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Text for the chapter “Flux through the NPC is robust precisely because all reactions
go through the same pore”

Here we present the model for metabolic control analysis of NPC transport. The
nuclear import rate of each particular signaling protein x; (with y; represented its imported
form) through the NPC is described by a reversible kinetic equation incorporating
competitive inhibition by other cargo from both sides of the nuclear membrane:
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Here v,is the transport rate of species x; (and hence also of y;); Viax and the Ky
are constant rate characteristics of transport of species k.

For large n, several simplifications apply, i.e. when many other cargo proteins
compete for transport and their individual concentrations become small relative to the
total cargo concentration. First, the nuclear import rate v,becomes linear with respect to
x; and the corresponding elasticity coefficient, i.e. the log-log dependence of rate on
concentration (Burns et al, 1985) approaches 1, whenever the gradient of substance i
across the nuclear membrane is sizeable, i.e. X; >>y; :
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Second, the rate becomes independent of the concentration of any specific other
cargo molecule including the already imported forms, causing all cross elasticity
coefficients to become zero:
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This shows if there are many active pathways (the condition that n be large), all
regulatory influences between the pathways have elasticity coefficients that are very
close to zero. Consequently, all pathways become independent of each other. Therefore,
all the flux control of any path resides completely with its component enzymes:
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Partly because the NPC import is irreversible but mostly because of the saturation effect
itself, the reactions after import that sense the concentration of the imported form,
become so-called ‘slave enzymes’, which only control the concentration of their own
imported form in the nucleus but not its flux into the nucleus (Bakker et al, 2000) (Fig.
4B; control by ‘output’ is small). A possibly important exception to this arises when NR
accumulates in the nucleus after import, thereby reducing the amount of NR in the
cytosol. The NPC itself has positive control over all fluxes (approximately 0.5 in Fig.
4B). Cytosolic activities of a particular pathway have little, negative control on the flux
through any another pathway (cross control by input is small and negative in Fig. 4C).
Because they exert negative concentration control on x and y, nuclear processes control
other pathway fluxes positively if at all (Fig. 4C, gray line). Because no steady-state flux
exchange occurs between pathways, all flux control coefficients within a pathway sum to
1 (dashed line in Fig. 4B). It turns out that even though all pathways run through the
same pore, perturbation of any one pathway does not much influence the flux through the
other pathways. It only influences the flux through the perturbed pathway itself. Thus, the

flux of each pathway is robust precisely because all reactions go through the same pore.
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Fig. 1S. Active export of importins rather than active import of the importin-NR
complex is advantageous in enhancing the transcriptional response also when there
is degradation of NR.

Three alternative network designs are depicted: (A) Passive facilitated diffusion
(reversible pore) of NR across the nuclear membrane; (B) Active nuclear import
(irreversible pump) of importin-NR complex; (C) Active export (irreversible pump) of
importins from the nucleus. (D) Time course of the transcr1pt10na1 response (ratio
ReNrL/Re,y) at total importin concentration of 0.1x10 12 moles. The transcriptional
response represents the fraction of REs complexed to the NRL. There is a peak of
transcriptional response (maximal transcriptional response). (E) Maximal transcriptional
response (ratio ReNrL/Re, ;) as function of the total concentration of importins (for
designs A-C; note the logarithmic importin concentration axis). The transcriptional
response is inhibited by high concentrations of importin in models A and B. (F)
Sequestration (defined as the ratio NrLiyudmpiowi/NrLi) as function of the total
concentration of importins (for designs A-C; note the logarithmic importin concentration
axis). A high importin concentration leads to a high fraction of the NR fraction being
bound to importins, but only in models A and B. In model C active export of importins
keeps the NR-importin complex concentratlon in the nucleus low. Cytoplasmic and
nuclear compartment volume, resp. 1.55x10™ L and 0.45x10™" L (Riddick and Macara,
2007), and the total concentrations of NRL and RE were set to realistic values (1.31x10
nmoles of NRLs and 1.67x10™? nmoles of Res, respectively, per cell). The rate
constants for complex formation of NRs w1th 1mport1ns and of NRs with REs were
chosen as diffusion-limited (kassocmmn = 60 nM 'min’ ; resp. Kg=5 nM and K4 = 1 nM);
nuclear 1mp0rt and nuclear export is described by mass action kinetics with Kappa =
5.4%10" [I/min]. Rate equations and additional parameters are given in Table 9 of
Supplementary Information. Abbreviations: NrL — liganded NR (for example, GR); Imp-
importins, NrLImp- liganded NR bound with importins; Re - RE for NR on DNA;
ReNrL- RE on DNA bound with activated NR; NPC — nuclear pore complex; Degr —
degraded NR.
The model is available in JWS Online and can be simulated in a web browser:
http://jjj.biochem.sun.ac.za; http:// jjj.bio.vu.nl; http://jjj.mib.ac.uk (Snoep and Olivier,
2002; Olivier and Snoep, 2004). The model can be found via "author search",
‘kolodkin7’. The model can be also accessed directly via:
http://j;j.bio.vu.nl/webMathematica/Examples/run.jsp?modelName=kolodkin7 or at any
of the other servers listed above. Please note that values of parameters for nuclear import/
export rates are set for reversible transport. Simulations of receptor (importin) pump
require parameter values from Supplementary Table 9.
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Fig. 2S. Time courses of the concentration of the total NR in the nucleus for the six
network designs. Nuclear transport of liganded and unliganded NR in design 6 is fitted
to GR case (model for Figure 2 of Supplementary Information). (A) Upon 0.005 nM of
DEX addition. (B) Upon 0.1 nM of DEX addition. (C) Upon 1 nM of DEX addition. Rate
equations and additional parameters are given in Table 10 of Supplementary Information.

Models can be found via the "author search", ‘kolodkin’. Models can be also accessed
directly via: http://jjj.bio.vu.nl/webMathematica/Examples/run.jsp?modelName=kolodkinX, with X
ranging from 1 to 6 respectively for design 1 to design 6 (at each of the servers listed
above). Note: Figure 2D cannot be reproduced with online simulations, which allow
determining the net flux of ligand (as a sum of import and export fluxes) but not the time
course of import flux alone. Please contact the authors for more details. Figure 2G can be
reproduced by populating design 6 model with parameters from Supplementary Table 10.



