
Supporting Information S2

Model parameterisation

Seven parameter ranges are required; translation rate, mRNA degradation rate, protein degradation rate,
binding co-efficient (kA), Hill-coefficient, maximum transcription rate and basal transcription rate. Parame-
ters will vary between different systems and experimental conditions, and the ranges here are just intended
to be over plausible orders of magnitude.

• Translation rate: The range for translation rate was set as 1.67E−4s−1 - 1.17E−3s−1. This was taken
as a range around values used in the supplementary information from [1], which were on the order of
1E − 4.

• mRNA degradation rate: In [2] it is shown that about 80% of 4,288 transcripts analysed in E. coli
have half-lives of between 3 and 8 minutes. Using the relationship k = ln(2)

t1/2
for a first-order decay

equation, gives a range of 1.4E − 3s−1 - 3.85E − 3s−1

• Protein degradation: From [3], we found that half-lives for the λ transcriptional repressor DNA-binding
domain are 60 minutes, and 4 minutes with a specific sequence (termed an ssrA tag) at the carboxyl
end of the protein, that targets it for destruction by native E. coli proteases. This is used as the range,
with the same relationship as for mRNA degradation rates used to convert to rate constants.

• The binding co-efficient of the transcription factor to the DNA, kA: The ranges of values given in [4],
[5] and [6] suggest a range of 1E − 10M - 5E − 8M.

• Hill co-efficient: Between 1 and 2, fractions allowed.

• Maximum transcription rate: Limited by the maximum rate at which RNA polymerase can undergo
promoter clearance (approximately 1 per second [7]). The bottom rate is set at one transcription every
20 minutes, the approximate doubling time of an E. coli growing in preferential conditions. If one uses
the relationship that in the average E. coli, one molecule approximately corresponds to a concentration
of 1 nM, then this range is 0.00083 nM.s−1 - 1 nM.s−1

• Unrepressed transcription rate: Taken as the same as the range for the maximum transcription rate.

These ranges are summarised in table S1. Table S2 gives the parameters used for the investigation of the
frequency multiplier function with a weaker repressor binding affinity.
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Parameter Range
translation rate 1.67E − 4 s−1 - 1.17E − 3 s−1

mRNA degradation rate 1.4E − 3 s−1 - 3.85E − 3 s−1

protein degradation rate 1.93E − 4 nM.s−1 - 2.89E − 3 s−1

kA 1E − 10M - 5E − 8 M
Hill co-efficient 1 - 2. Fractions allowed.

maximum transcription rate 0.00083 nM.s−1 - 1 nM.s−1

Unrepressed transcription rate 0.00083 nM.s−1 - 1 nM.s−1

Table S1: Network parameter ranges

Parameter Value Units
Translation rate (ktl) 1E − 3 s−1

mRNA degradation rate (δm) 2.5E − 3 s−1

Protein degradation rate (δX) 4E − 4 s−1

Hill co-efficient (N) 1.2 scalar
kA for h+ ∼ 4.6E − 9 M
kA for h− ∼ 4.6E − 9 M

Maximum transcription rate (P1 and P2) (β) 4E − 10 M.s−1

Unrepressed transcription rate (P3-P6) (Ptc) 4E − 10 M.s−1

Table S2: Network parameters with equal binding strength for activators and repressors. Exact values for
both activator and repressor kA are 1.2

√
1E − 10.
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