
Supporting Text 2: Determination of kinetic pa-

rameter values

The parameters of the model can be grouped into three categories: protein con-
centrations, binding/dissociation rate constants, and rate constants of phosphory-
lation/dephosphorylation. Since most of the model parameters has not been deter-
mined experimentally, we parametrized the molecular network by asking for which
sets of parameters the network is functional in terms of (1) ensuring efficient and
coherent firing of the replication origins and (2) preventing rereplication. Optimized
parameter sets have to fulfill the following conditions:

(i) Minimal duration of origin firing ∆.

(ii) Total fraction of firing origins above 95%.

(iii) Number of rereplicating origins per cell-cycle below 0.01.

We fixed the protein concentrations (Supporting Table 1), and the kinetic param-
eters of the licensing and S-Cdk-activation module (Supporting Table 2) according
to experimental data (Ghaemmaghami et al, 2003). The kinetic parameters of the
11-3-2 activator and firing module (Supporting Table 2) were optimized within bio-
chemically reasonable ranges:

binding rate constants k
on
∈ [103, ... , 106] M−1s−1

equilibrium dissociation constants Kd ∈ [10−8, ... , 10−5] M

phosphorylation rate constants α ∈ [0.01, ... , 1] s−1

dephosphorylation rate constants β ∈ [0.05, ... , 5] s−1

For binding rate constants of protein-protein and protein-DNA interactions, a
range of values somewhat below the theoretical difussion limit was chosen, off-rate
constants were adjusted as to obtain characteristic micromolar to nanomolar disso-
ciation constants (Gabdoulline & Wade, 2001). Measured reaction times for pro-
tein phosphorylation and dephosphorylarion are usually in the second-to-subsecond
range, with phospho-transfer reactions being somewhat slower than cleavage of phos-
phate groups (e.g. Shaw et al, 1995; Okamura et al, 2004).

For several protein binding steps in the sequence of replication complex assem-
bly, dissociation reactions were quasi neglected under the assumption that the sub-
sequent step occurs more rapidly than dissociation. Thus, five reactions (steps 12,
13, 14, 21 and 22) were assumed to be almost irreversible and the dissociation rates
k
−12, k−13, k−14, k−21 and k

−22 were fixed to 0.005 s−1 to facilitate the optimization
procedure. The model parameters were optimized on a logarithmic scale within
these ranges to allow parameter values that are equally distributed over the allowed
orders of magnitude. The optimization procedure was implemented in Mathematica
7.0 using the ”NMinimize” function and the ”DifferentialEvolution” method. The
optimization routine was run 184 times using different seeds in the random number
generator and fixing the number of iterations in order to limit the time spent for the
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search of a single parameter set. The program was not able to identify an optimized
parameter set in each run, instead we obtained 109 admissible parameter sets that
fulfill our criteria but show somewhat different firing kinetics with respect to the de-
gree of coherence and the mean firing time. The distribution of kinetic parameters in
the admissible sets is shown in Supporting Figures 1 and 2 and the mean values and
standard deviations of all optimized parameter sets are listed in Supporting Table 3.

In Figure 4A and B of the main text, the initial protein concentrations listed
in Supporting Table 1 and the kinetic parameters listed Supporting Table 2 were
used in to simulate the initiation of DNA replication under normal conditions. The
situation with a slow degradation of Sic1 (Figure 4C and D of the main text) was
realized by a 100-fold reduction of the degradation rate of Sic1 (δ27) to 0.01 1/sec.
To reflect the conditions in the ∆Sic1 mutant (Figure 4E and F of the main text),
the initial concentration of Sic1 was set to zero and at the same time the initial
concentration of S-Cdk was halved corresponding to 300 molecules per nucleus. The
situation in experiments by Zegerman & Diffley (2007) and Tanaka et al (2007)
(Figure 4G and H of the main text) was realized by setting the degradation rate of
Sic1 (δ27) to zero and additionally introducing an initial number of 200 molecules
of the 11-3-2 activator complex (variable C3 in the differential equations) into the
mathematical model.
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