Fig. 3S
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Fig. 3S. Nuclear translocation of GR-GFP following exposure to varying
concentrations of dexamethasone. Huh7 were transiently transfected with an over-
expression plasmid for GR-GFP and then exposed to (A) 0.005 nM (B) 0.1 nM or. (C) 1
nM of DEX. Nuclear:cytoplasmic localisation of GR is presented graphically in a
representative cell, and as the average nuclear localisation over time for at least ten cells
(error bars = SEM). Data is representative of three independent experiments.

Supplementary Methods

Huh7 cells, a human hepatoma cell line (a kind gift from Dr Steve Hood,
GlaxoSmithKline), were seeded into 8-chambered microscope slides (BD Biosciences,
Erembodegem, Belgium) at a concentration of 12,500 cells/well and incubated at 37°C
for 24 hrs in a humidified container for attachment. FuGENE 6-mediated DNA
transfections, using 83ng DNA/chamber were performed as described previously [El-
Sankary et al, 2001], using serum-free medium for the six-hour transfection period; this
was then replaced with fresh, complete medium, containing charcoal-stripped serum, for
the remaining culture period. Following 48 hours incubation, cells were visualized using
a Zeiss Axiovert LSM510 microscope. Following addition of dexamethasone at the
indicated concentration, cell fields were imaged in every 30s for 15 mins, using a 2.6us
pixel time. Total and nuclear fluorescence from at least ten cells for each treatment
condition were analysed using ImageJ v1.43.



SIMULATION RESULTS FOR ALL SPECIES IN ALL MODELS

Fig. 4S
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Fig. 4S. Simulation results for all species in all models of Figure 2
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Tables (rate equations and parameters of models)

Table 1

Design 1: just the role of NR

Reactions Parameters
vq Binding of nuclear ligand to NR tightly bound to the nuclear RE on Kir= 60 nM 'min’"; k;,=60 min™’
the DNA:
(., -Re N, (t)- L,(1)~k,, Re NrL, (1) )V, [nmoles/min]
V2 Ligand diffusion between cytosol and nucleus: Kappa,=*Kyjigand
= A2 o
Kappa, - (LC —L(t )) [nmoles/min] diffusion=32 X107 L/min; L, =
0.005 nM
Balance equations
dL,(t)/dt (Vo-V )V e [NM/min]
dReNr,(t)/dt (-vi )V e [nM/min]
dReNrL (t)/dt (+v1 )V e [nM/min]
Conserved Moieties
DNA,,, V.. | ReNr,(t)-V,  +ReNrL (t)-V,, [nmoles/cell] DNA ... V... =1000%10°/N,
= 1.67X107"2 nmoles (10°
molecules/cell)
Initial conditions
Re Nr, (0) DNA ., [oM]
ReNrL (0) | 0[bMI
L,(0) 0 [nM]. The addition of ligand was modeled as the increase of its fixed concentration in the outer cellular

membrane (L.) from 0 to 0.005 nM (and maintained constant at the latter level), where the concentrations
are quantified as the aqueous concentrations in the cytosol immediately adjacent to the plasma
membrane; we shall assume a rapid equilibration of the ligand between this aqueous phase and the
plasma-membrane phase. The concentration of ligand in the nucleus (L(t)) was treated as aqueous only,
i.e. in terms of the total number of molecules divided by the volume of the nucleus.

Volumes: V,,.=0.45X10"1; V,=1.55 X101, V ;=2 X 10" I; Ny=Avogadro’s number=6.02 X 10>

We describe a spherical cell of radius 7.85 um, with a spherical nucleus of radius 4.75 pm. Consequently, Area,, (area of nuclear
membrane) =280 um?=2.8-10"*dm?, Dist (distance between cytoplasmic and nuclear membrane)=3.1 um=3.1-10"dm ; V=450 um?,
Veytoplasm=1575 pm’, and Ve=2025 pm’.

Dbrowein =6°10°dm*/min (diffusion coefficient for protein (Kholodenko et al, 2000a).
Digana=36- 10°dm*min (calculated from the Stokes-Einstein equation by comparing with Dproein).

*KLiga.nd diffusion™= DLiga.nd X

Area,,
—— [litre/min= dm*/min]=32.5pL/min=32.5-10"* L/min.
ist

Table 2

Design 2: NR functioning as NR only

Reactions Parameters
vq Nuclear RE binding NRL: k= 60 nM 'min’"; k;,=60 min"!
(., -Re, () NrL, (1) —k,,-Re NrL, () }V,.
[nmoles/min]
v, NR binding nuclear ligand: Kor= 60 nM 'min’’; kp,=60 min™
Q{zf : Nrn (1) Ln (t)—k 2b'Nan (l‘)) VWC [nmoles/min]
V3 Ligand diffusion between cytosol and nucleus: Kappaz="*Ky; gand,
Kappa, - (LC —L (¢ )) [nmoles/min] dgiffusion=32 X 10"~ I/min; L =
0.005 nM
Balance equations
dL,(t)/dt | (v3-v2)/V e [NM/min]

13




dRe(t)/dt

-V1/V e [NnM/min]

dReNrL,(t)/dt +V1/V pue [NM/min]
dNr,/dt -Vo/V e [NnM/min]
dNrLn(t) (+v2-v IV e [nM/min]
Conserved Moieties
DNA Re Nr,(t)-V,,. +Re NrL (t)-V,,. [nmoles/cell] DNA ,,,.; Ve =1000%10°/N,

total " nuc

uc

= 1.67 X102 nmoles (10°

molecules/cell)

NRmtal -VWC Nr (t)-V  +NrL (t)-V _+ReNrL (t)-V  _ [«moles/cell] NRmtal -VWC=]05*]09/NA =
167 X102 nmoles (10°
molecules/cell)

Initial conditions

Re Nrn (0) DNA total [HM]

ReNrL, (0) | 0[M]

Nrn (O) NR total [IIM]

NrL,(0) 0 (M)

L,0) 0 [nM]. The addition of ligand was modeled as the increase of its fixed concentration in the outer cellular

membrane (L) from 0 to 0.005 nM (and maintained constant at the latter level), where the
concentrations are quantified as the aqueous concentrations in the cytosol immediately adjacent to the
plasma membrane; we shall assume a rapid equilibration of the ligand between this aqueous phase and
the plasma-membrane phase. The concentration of ligand in the nucleus (L(t)) was treated as aqueous
only, i.e. in terms of the total number of molecules divided by the volume of the nucleus.

Volumes: V,,.=0.45X10"1; V.= 1.55X10"I; V=2 X10" L; Ny=Avogadro’s number = 6.02X10*

We describe a spherical cell of radius 7.85 um, with a spherical nucleus of radius 4.75 pm. Consequently, Area,, (area of nuclear
membrane) =280 um?=2.8-10"*dm?, Dist (distance between cytoplasmic and nuclear membrane)=3.1 um=3.1-10"dm ; V=450 um?,
Veytoplasm=1575 pm’, and Ve=2025 pm?®.

