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Mathematical Theory

Inducer and regulation protein binding

An inducer molecule S binds regulation protein R and activates it. Given that the total

regulatory protein level is RT, n molecules of S0 (initial concentration of inducer) bind R to

become R*, whilst the unbound is Ru. According to the conservation law,

R*+Ru=RT (1)

Now consider two processes: R* formation and R* dissociation.

In R* formation, R* is formed due to collision of R and n molecules of S0 (if S0 is not degraded,

it will be constant),

The collision rate = konRuS0
n (2)

where kon is the binding constant of substrate S to R.

R* dissociation: R* dissociates from inducer molecule S to form R,

where the dissociation rate = koffR* (3)

and koff is the dissociation constant of substrate S to R.

The net change of R* can be described as
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When the equation is solved, R* at time t is,
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where Rst* is at the steady state,
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Kx is the dissociation constant and n is the Hill coefficient; n is 1~6.

In many cases, the binding of molecule S and regulation protein R can reach equilibrium within

milliseconds, so R*=Rst*.

Input function of regulated gene (activator)

In the case of activation, gene expression in SimCells or cell induction in PBS,
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Since there are limited resources to express proteins in SimCells and cell induction in PBS, we

add a term to slow down the promoter activity. Protein (e.g. GFP) production rate can be

described as,
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where αd= decay constant of protein production, due to the depletion of resources and energy

in PBS and SimCells.
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P: GFP unit, βm , is the maximal transcriptional rate, usually in the range of 10-4~1 unit/s 1; it

is a combined parameter that includes the copy number of the gene circuit, physiological states,

and the ratio between the number of GFP proteins and reading unit. Parameters used in the

simulation of arabinose induction are summarised in Table S1.



Table S1: Parameters used in simulation of arabinose induction

Parameters Value Note and Reference
Intracellular concentration of
regulatory protein

5×10-7 M 500 proteins per cell, given
1/cell volume=1 nM 1

Inducer (arabinose) and
regulation protein (araC)
dissociation constant Kx for
interaction between inducer
(arabinose) and regulatory
protein (araC)

4×10-4 M 2

Hill coefficient for inducer
and regulation protein

1.3 araC is homodimer 3

Regulation protein and
promoter dissociation
constant Kd

3×10-10 M 4

Degradation and dilution
constant α 

1.73×10-2 (min-1) Doubling time t1/2 = 40 min,
α=ln2/t1/2

Production decay rate due to
running out of fuel in
SimCells αd

5 ~ 8.33×10-3 (min-1) Arabinose can be used as an
energy source, so the higher the
concentration of arabinose, the
lower the decay rate

Maximal transcriptional rate
βm in SimCells 

14 (GFP unit min-1)* The range of transcription rate
is 6×10-3 -60 mRNA/min 1

Measurement baseline in
SimCells

8400 (GFP unit)

Production decay rate due to
running out of fuel in Cells in
PBS αd

1.25 ~ 1.67×10-3 (min-1) Arabinose can be used as
energy source, so the higher the
concentration of arabinose, the
lower the decay rate. The decay
rate is smaller as cells in PBS
are larger than SimCells

Maximal transcriptional rate
βm in cells in PBS  

42 (GFP unit min-1)* The range of transcription rate
is 6×10-3 -60 mRNA/min 1

Measurement baseline in
cells in PBS

4400 (GFP unit)

Note: *GFP unit is instrument reading of GFP not, protein numbers.
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Figure S1. E. coli MC1000 parent cell and minicell. (A) A snapshot of parent cells producing
SimCells. (B) unpurified and induced pCdaR SimCells with parent cells (C) Uniformity of
purified SimCells stained by SYTO 9 green fluorescent nucleic acid stain.
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Figure S2: Plasmid maps of A) pBAD, B) pCdaR and C) pAcuR



Figure S3. Growth curves of parent cells during the induction in PBS over time, OD at
600nm (n=4). Error bars denote one standard deviation above and below the mean. (A)
pCdaR induced by glucarate. (B) pAcuR induced by acrylate. (C) pBAD induced by
arabinose.
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Figure S4. Induction of pCdaR parent cells in PBS over time, as determined by GFP
fluorescence per unit OD at 600nm of cells in serial dilution (n=3). Cells quantified by plate
count method (n=3). Induction ratio of induced cells was significantly different from the
control (p<0.05) until dilution reached 7×107 cells/ml. Cell population less than 7×106

cells/ml has no detectable GFP activation. Error bars denote one standard deviation above
and below the mean.



Figure S5. Growth curves of purified SimCells during induction in PBS over time as
measured by OD at 600nm (n=4). Error bars denote one standard deviation above and below
the mean. Graphs show (A) pCdaR induced by glucarate. (B) pAcuR induced by acrylate. (C)
pBAD induced by arabinose.
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Figure S6. The delayed response of arabinose induction in E. coli MC1000 with pBAD

plasmid was related to cell growth in LB as shown by (A) the induction response curve over

time and (B) the OD 600nm growth curve. Error bars represent one standard deviation above

and below the mean (n=4). Line at 160 minutes represents the point at which the initial rapid

rate of cell proliferation decreases, which corresponds with the increase in GPF production.
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Figure S7. Induction of 200-day-old pAcuR SimCells by acrylate in PBS over time, as

determined by GFP fluorescence per unit OD at 600nm. Samples were stored at 4 ºC in

centrifuge tubes.
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