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Additional file 2:
Model normalization procedure

We start with the model version shown in Fig 3B in the main manuscript

˙pRaf = k+1 (RafTOTs1 − pRaf)u(t)− k−1 pRaf +

+fn [−kFnppERKpRaf] +

+fp

[
kFp

ppERK5

ppERK5 + g5
(RafTOTs1 − pRaf)

]
˙ppMEK = k+2 (MEKTOTs2 − ppMEK)pRaf− k−2 ppMEK
˙pERK = k+3 (ERKTOTs3 − pERK− ppERK)ppMEK +

+k−4 ppERK− (k−3 + k+4 ppMEK)pERK
˙ppERK = k+4 pERKppMEK− k−4 ppERK

u(t) =

 0 t < 0

1− t3

t3 +K3
t ≥ 0.

In order to compare this model to the data in [1], variables have to be rescaled
and normalized to the same reference experiment as in [1]. The light signals
detected in the Western blots were normalized to the signals of the respective
total proteins, such that the experimental values represent measures that are
proportional to the fractions of phosphorylated proteins. Following this line of
argumentation, we rescale the variables of the model accordingly, by defining
the dimensionless state variables as

x1 = α1 ·
pRaf

RafTOT · s1

x2 = α2 ·
ppMEK

MEKTOT · s2

x3 = α3 ·
pERK

ERKTOT · s3

x4 = α4 ·
ppERK

ERKTOT · s3
.
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The transformed system in terms of these new variables reads

ẋ1 = k+
1 (α1 − x1)u− k−

1 x1 +

+fn

[
−k̃Fn

1

α4
s3x1x4

]
+ fp

kFp
x54

x54 +

(
g̃α4

s3

)5 (α1 − x1)


ẋ2 = k̃+

2 (α2 − x2)s1
1

α1
x1 − k−

2 x2

ẋ3 = k̃+
3 (1− x3 −

1

α4
x4)s2

1

α2
x2 + k−

4

1

α4
x4 − k−

3 x3 − k̃+
4 s2

1

α2
x3x2

ẋ4 = k̃+
4 s2

α4

α2
x3x2 − k−

4 x4.

Here, bold parameters are unknown and have to be estimated. Gray pa-
rameters specify the experimental condition. We have set α3 = 1 w.l.o.g., since
pERK was not quantified experimentally. Rescaling of parameters is given by
the transformations

g̃ =
g

ERKTOT

k̃Fn = kFnERKTOT

k̃+2 = k+2 RafTOT

k̃+3 = k+3 MEKTOT

k̃+4 = k+4 MEKTOT.

In the following, to keep the notation as simple as possible, we will neglect
the tilde for the rescaled parameters, and therefore consider the obtained ODE
model ẋ = f(x, θ), x ∈ R4

+, with parameter vector θ ∈ R12
+ given by

θ = (k+1 , k
+
2 , k

+
3 , k

+
4 , k

−
1 , k

−
2 , k

−
3 , k

−
4 , kFn, kFp, g,K).

The coefficients αi account for the effect of different antibodies and their
binding affinities in the Western blot measurements. These are furthermore
additionally dependent on the particular experimental conditions and the spe-
cialties of the membranes. Thus, in order to enable a comparison across ex-
periments on different membranes, Western blot data are usually additionally
normalized to a reference condition. Following the data in Santos et al., we used
the states at t∗ = 5 min as the reference condition for each individual protein
for this purpose, and the model outputs were normalized accordingly:

z1(t) =
x1(t)

x1(t∗ = 5min)
=

pRaf(t)

pRaf(t∗ = 5min)

z2(t) =
x2(t)

x2(t∗ = 5min)
=

ppMEK(t)

ppMEK(t∗ = 5min)

z3(t) =
x4(t)

x4(t∗ = 5min)
=

ppERK(t)

ppERK(t∗ = 5min)
.
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These output variables are independent of the scaling factors αi, yet these
are needed to simulate the model output during the optimization. Here we chose
the interval [0, 4] to sample the alphas during the MCMC procedure.
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