Dbrowein =6°10°dm?*/min (diffusion coefficient for protein (Kholodenko et al, 2000a).
Digana=36- 10°dm*min (calculated from the Stokes-Einstein equation by comparing with Dproein).

*KLiga.nd diffusion™= DLiga.nd

Area

X ——— [litre/min= dm*/min]=32.5pL/min=32.5-10" L/min.

Dist

Table 3

Design 3: NR functioning both as NR in the nucleus and as cytosolic shuttling protein

Reactions Parameters

vq Nuclear RE binding NRL: kir= 60 nM 'min’"; k,=60 min’!
(., -Re, (1) NrL, (1) —k,,-Re NrL, () }V,.
[nmoles/min]

\2) NR binding nuclear ligand in the nucleus: Kar= 60 nM 'min""; k=60 min’!
(&, - N, (1) L, (1) ~k NI, (£) } V.. [nmoles/min]

V3 Mass Action: NR near the nuclear membrane (but in the K= 60 nM 'min’’; k3,=60 min!
cytoplasm) binding ligand from the nucleus:

ky, NI, (1) L (1) ~k 5, NrL, (1))- V., [nmoles/min]

V4 Mass Action: NR that sits near plasma membrane binds ligand Kkur= 60 nM 'min’"; ky,=60 min’!
from the plasma membrane.
(ky, - Nr.(1)- L~k - NrL (1)) V., tnmoles/min]

Vs Passive diffusion of Nr between cytoplasma close to plasma Kappas="**Kprorein diffusion=-4 X 107

membrane and cytoplasma close to nuclear membranes
Kappas - (NI‘L (1)— Nr, (t)) [nmoles/min]

Please note we modeled the diffusion as a single movement from

L/min

14




close to the plasma membrane where the nuclear receptor was
present at concentration Nr, to a position close to the nuclear
membrane where the nuclear receptor had a concentration Nr,.
Ve Passive diffusion of NrL between plasma and nuclear membranes: Kappas=**Kprotein diffusion=3-4 X 1012
Kappay - (NI‘LC (1)— NrL, (l)) [nmoles/min] /min
Please note we modeled the diffusion as a single movement from
close to the plasma membrane where the nuclear receptor was
present at concentration NrL. to a position close to the nuclear
membrane where the nuclear receptor had a concentration NrL,,.
\Z| Ligand diffusion between cytosol and nucleus: Kappa;=*Kyjgand diffusion=32 X 10"
Kappa7 . (LC - Ln(l‘)) [nmoles/min] /min; L. = 0.005 nM
Balance equations

dL,(t)/dt (v7-v3 =v)/V e [NM/min]

dRe(t)/dt -Vi/V e [NM/min]

dReNrL,(t)/dt +v1/V e [NnM/min]

dNr,/dt -Vo IV e [NM/min]

dNrL,(t) (+v2-v)/V e [nM/min]

dNrL,(t) (+V3+V6)/V ey [nM/min]

dNrLc(t) (+v4-v6)/V oy [NM/min]

dNr /dt (-Vs-vg)/V ey [nM/min]

dNr,/dt (+v5-v3)/V y [nM/min]

Conserved Moieties
DNA ... Ve Re Nr,(t)-V . +ReNrL (t)-V, . [nmoles/cell] DNA .., V... =1000%10°/N, =
1.67X10™"2 nmoles (10°
molecules/cell)
9
NRCCytToral'cht Nrm(t)'vcyr +N’:'(t)'vcyt+Ner(t)'cht+NrLc(t)'chr NRroral'(Vnuc +cht) =10"#10 /Na
[nmoles/cell] = 167X10™% nmoles (10°
molecules/cell)
NRNucTotal 'Vnuc N};t (t) ' ‘/nuc + erﬁ (t) ' ‘/nuc + Re erh (t) ' ‘/nuc NRmml .(Vnuc + cht ) =]05*]09/NA
[nmoles/cell] = 167X10""? nmoles (10°
molecules/cell)
Initial conditions
Re Nrn (0) DNA total [HM]
Re NrL, (0) 0 [nM]
Nrn (0) NR total [(nM]
NrL,(0) 0 [nM]
Nrm (O) NR total [IIM]
NrL,(0) 0 (M)
Nrc (0) NR total [(nM]
NrL,(0) 0 [nM]

L,0) 0 [nM]. The addition of ligand was modeled as the increase of its fixed concentration in the outer cellular
membrane (L.) from 0 to 0.005 nM (and maintained constant at the latter level), where the concentrations
are quantified as the aqueous concentrations in the cytosol immediately adjacent to the plasma membrane;
we shall assume a rapid equilibration of the ligand between this aqueous phase and the plasma-membrane
phase. The concentration of ligand in the nucleus (L,(t)) was treated as aqueous only, i.e. in terms of the
total number of molecules divided by the volume of the nucleus.

Volumes: V.= 0.45X10"2 L; V., = 1.55X10"2 L; V= 2X10" L; Ny=Avogadro’s number = 6.02X10%

We describe a spherical cell of radius 7.85 um, with a spherical nucleus of radius 4.75 pm. Consequently, Area,, (area of nuclear
membrane) =280 pm2=2A8-10'8dm2, Dist (distance between cytoplasmic and nuclear membrane)=3.1 pm=3.1-10'5dm ; V=450 pm3,
Veyioplasm=1575 pm’, and V=2025 pm?®.
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Dprotein =6°10°dm?*/min (diffusion coefficient for protein (Kholodenko et al, 2000a).
Duga,,d=36-10'9dm2/min (calculated from the Stokes-Einstein equation by comparing with Dproein)-

*Kugmd diffusion= DLigand

**Kprotein diffusion= DProtein

Table 4

Area,,,
X D— [litre/min= dm*/min]=32.5pL/min=32.5-10"" L/min.
st
Area,,,
X D— [litre/min= dm*/min]=5.4 pl/min=5.4-10">L/min.
1St

Design 4: NR functioning both as NR and as shuttle from plasma membrane all the way to the DNA

