Text S6

More on “reverse” stimulus-response curves

To further explore the possibility of having reverse stimulus-response
curves with realistic parameters, we selected another three sets of pub-
lished parameters, different from the one studied in the main text, but still
corresponding to the MAPK signaling pathway [Huang and Ferrel (1996)].
We denote these sets of parameters as “K”, “L” and “B/I”, respectively
([Kholodenko (2000), Levchenko et al (2000), Bhalla and Iyengar (1999)]),
(in honor of the initials of the authors of the papers from where they derive).
As depicted in Fig. 7A in the main text, we will consider a 3-unit chain in-
volving only single-phosphorylation. Table S6.1 summarizes the parameters
involved in the reduced mechanistic description for each set.

Set-Unit | € n 1 K K’
K—-1 0.5 1 10 0.1 | 0.08
K -2 0.17 0.33 | 0.03 | 0.05 | 0.05
K -3 0.17 1 0.05 | 0.05 | 0.05
L—-1 1 0.67 | 1 1.67 | 4
L—-2 1 1.5 1 0.76 | 0.45
L—-3 0.75 05 |1 0.09 | 0.25
B/I—1 |0.11 0.5 | 0.67 | 333 | 78.25
B/I -2 |0.12 1.11 | 0.02 | 0.88 | 89.94
B/I—3 |0.0089 | 0.5 | 0.15|0.13 | 0.18

Table S6. 1: Different sets of parameters for the MAPK cascade derived
from three different papers [Kholodenko (2000), Levchenko et al (2000),
Bhalla and Iyengar (1999)].

Fig. S6.1 a) was obtained with the set of parameters K [Kholodenko (2000)].
Since the concentrations of the phosphatases are not specified within this
set, we chose them in order to have relatively low values of ¢;, as indicated in
Table S6.1. The input stimulus to the cascade was taken, in this example to
be the concentration of E! ., the total amount of phosphatase for the middle
unit in the cascade. Similarly to what was explained in Fig. TA, increasing
the amount of phosphatase produces a decrease in the response curve y3
(filled blue line), as expected. Both the mechanistic and the reduced mech-
anistic models predict that this perturbation on the second level produces
an effect on the first level as well: y] is decreased by the increased demand
of yo. The predictions of the GK-like model are also included in the figure.
The inset indicates that a small variation in the control parameter, Ef, is
able to produce a robust 20% change in yj.

Fig. S6.1 b) exhibits the results from using the set of parameters named
L [Levchenko et al (2000)]. For this particular set, and probably due to



the relatively high values of ¢; (see Table S6.1), the agreement between
the mechanistic and reduced mechanistic models is not perfect. We then
show, for the sake of clarity, only the results of the mechanistic models
(dashed lines) and its comparison with the predictions from the GK-like
model (dotted lines). The input stimulus to the cascade was taken to be
the concentration of Ysr, the total amount of protein for the last unit in
the cascade. This perturbation on the third level produces effects on all the
levels in the cascade, as indicated in the figure.

Finally, Fig. S6.1 ¢) was obtained with the B/I set in Table S6.1 (this
set results from modifying the published set [Bhalla and Iyengar (1999)]).
Using the published set of parameters and perturbing only parameters re-
lated to concentrations, we could not produce significant reverse stimulus-
response curves. We then reduced the concentration of phosphatases one
order of magnitude with respect to the published values. With this change,
we get a perfect agreement between the mechanistic and reduced mechanis-
tic models and a large effect in level 2 when stimulating level 3. The input
stimulus to the cascade was taken to be the concentration of EZ;. and the
results are qualitatively similar to those shown in Fig. 7TA. The inset indi-
cates that a small variation in the stimulus is able to produce a 40% change
in y3.

By way of summary, Fig. S6.1 illustrates that the existence of reverse
stimulus-response curves is widespread and it could be obtained for very dif-
ferent sets of parameters and different stimulation. Moreover, as indicated
in with Fig. S6.1 b), it does not require that the system operate in a regime
where the reduced mechanistic model is valid. Interestingly, if the param-
eters in the system are such that there are not reverse responses, a proper
manipulation of these parameters can introduce this property in the cascade,
as shown in Fig. S6.1 ¢). A more systematic study on how to introduce or
remove the reverse response property in a cascade and its applications, is
the subject of our current studies, as was mention in regards to Fig. 8B in
the main text.
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Figure S6. 1: “Reverse” stimulus-response curves for a 3-unit chain involving only
single phosphorylation. The parameters in a), b), and ¢) are those indicated as
sets K, L, and B/I, respectively, in Table 3. The input stimulus is given by Ej
in a), Yar in b), and E4; in ¢), and denoted by a red arrow. The responses were
obtained with both the mechanistic and the reduced mechanistic descriptions in a)
and c¢), and with only the mechanistic one in b). GK-like model predictions are also
included. Insets show enlarged detail of the respective figure.



