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Table S1: Model parameter values

Parameter Parameter Description Value
na (Raj et al, 2006) rtTA mRNA degradation rate 18 /hr
ne (Raj et al, 2006 GFP mRNA degradation rate .18 /hr
04 rtTA protein degradation rate .03/hr
d¢ (Corish and Tyler-Smith, 1999) | GFP protein degradation rate .03/hr
ay rtTA basal transcription rate 1/hr
fa%e; GFP basal transcription rate 1/hr
Ba rtTA translation rate 3/hr
Ba GFP translation rate 3/hr
n (Kramer and Fussenegger, 2005) | Hill coefficient 2

f fold-induction of transcription 30
K, Michaelis constant .08
S doxycycline concentration 0 to 1 pug/ml




Deterministic model of the synthetic positive feedback network

The deterministic model of the synthetic positive feedback network consists of the
following four ordinary differential equations describing the levels of rtTA mRNA (m4),
rtTA protein (A), GFP mRNA (m¢), and GFP protein (G):

- O‘f“(ll:(g;gjm —NamaA (S1)
A= Bama —04A (S2)
G = fama — 66G (S4)

where a4 and ag represents the basal synthesis rates of A and G respectively, (G4
and (g represent the protein production rates of A and G respectively, f represents
the fold-difference between basal and fully activated synthesis, n represents the Hill
coefficient for activator dimers binding to tet operator sites, n4 and ng represent the
mRNA degradation rates of A and G respectively, 04 and dg represent the protein
degradation rates of A and G respectively, and K, represents the association constant
of the activator which is determined by the doxycycline concentration (S) via K, =
S/(Ks+S). Note that the region of bistability determined using the deterministic model
is in good agreement with the region of bistability determined using the stochastic
model (Fig. S1).

For the no-feedback simulation results shown in Fig. S2, the same four ODEs are
used but the term for autoregulated rtTA mRNA transcription in Eq. S1 is replaced
with the term (a4) for constitutive rtTA mRNA transcription:

A = Qg — Nama (S5)
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Fig. S1: Steady-state GFP expression levels versus dox concentration determined
using the deterministic model (blue) and using the stochastic model (red). Steady-state
GFP expression levels for the stochastic model were determined from 50 simulations

for each dox concentration
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Fig. S2: Steady-state GFP expression levels versus dox concentration for the positive

feedback system (red) and for a no-feedback system with constitutive rt TA expression

(blue)
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Fig. S3: Model equilibration period. mRNA and protein levels were initialized to their
basal steady state values at t=0 and the simulations were run for 50 hours with no dox
(S =0). (A) GFP levels for 50 individual runs of the stochastic simulation during the

model equilibration period. (B) The coefficient of variation (CV) for 50 simulations
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Fig. S4: Dynamic behavior of the synthetic network with different basal rtTA tran-
scription rates. The plot shows ten typical runs of the stochastic simulations with S

set to .1 ug/ml dox at ¢t = 50 hrs for ay = .15 (A), as = .11 (B), and ay = .09 (C)
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