Reactions Parameters
vq Nuclear RE binding NRL: k=60 nM 'min"; k;, = 60 min”’
(,, -Re, (1) NrL, (1) —k,,-Re NrL, () }V,.
[nmoles/min]
\2) NR binding nuclear ligand in the nucleus: Kar= 60 nM 'min’"; ky, = 60 min”’
(,, - Nr, (1) L, (1) ~k 5, NrL, (1) } V. [nmoles/min]
V3 Mass Action: NR that sits near plasma membrane binds ligand Ksr= 60 nM 'min’’; k3,= 60 min!
from the plasma membrane.
(ks - Nr.(1)- L, (1) ~k 3, NrL, (1))- V., nmoles/min]
V4 Passive transport of NR across nuclear membrane: Kappay = **Kpyotein diffusion = -4 X107
12 .
Kappa, - (NI’C (t)—Nr, (I)) [nmoles/min] L/min
Vs Passive transport of NRL across nuclear membrane: Kappas= **Kprotein diffusion= -4 X 1012
Kappa, - (NI’LC (t)— NrL, (t)) [nmoles/min] L/min
Vs Ligand diffusion between cytosol and nucleus: Kappas= *KLigand diffusion= 32 X 1012
Kappa - (Lc - Ln(t)) [nmoles/min] L/min; L = 0.005 nM
Balance equations
dL,(t)/dt (ve-v2)/V yu [nM/min]
dRe(t)/dt -V1/V pue [NM/min]
dReNrL (t)/dt +v1/V e [NM/min]
dNr,/dt (+v4-V)/V e [nM/min]
dNrL,(t) (+V2+Vs-v)/V e [nNM/min]
dNr/dt (-V3-Vg)/V ey [nM/min]
dNrL/dt (+v3-Vs)/V oy [nM/min]
Conserved Moieties
DNA ... Ve Re Nr, (t)-V . +ReNrL (t)-V, [nmoles/cell] DNA,,,.; V... = = 1000%10°/N,

== 1.67X10"? nmoles (10°
molecules/cell)

NRtotal '(Vnuc + cht )

Nr()-V,, . +Nr.()-V,,+NrL(1)-V,,

NRtotal '(Vnuc + cht ) =105*]09/NA
= 167 X107 nmoles (10°

+ NVLC (1) cht +Re NI‘L” (1) VnuC [nmoles/cell] molecules/cell)
Initial conditions

Re Nr,, (0) DNA, ,, [(aM]

Re NrL, (0) 0 [nM]

Nr (0 k

”( ) NR total '(Vnuc + cht ) X 4 [nM]
k4f ’ Vnuc + k4b ’ cht
NrL, (0) 0[nM]
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Nr.(0 k
‘ ( ) NRtotal '(Vnuc + Vc ) ) X 4 [nM]
Yk VAt ky, V)
4f nuc 4b cyt
NrL(0) 0.
L,(0) 0 [nM]. The addition of ligand was modeled as the increase of its fixed concentration in the outer cellular

membrane (L.) from 0 to 0.005 nM (and maintained constant at the latter level), where the concentrations
are quantified as the aqueous concentrations in the cytosol immediately adjacent to the plasma membrane;
we shall assume a rapid equilibration of the ligand between this aqueous phase and the plasma-membrane
phase. The concentration of ligand in the nucleus (L,(t)) was treated as aqueous only, i.e. in terms of the
total number of molecules divided by the volume of the nucleus.

Volumes: V,,,.=0.45 X102 1; V,=1.55 X102 1; V ;=2 X 10 I; Ny=Avogadro’s number=6.02 X 10>

We describe a spherical cell of radius 7.85 um, with a spherical nucleus of radius 4.75 pm. Consequently, Area,, (area of nuclear
membrane) =280 um?=2.8-10"*dm?, Dist (distance between cytoplasmic and nuclear membrane)=3.1 um=3.1-10"dm ; V=450 um?,

Veytoplasm=1575 pm?, and V=2025 pm®.

Dbrowein =6°10°dm*/min (diffusion coefficient for protein (Kholodenko et al, 2000a).
Duga,,d=36-10'9dm2/min (calculated from the Stokes-Einstein equation by comparing with Dproein)-

Area,, . N
*KLigand diffusion= DlLigand X D—t [litre/min= dm’/min]=32.5pL/min=32.5-10"" L/min.
IS
Area,,,
**Kprotcin diffusion= Dprotein X D— [litre/min= dm*/min]=5.4 pl/min=5.4-10"?L/min.
st

Table 5

Design 5: NR functioning as NR and imported actively from the cytoplasm

Reactions Parameters

vi Nuclear RE binding NRL: ki= 60 nM 'min’’; k,;,=60 min™
(,, -Re, (1) NrL, (1) —k,,-Re NrL, () }V,.
[nmoles/min]

\2) NR binding nuclear ligand: Kkar= 60 nM 'min’"; k,,=60 min’!
Q(Zf “Nr, (1)- L, 3] _k2h'Nan (Z)) V... [nmoles/min]

V3 Mass Action: NR that sits near plasma membrane binds ligand ksr= 60 nM 'min™"; ky,=60 min"!
from the plasma membrane.
(ks - Nr(1)- L, (1) ~k 3, NrL, (1))-V,, nmoles/min]

A\ Active transports of NR across nuclear membrane: Kappagimporin =3.4 X 10" L/min;

Kappasesporin=0.054 X 10"'* L/mi

Kappa4imporrin ’ Nrc (t) - Kappa4exportin ' Nrn (t) APPierport o
[nmoles/min]

Vs Active transports of NRL across nuclear membrane: Kappsimportint =34 X 10" L/min;

K exportin=0.054 X 10712 L/mi

KappaSimportin ’ NrLc (t) - KappaSexportm ’ Nan (t) APPAsexpor i
[nmoles/min]

Vs Ligand diffusion between cytosol and nucleus: Kappa6=*1<ugand diffusion=32 X 102
Kappay - (Lc - Ln(t)) [nmoles/min] L/min; L = 0.005 nM

Balance equations

dL,(t)/dt (ve-v2)/V pue [nM/min]

dRe(t)/dt -Vi/V e [NnM/min]

dReNrL (t)/dt +v1/V e [nNM/min]

dNr,/dt (+v4-V)/V e [nM/min]

dNrL,(t) (+V2+V5-v)/V . [NM/min]

dNr./dt (-v3-V)/V ey [nM/min]

dNrL/dt (+V3-V5)/V .y [NnM/min]

Conserved Moieties
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DNA ... Ve Re Nr, (t)-V .+ReNrL (t)-V, . [nmoles/cell] DNA ,,,.; V. =1000%10°/N, =
1.67X10™" nmoles (10°
molecules/cell)

NRtotal '(Vnuc + chr ) N’;l (t) ’ Vnuc + N’Z (t) ’ chr + Nan (t) ' ‘/nuc NRtotal '(Vnuc + chr ) =105*]09/NA

