcoA +[CuPP]
vCopA1+[CuCyt]
3 Vchto ( )
KmCopA1 +[CuCyt]
: .1 VCusSystem'[CuCyt]
okl (KmCusSystem + [CuCyt])
*(kasCuCytCP *[CuCyt] - [CytCP])

- (kdsCuCytCP* [CuCytCP])

= Vchto
+ Vchto
vOprC-CuExt0
= o (e o
PP\ KmOprC + CuExt0
o vap'(kasCuPPCP *[CuPP][PPCP])

+V/5, " (kdPPCP* [CUPPCP])

= vCcoA *[CuPP]
Vep (KchoA + [CuPP])
vCopA1-[CuCyt]
Yoo (KmCopA1+[CuCyt])
g vPcoB ' [CuPP]
Vep (KmPcoB + [CuPP])
+V\pp ' (kdSCUPPCP*[CuPPCP])

+V

+V, e *(kasCuCytCP - [CuCyt] - [CytCP])

V0" (KASCUCYECP *[CUCYECP])

= +V,,,,"(kasCuPPCP[CuPP]-[PPCP])

de
V" (kdPPCP*[CUPPCP))
V" (kdsCuPPCP[CUPPCP])
d([PPCP]* V.
i = -V, (kasCuPPCP*[CuPP]-[PPCP])
de PP
V" (kdPPCP[PPCP))
+V,,,," (kdSCUPPCP[CUPPCP))
hCuCytPPCP
V ppKSPPCP[CUCYH]
by hCuCytPPCP hCuCytPPCP
KmCuCytPPCP +[CuCyt]
d([CytCP]* V.
S o) 2 Vo (KASCUCYCP  [CUCyt] [CYCP])
det Yo

"Total_Cu (attomol/cell)"

+V,, oo *(kdsCuCytCP *[CuCytCP])
= "TotalCu_PP (attomol/cell)" + "TotalCu_Cyt (attomol/cell)"

"TotalCu_Cyt (attomol/cell)" = ([CuCyt] + [CuCytCP]) Compartments[Vcyto].InitialVolume-1e18
"TotalCu_PP (attomol/cell)" = ([CuPP]+ [CuPPCP])Compartments[Vpp].InitialVolume-1e18
([CuCyt] + [CuCytCP]) - Compartments[Vcyto].InitialVolume + ([CuPP] + [CuPPCP]) - Compartments[Vpp].InitialVolume

TotalCu_conc =
Compartments[Vcyto].InitialVolume + Compartments[Vpp].InitialVolume




2. Indentifiability analysis

Identifiability analysis was carried out for each of the models using profile likelihood analysis (Raue et
al., 2009) using a previously described procedure (Schaber, 2012).

Briefly, hold each estimated parameter at a constant value around the best estimate (here we used
+1000 fold) and estimate the rest of parameters by parameter estimation. The likelihood ratio is
calculated using the following formula:

2
Xa

C,,=SSR|(p|-exp

Where, x> is the Chi-squared distribution and n is the number of data points. For Models I and II, n is
32 and for Model III it is 48.

Horizontal lines represent the level for 90% confidence intervals (solid line for identifiability of all
parameters simultaneously, dashed line for identifiability of that parameter alone).



Figure S1. Profile likelihood for Model I.
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Figure S2. Profile likelihood for Model 1I.
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Figure S3. Profile likelihood for Model II1.
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