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Figure S4: Behavior of a non-functional cascade. (A) Transfer curve of a cascade where as
more elements are added, network output becomes flatter. (B) CVs as a function of the
number of protein instances per cell. There is no correlation between the number of stages
and CVs unlike what was discovered for functional cascades above.

Figure S4 shows one example of a cascade that did not meet our criteria from above,
where the following values were used: binding, 0.02 nM−1 min−1; protein half life, 70 min;
dimerization, 0.03 nM−1 min−1. Here, additional stages result in decreases in the Hill co-
efficients and in the differences between low and high outputs. Correspondingly, there is
no noticeable noise increase in the intermediate aTc region for longer cascades. While these
parameter values result in cascades that in the limit are not functional, they may still be
useful within the context of short cascades in natural biological systems.

S.4 Fine tuning cascade behavior with an additional inducer

Modifying the characteristics of the cascade dynamically through additional control mech-
anisms can be advantageous, for example in order to change the sensitivity or halt signal
propagation. This can be achieved by reducing the DNA binding affinities of transcription
factors using small molecules or by protein-protein interactions. In our system, isopropyl-
beta-D-thiogalactopyranoside (IPTG) binding to LacI exerts such control. We first used the
model to assess whether IPTG interference with LacI repression would modify circuit de-
lays. The model predicted that moderate IPTG concentrations would postpone the low to
high transition (Figure S5A) and expedite the high to low transition (Figure S5B). These
model predictions correlated well with experimental results where we were able to fine-tune
circuit dynamics (Figures S5D and S5E). The addition of IPTG also affects the steady state
transfer curve, shifting it towards higher aTc levels until the circuit becomes non-functional
(Figures S5C and S5F). Moderate concentrations of IPTG decrease the binding affinity of
LacI to Plac, and therefore more LacI is required to achieve the same effective level of repres-
sion. Ultimately when IPTG levels are high, LacI cannot repress Plac, and CI levels remain
elevated regardless of aTc concentrations.

Excess LacI also provides an opportunity to fine-tune circuit response times, i.e. addition
of IPTG results in faster high to low transitions but increases the low to high transition

3