+NrL.(1)-V,,, +ReNrL, (1)-V,,

[nmoles/cell]

= 167X10"% nmoles (10°
molecules/cell)

Initial conditions

Re Nr, (0) DNA,,,,, [nM]
Re NrL, (0) 0 [nM]
Nr. (0
n( ) NR total '(VVIMC + VCyT ) X 4f [nM]
k4f Vnuc + k4b cht
NrL, (0) 0 [nM]
Nr.(0 k
C( ) NRtotal .(Vnuc + chr ) X AL [nM]
k4f ’ Vnuc + k4b ’ cht
NrL (0) 0 [nM]
L,(0) 0 [nM]. The addition of ligand was modeled as the increase of its fixed concentration in the outer cellular

membrane (L.) from 0 to 0.005 nM (and maintained constant at the latter level), where the concentrations
are quantified as the aqueous concentrations in the cytosol immediately adjacent to the plasma membrane

)

we shall assume a rapid equilibration of the ligand between this aqueous phase and the plasma-membrane

phase. The concentration of ligand in the nucleus (L,(t)) was treated as aqueous only, i.e. in terms of the
total number of molecules divided by the volume of the nucleus.

Volumes: V,,.=0.45X10"21; V=155 X102 I; V =2 X 10" L; Ny=Avogadro’s number=6.02 X 10*

We describe a spherical cell of radius 7.85 um, with a spherical nucleus of radius 4.75 pm. Consequently, Area,,. (area of nuclear
membrane) =280 pm2=2A8-10'8dm2, Dist (distance between cytoplasmic and nuclear membrane)=3.1 pm=3.1-10'5dm ; V=450 pm3,
Veytoplasm=1575 pm?, and V=2025 pm®.

Dprotein =6°10°dm*/min (diffusion coefficient for protein (Kholodenko et al, 2000a).
Duga,,d=36-10'9dm2/min (calculated from the Stokes-Einstein equation by comparing with Dproein)-

Area

*KLigand diffusion= DLigand

Table 6

X D—’”“ [litre/min= dm?min}=32.5pL/min=32.5-10"? L/min.
ist

Design 6: NR functioning as NR and preferential active import of NRL into the nucleus

Reactions Parameters

vi Nuclear RE binding NRL: ki= 60 nM 'min’; k;,=60 min™
(., -Re, (1) NrL,(1)—k,,-Re NrL () } V...
[nmoles/min]

\2) NR binding nuclear ligand: Kkar= 60 nM 'min’"; k,,=60 min’!
Q(2f “Nr, (1)- L, 3] _kzh'Nan (Z)) V... [nmoles/min]

V3 Mass Action: NR that sits near plasma membrane binds ligand ksr= 60 nM 'min"; ky,=60 min"!
from the plasma membrane.
(ks - Nr(1)- L, (1) ~k 3, NrL, (1))-V,, nmoles/min]

V4 Active transports of NR across nuclear membrane: Kappay=0.216 X 10" L/min;

Kappa,=0.054 X10™"* L/min

Kappa4imporrin ’ Nrc (t) - Kappa4exportin ' Nrn (t) PP
[nmoles/min]

Vs Active transports of NRL across nuclear membrane: Kappsumportin =5-4 X 10" L/min;
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KappaSimportin ' NrLc (t) - KappaSexportiﬂ ' Nan (t)

KappaSexporin=0-054 X 10-12 L/min

[nmoles/min]
Vs Ligand diffusion between cytosol and nucleus: Kappas="K igand difusion=32 X 107"
KappaG . (Lc - Ln(t)) [nmoles/min] L/min; L. = 0.005 nM
Balance equations
dL (t)/dt (V6-V)/V pue [NnM/min]
dRe(t)/dt -V1/V e [NnM/min]
dReNrL (t)/dt +V{/V e [NM/min]
dNr,/dt (+v4-V)/V 1y [nM/min]
dNrL,(t) (+V2+V5-v)/V . [NM/min]
dNr./dt (-v3-V)/V ¢y [nM/min]
dNrL./dt (+v3-Vs)/V.y [nM/min]
Conserved Moieties
DNA .. Ve Re Nr, (t)-V .+ReNrL (t)-V, [nmoles/cell] DNA,,,.; V. =1000%10°/N, =
1.67X10™" nmoles (10°
molecules/cell)
NRtotal '(Vnuc + chr ) N’;l (t) ’ Vnuc + N’Z (t) ’ chr + Nan (t) ' ‘/nuc NRtotal '(Vnuc + chr ) =105*]09/NA

+ NI’LC(Z‘) 'chr + RGNI’Ln (1) Ve  [nmoles/cell]

= 167X10"? nmoles (10°
molecules/cell)

Initial conditions

Re Nr, (0) DNA,,,,, [nM]
Re NrL, (0) 0 [nM]
Nr. (0
n( ) NR total '(VVIHC + VCyf ) X 4f [nM]
k4f Vnuc + k4b cht
NrL, (0) 0 [nM]
Nr.(0 k
rC( ) NRtotal .(Vnuc + chr ) X i [nM]
k4f ’ Vnuc + k4b ’ cht
NrL (0) 0 [nM]
L,0) 0 [nM]. The addition of ligand was modeled as the increase of its fixed concentration in the outer cellular

membrane (L.) from 0 to 0.005 nM (and maintained constant at the latter level), where the concentrations
are quantified as the aqueous concentrations in the cytosol immediately adjacent to the plasma membrane;
we shall assume a rapid equilibration of the ligand between this aqueous phase and the plasma-membrane
phase. The concentration of ligand in the nucleus (L,(t)) was treated as aqueous only, i.e. in terms of the

total number of molecules divided by the volume of the nucleus.

