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1. Equations

EnvZ ẋ1 = kadx2 − kapx1RL+ kd2x4 − kb2x5x1 − kb3 ∗ x6x1 + kd3x7

EnvZ − P ẋ2 = kapx1RL− kadx2 + kd1x3 − kb1x6x2

EnvZ − P.OmpR ẋ3 = −(kd1 + kpt)x3 + kb1x6x2

EnvZ.OmpR− P ẋ4 = kptx3 − (kph + kd2)x4 + kb2x5x1

OmpR− P ẋ5 = kd2x4 − kb2x5x1

OmpR ẋ6 = kd1x3 + kd3x7 − kb3x6x1 − kb1x6x2

EnvZ.OmpR ẋ7 = kphx4 − kd3x7 + kb3x6x1

lacZmRNA ẋ8 = αM
( x5
K5)

nl

(1+ x5
K5)

nl − γMx8

β −Galactosidase ẋ9 = αBx8 − γBx9

dye ẋ10 = αAx9

2. Parameters

Parameter Value Unit Name Source

kap 0.1 1
s

EnvZ autophosphorelation rate [1]

kad 0.001 1
s

EnvZ dephospholeration rate [1]

kb1 0.5 1
s

binding rate EnvZ-P & OmpR [1]

kd1 0.5 1
s

unbinding rate EnvZ-P.OmpR [1]
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Parameter Value Unit Name Source

kb2 0.05 1
s

binding rate EnvZ & OmpR-P [1]

kd2 0.5 1
s

unbinding rate EnvZ.OmpR-P [1]

kb3 0.5 1
s

binding rate EnvZ & OmpR [1]

kd3 5 1
s

unbinding rate EnvZ.OmpR [1]

kph 0.05 1
s

dephosphorelation rate EnvZ.OmpR-P [1]

kpt 1.5 1
s

phosphotransfer rate [1]

K1 5 nM response param. OmpR-P,lacZ guessed

αM
0.997
60

nM
s

max transcription rate lacZ [2]

αB
1.661e−5

60
1
s

max translation rate lacZ [2]

αA
20
60

1
s

enzymatic reaction rate [2]

γM
0.411
60

1
s

degradation lacZ mRNA [2]

γB
8.331e−4

60
1
s

degradation β-Galactosidase [2]

3. Initial Data

Name Variable Initial Value Comment Source

EnvZ x1
3500

0.60221
3500 molecules per cell [1]

EnvZ − P x2 0

EnvZ − P.OmpR x3 0

EnvZ.OmpR− P x4 0

OmpR− P x5 0

OmpR x6
100

0.60221
100 molecules per cell [1]

EnvZ.OmpR x7 0

lacZmRNA x8 0

β −Galactosidase x9 0

dye x10 0



3

4. Simulation

TBD

5. Attribution

The red light sensor was modeled according to the paper “Hysteretic and graded responses
in bacterial two-component signal transduction”[1]

The Expression of lacZ is an adaption of the model given by “Dynamics and bistability
in a reduced model of the lac operon”[2]
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