
S1 ODE system

The concentrations of all metabolites are combined in the vector m(t). The derivative of
metabolite concentrations ṁ(t) is calculated by the velocity of production deducting the
velocity of consumption:

m(t) =


s(t)
x1(t)
x2(t)
x3(t)
x4(t)
p(t)

 ṁ(t) =


0

v1(t)− v2(t)
v2(t)− v3(t)
v3(t)− v4(t)
v4(t)− v5(t)
v5(t)− vg(t)

 (1)

The substrate is considered to be buffered and therefore has a constant concentration of
s(t) = 1 (arbitrary units). The initial concentration of the product is p(0) = 1 and the initial
concentration of the metabolites xi(0) depends on their toxicity (see next paragraph).

The kinetics of the reactions are modelled by irreversible Michaelis-Menten kinetics with
the parameters kcat,j and Km,j and controlled by enzyme concentrations ej(t) as the control
variables:

v1(t) = e1(t)
s(t) · kcat,1
Km,1 + s(t)

vj(t) = ej(t)
xj−1(t) · kcat,j
Km,j + xj−1(t)

, j = 2, ..., 5

(2)

The dilution rate, vg, is a self-defined function with changing rates over time, described by
three rate factors g1...3:

vg(t) =


g1 = 0.3, t < 10

g2 = 0.5, 10 ≤ t < 20

g3 = 0.1, 20 ≤ t ≤ 30

(3)

or randomized with gi ∈ [0, 1] for robustness analysis.
The toxicity has also an influence on the initial concentrations of metabolites, since their

concentrations might exceed the toxicity threshold when arbitrarily set to one. Similar to
the original implementation, we assume intermediate concentrations to sum to 4 (arbitrary
units). For toxicity thresholds βi smaller than an initial concentration of 1, initial metabolite
concentrations are distributed equally over less toxic metabolites.
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