Volumes: V,,.=0.45X10"1; V=155 X102 [; V =2 X 10" L; Ny=Avogadro’s number=6.02 X 10%

*+*+Different regimes of predominant localization and shuttling rate of Nr were used for Fig. 2G:
nuclear, high shuttling (red solid line):
Kappay=5.4 X10"'% I/min; Kappag=5.4 X 10"'? 1/min; Kapps=2.7 X 10 1/min; Kappas;=5.4 X 10'* I/min

nuclear, low shuttling (red dashed line):
Kappay=5.4 X 10" 1/min; Kappas=5.4 X10™'® I/min; Kapps=2.7 X 10'? I/min; Kappas,=5.4 X 10" I/min

mixed, high shuttling (black solid line):
Kappay=5.4 X10"'? I/min; Kappas,=5.4 X 10 /min; Kapps=2.7 X10™'° I/min; Kappas,=5.4 X 10"'? 1/min

mixed, low shuttling (black dashed line):
Kappay=5.4 X10"'® I/min; Kappas,=5.4 X 10 I/min; Kapps=2.7 X10™"* I/min; Kappas,=5.4 X 10"'® 1/min

cytoplasmic, high shuttling (blue solid line):
Kappay=5.4 X102 1/min; Kappas=5.4 X10™'° I/min; Kapps=2.7 X 10'* I/min; Kappas,=5.4 X10™'° I/min

cytoplasmic, low shuttling (blue dashed line):
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| Kappa,=5.4X10"° I/min; Kappa=5.4 X 10" I/min; Kapps=2.7 X10™™ Vmin; Kappas,=5.4 X 10" I/min

We describe a spherical cell of radius 7.85 um, with a spherical nucleus of radius 4.75 pm. Consequently, Area,,. (area of nuclear
membrane) =280 um?=2.8-10"dm?, Dist (distance between cytoplasmic and nuclear membrane)=3.1 um=3.1-10"dm ; V=450 um?,

Veytoplasm=1575 pm?, and V=2025 pm®.

Dbrowein =6°10°dm*/min (diffusion coefficient for protein (Kholodenko et al, 2000a).
Duga,,d=36-10'9dm2/min (calculated from the Stokes-Einstein equation by comparing with Dproein).

Area,,,
X D— [litre/min= dm*/min]=32.5pL/min=32.5-10"" L/min.
ist

*KLigand diffusion= DLigand

Table 7

Model for Fig. 3
Reactions Parameters
Vi NRL binding importins in the cytoplasm: k;r= 60 nM 'min"; k;,=300 min’
(k,, - NrL (1) IMP.(t)~k - NrLIMP.(1))-V,,
[nmoles/min]
A7) Nuclear transport of importins complexed with NR: reversible pore (blgck dashed line):
Kappa,, - NrLIMP, — Kappa,, - NrLIMP, Egggg;:i_ D o i
[nmoles/min]
active import of NrLImp complex
(grey solid line):
Kappay=5.4 X102 /min;
Kappay,=0 L/min
active export of IMP (black solid
line):
Kappay=5.4 X10" I/min;
Kappay,=5.4 X 10" 1/min
V3 Nuclear transport of importins: reversible pore (bl?zck dashed line):
Kappa3f . IMPC (t)— Kappa3b IMPn (¢) [mmoles/min] Ezgg::;ﬁjiig” lljnnll;l,
active import of NrLImp complex
(grey solid line):
Kappas=5.4 X10"% 1/min;
Kappas,=5.4 X107 1/min
active export of IMP (black solid
line):
Kappaz;=0 L/min;
Kappay,=5.4 X 10" 1/min
A\ NRL binding importins in the nucleus: k=60 nM 'min"; k=300 min™
(k,; - NrL,(t)- IMP,~k,, - N)LIMP,(1))-V,,.
[nmoles/min]
Vs Nuclear RE binding NRL: ks=60 nM 'min"; ks;=60 min’’
(ks, - NrL,()-Re, (1)~ ks, - Re NiL,(1))-V,,,
[nmoles/min]
Balance equations
dNrL (t)/dt -v1/V oy [nM/min]
dImp,(t)/dt (-v1-v3)/V ey [nM/min]
dImpNrL (t)/dt (+v1-v2)/V .y [NM/min]
dNrL,(t)/dt (+v4-V5)/V e [NM/min]
dImp,(t)/dt (+v3-V)/V i [nM/min]
dImpNrL(t)/dt (+vo+va)/V e [NnM/min]
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dRe,/dt -Vs/V o [NM/min]
dReNrL,/dt +Vs/V e [NM/min]
Conserved Moieties
DNA total * nuc Re Nan(t) : ‘/nuc + Re”(l‘) ’ Vnuc[nMOIeS/cell] DNA total 'Vnuc =]000*]09/NA =
1.67X10™"2 nmoles (10°
molecules/cell)
NRtoml '(Vnuc + ‘/cyt ) erl" (t) ' ‘/""‘C + NrL" (t) ' ‘/cyt +Re erl" (t) ' ‘/nuc NRtotal .(Vnuc + ‘/cyt) =
+NI”LIMPC (1) chr + NI”LIMPn (1) VW_ [nmoles/cell] | 1.31X10"* nmoles
IMP,,.,V,,.+V.,) | NrLIMP(t)-V,,.+NrLIME()-V,, variable
+IMPC (1) chr + IMPn (1) Vnm_ [nmoles/cell]
Initial conditions
DNA (0) DNA total [nM]
NiL(0) N R total '(Vnuc + ‘/cyt )
[nM
Ve
Imp.(0) k,
IMPtolal ’ (Vnuc + chl ) X * (nM]
k3f ’ Vnuc + k3b ’ chl
ImpNrL(0) 0 [nM]
NrL,(0) 0 [nM]
Imps(0) k,
IMRotal ’ (Vnuc + ‘/cyt ) X L (nM]
sz 'V:mc + kSh 'cht
ImpNrL,(0) 0 [nM]

Volumes: V,,,.=0.45 X102 1; V,=1.55 X101, V ;=2 X 10 I; Ny=Avogadro’s number=6.02 X 10>

Various regimes of Nr nucleo-cytoplasmic transport (reactions 2 and 3):
(Fig. 3 A) reversible pore (black dashed line):
Kappay=5.4 X 10'? I/min; Kappa,,=5.4 X 10" I/min; Kappas;=5.4 X 10" I/min; Kappas,=5.4 X1

(Fig. 3 B) active import of NrLImp complex (grey solid line):

072 //min

Kappay=5.4 X10"? I/min; Kappa,,=0 I/min; Kappas;=5.4X10"'? I/min; Kappas,=5.4 X 10™'? 1/min

(Fig. 3 C) active export of IMP (black solid line):

Kappay=5.4 X 107 1/min; Kappay=5.4 X 10" I/min; Kappas;=0 1/min; Kappaz,=5.4 X 10" I/min

Table 8
Model for Fig. 4
Reactions Parameters
Vi Product inhibition (The S/Ks term in the denominator is Viux, =500 nM min; K =50
neglected) ! :
s K, =0.1nM; s=1nM;
MAX, F
10 2 S [nM/min]which was approximated by:
I+———=+——
1x KS
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VMAXI ’ K
X (t
0
KIX
Vai x,(1) Viux, =1 oM min'; K, =1
MAX, " g ) _
(1) . (7 nmind nM; Ky, = 1M
1+ 3
k=l Doy k=1 sz
Vi . y,‘(t) VMAX3 =0.1 nM min"; K3x =1
MAX
Pk, . nM; K, =1nM
0 [nM/min] Y
142
K 3
Balance equations
ds(t)/dt 0 (considered an infinite reservoir)
dx;(t)/dt (4+V;-Vo;) [nM/min]
dyl(t)/dt (+V2i_v3i) [nM/mm]
Initial conditions
s(0) 1 [nM]
x;(0)/dt 0 [nM]
y;i(0)/dt 0[nM]

22




Table 9

Model for Figure 1 of Supplementary Information

Reactions Parameters
Vi NRL binding importins in the cytoplasm: k;r= 60 nM 'min""; k;, = 300 min”’
(k,, - NrL,(t)- IMP.(t) =k, NrLIMP.(1))-V,,
[nmoles/min]
A2 Nuclear transport of importins complexed with NR: reversible pore (blalc2k dashed line):
X _ A Kappay= 5.4 X107 “ 1/min;
Kappa, ; - NrLIMF, — Kappa,, - NrLIMP, Kagga% 10" i
[nmoles/min]
active import of NrLImp complex (grey
solid line):
Kappayr=5 .4 X 10" 1/min;
Kappa,,= 0 L/min
active export of IMP (black solid line):
Kappay= 5.4 X 10" I/min;
Kappay, = 5.4 X107 I/min
V3 Nuclear transport of importins: reversible pore (blalczk dashed line):
A _ X Kappaz;= 5.4 X107 “ 1/min;
Kappas; - IMF, (1) - Kappas,, IMP, (1) Keoman = 5.4 X 10" Vinin
[nmoles/min]
active import of NrLImp complex (grey
solid line):
Kappas;= 5.4 X 10" I/min;
Kappas, = 5.4 X102 I/min
active export of IMP (black solid line):
Kappaze= 0 I/min;
Kappasy, = 5.4 X107% 1/min
A\ NRL binding importins in the nucleus: Ku= 60 nM 'min’"; kyr= 300 min’’
(k,; - NrL,(t)- IMP, — k,, - N)LIMP,(1))-V,,.
[nmoles/min]
Vs Nuclear RE binding NRL: ksr= 60 nM 'min’"; ks;= 60 min’’
(ks, - NrL,()-Re, (1)~ ks, - Re NrL,(1))-V,,,
[nmoles/min]
Ve Degradation of NR after being bound with RE (RE): Kgr= 0.1 min’
(k()f -Re NI’Ln (1))- VWC [nmoles/min]
Balance equations
dNrL (t)/dt -V1/Vey [NnM/min]
dImp,(t)/dt (-v1-v3)/V ey [nM/min]
dImpNrL (t)/dt (+v1-v2)/V .y [NM/min]
dNrL,(t)/dt (+v4-v5)/V yc [nM/min]
dImp,(t)/dt (+v3-v)/V e [nM/min]
dImpNrL(t)/dt (+Vo+V4)/V e [nM/min]
dRe,/dt (-vs+Ve)/V 1y [NM/min]
dReNrL,/dt (+V5—Ve)/V 1y [nNM/min]
dDegr,/dt +Ve/V hue [NM/min]
Conserved Moieties
DNA,,.. V.. Re NrL, (t)-V . +Re, (t)-V, [nmoles/cell] DNA,,.. Ve =1000%10°/N,, =

1.67 X107 nmoles (10° molecules/cell)

NRt()ml (Vn + chr )

uc

NrL,(1)-V,

nuc

+ NrLIMP.()-V.

vt

+NrL(1)-V,, +ReNrL, (1) V,

+ NrLIMP,(1)-V,

uc

+ Degr,

uc

NRroral '(Vnuc + ‘/cyt ) =
1.31X10™"% nmoles
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[nmoles/cell]
mp,, . -V, .+V.) | NlLIME(t)-V, . +NrLIME(t)-V,, Variable;
' ) For Fig. 1S D:
+IMP.(t)-V_+IMP (t)-V les/cell
C( ) o n( ) e frmotesteel] IMPtoral'(Vnuc + chr )=0.1X10""
nmoles

Initial conditions
DNA (©) DNA,,, [nM]
NrL.(0) NRtotal '(Vnuc + ‘/cyt )

[nM]
cht

Imp.(0) k,

IMI)toml ' (Vnuc + cht ) X [nM]

k3f ’ Vnuc + k3h ’ cht

ImpNrL.(0) 0 [nM]
NrL,(0) 0 [nM]
Imp,(0) k,

IMBoral ’ (Vnuc + chr) X ! [nM]

k3f ’ Vnuc + k3b ’ chr

ImpNrL,(0) 0 [nM]
Degr,(0) 0 [nM]

Volumes: V,,,=0.45X10"

1; Vo= 1.55 X107 I; V=2 X10™* I; Ny=Avogadro’s number=6.02 X10*

Various regimes of Nr nucleo-cytoplasmic transport (reactions 2 and 3):
(Fig. 3A) reversible pore (black dashed line):
Kappay=>5.4 X 107 1/min; Kappay,=5.4 X 10" I/min; Kappas;=5.4 X 10" I/min; Kappas,=5.4 X102 1/min

(Fig. 3B) active import of NrLImp complex (grey solid line):
Kappay=5.4 X 10" I/min; Kappa,,=0 /min; Kappas;=5.4 X10"'? I/min; Kappas,=5.4 X 102 1/min

(Fig. 3C) active export of IMP (black solid line):
Kappay=5.4 X 10" I/min; Kappa,,=5.4 X 10" I/min; Kappasr=0 L/min; Kappas,=5.4 X 10" /min
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Table 10

Model for Figure 2S of Supplementary Information (GR specific model)

Reactions Parameters
vq Nuclear RE binding NRL: k= 60 nM 'min”" (diffusion limited); k;,=60
‘Re, (t)- NrL,(t)—k,,-Re NrL,(t) } V. min

Q(lf () (D =k, n )) nuc (in oreder kd=1 nM (Drouin et al, 1992))
[nmoles/min]

\2) NR binding nuclear ligand: kar= 60 nM 'min"'(diffusion limited); k=60

.1 .

([czf : Nrn (1)- Ln (t)—k 2b'Nan (I)) V’mC [nmoles/min] | ™™ (Marissal-Arvy et al, 1999))

V3 Mass Action: NR that sits near plasma membrane binds ligand k3¢= 60 nM 'min"'(diffusion limited); k3,=60
from the plasma membrane. min'l(Marissal-Arvy et al, 1999))
(ks - N1.(t)- L, (1) ~k 3, NrL,(1))- V., tnmoles/min]

V4 Active transports of NR across nuclear membrane: Kappay=0.6 X 10" L/min (in the range of

nuclear import of Smad protein (Schmierer et

Kappa4imPortin ’ Nl’; (t) - Kappa4 exportin - Nrn (t) al, 2008);; P P (
[nmoles/min] Kappag,=1 X102 L/min (fitted)

Vs Active transports of NRL across nuclear membrane: Kapps=5 X 10""? L/min (fitted);

K =0.04X10™"* L/min (fitted
KappaSimport[n ’ NrLC (t) - KappaSexportin ’ Nan (t) APPisy min (fitted)
[nmoles/min]
Vs Ligand diffusion between cytosol and nucleus: Kappas="*Ky igand diffusion=32 X 102 L/min; L, =
Kappa, - (LC —L (¢ )) [nmoles/min] 0.005 M
Balance equations

dL (t)/dt (Ve-V2)/V e [NM/min]

dRe(t)/dt -Vi/V e [NnM/min]

dReNrL(t)/dt +V1/V e [NM/min]

dNr,/dt (4+V4-V)/V que [NM/min]

dNrL,(t) (+Vo+Vs5-v)/V . [nM/min]

dNr./dt (-v3-V)/V oy [nM/min]

dNrL./dt (+v3-v5)/Vy [nM/min]

Conserved Moieties
DNA ... Ve Re Nr (t)-V,  .+ReNrL (t)-V, . [«wmolesicell] | DNA, ., V.. =1000¥10°/N, = 1.67X10
12 nmoles (10° molecules/cell) (de Kloet et al,
2000)
NRtoml '(Vnuc + chr ) N’;’l (t) ' ‘/nuc + N’: (t) ' ‘/cyt + er?l (t) ’ Vnuc NRtoml '(Vnuc + chr ) =105*]09/NA =
2 0’ molecules/cell)
+NrL (1)-V._ +ReNrL (1)-V. les/cell 167 X107 nmoles (10° molecules/ce
‘( ) ot "( ) e [nmoles/eell] (Nordeen et al, 1989; van Steensel et al,
1995)
Initial conditions
Re N’;1 (O) DNA total [(nM]
Re NrL,(0) 0 [nM]
Nr (0) k
n 4f
NRtoral '(Vnuc + cht ) X k [nM]
k4f ’ Vnuc + 4p " cht
NrL,(0) 0 (M)
Nr.(0 k
C( ) NRroral '(Vnuc + ‘/L t) X 4 [nM]
ok, V. +k, -V
4f nuc 4b eyt

NrL,(0) 0 [nM]

L,0) 0 [nM]. The addition of ligand was modeled as the increase of its fixed concentration in the outer cellular
membrane (L,) from 0 to 0.005 nM (and maintained constant at the latter level), where the concentrations
are quantified as the aqueous concentrations in the cytosol immediately adjacent to the plasma membrane;
we shall assume a rapid equilibration of the ligand between this aqueous phase and the plasma-membrane
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phase. The concentration of ligand in the nucleus (L,(t)) was treated as aqueous only, i.e. in terms of the
total number of molecules divided by the volume of the nucleus.

Volumes: V,,,.=0.45 X102 1; V,=1.55 X102 1; V ;=2 X 10> L; Ny=Avogadro’s number=6.02 X 10> (Riddick and Macara, 2007)

We describe a spherical cell of radius 7.85 um, with a spherical nucleus of radius 4.75 pm. Consequently, Area,, (area of nuclear
membrane) =280 um?=2.8-10"dm?, Dist (distance between cytoplasmic and nuclear membrane)=3.1 um=3.1-10"dm ; V=450 um?,
Veytoplasm=1575 pm?, and V=2025 pm®.

Dbrowein =6°10dm?*/min (diffusion coefficient for protein (Kholodenko et al, 2000a).
Dugmd=36-10'9dm2/min (calculated from the Stokes-Einstein equation by comparing with Dproein).
Area,,
*Keigand diffusion= DLigand X ————— [litre/min= dm*/min]=32.5pL/min=32.5-10"* L/min.
st
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SENSITIVITY ANALYSIS OF MAIN CONCLUSIONS

We have varied parameter values and checked whether the conclusions persisted.
Our conclusions were mostly robust for up to five-fold changes in parameter values, but
the precise details are given below.

Figure 2: Design 6 is the most advantageous. This conclusion was not affected by
at least 5 fold perturbation of any single parameter in the model. The only exception was
related to the rate of nuclear import of liganded receptor. If active nuclear import of
liganded receptor in design 6 is decreased more then 3 fold, then the advantages of the
design 6 comparing with the design 2 almost disappear. This fits well in the context of
the main messages of our manuscript. Indeed, an advantageous feature of the design 6 is
exactly the active import of ligand into the nucleus achieved by preferential nuclear
import of the ligand bound receptor.

Figure 3: Active export of importins prevents sequestration of the receptor in the
nucleus by importins. This conclusion was not affected by 10 fold perturbation of any
single parameter in the model.

Figure 4: flux through the NPC may be robust even if all pathways run through
the same pore. This conclusion was not affected by 10 fold perturbation of any single

parameter in the model.
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Table 11 SENSITIVITY ANALYSIS OF MAIN CONCLUSIONS FOR FIG. 2

NR and Ligand diffusion (Ligand diffusion/NR diffusion ratio = 6 as calculated from Stokes-Einstein equation)
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Ligand diffusion only
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NR diffusion only
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NR concentration (also means the change in the ratio NR/DNA and NR/Ligand) for designs 2-6

normal 10 times higher 5 times lower
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Ligand concentration (also means the change in the ratio Ligand/NR; Ligand/DNA) for designs 1-6
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K4 Receptor-DNA binding, designs 2-6 (ky;,)
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Ky Receptor-Ligand binding design 1 (ky;); design 2 (kj;,); design 3 (kyp; Kay; Kyp,); designs 4-6 (ks ki)
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Liganded NR nuclear import, designs 5-6 (ks;)
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Liganded NR nuclear export, designs 5-6 (ks,)
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Unliganded NR nuclear import, designs 5-6 (ks;)
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Unliganded NR nuclear export, designs 5-6 (ks;,)
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Table 13 SENSITIVITY ANALYSIS OF MAIN CONCLUSIONS FOR FIG. 4
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