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Ẋ = kxU − γxX
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Ẋ = 0 =⇒ X̄ =

kxU

γx
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Ẋ = kxU − γxX
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Ẏ =
kyU

1 +X/κ
− γyY



Negative Feedback: Autoregulation

maurice.filo@bsse.ethz.ch (ETHz) Examples Session November 27, 2020 4 / 8

Gene X

X

Plasmid
(Input U)

Output
Protein



Negative Feedback: Autoregulation

maurice.filo@bsse.ethz.ch (ETHz) Examples Session November 27, 2020 4 / 8

Gene X

X

Plasmid
(Input U)

Output
Protein

No Feedback:
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Ẋ = kU

1+X/κ − γX
˙̃X = −

(
γ + kU/κ

(1+X̄/κ)2

)
X̃



Steady State Robustness WIth Negative Feedback

maurice.filo@bsse.ethz.ch (ETHz) Examples Session November 27, 2020 5 / 8

Gene X

X

Plasmid
(Input U)

Output
Protein
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Ż2 = θXL − ηZ1Z2

Integral Action:



Integral Action

maurice.filo@bsse.ethz.ch (ETHz) Examples Session November 27, 2020 7 / 8

X1 XL
...

Z1 Z2

∅

∅ ∅

∅

Disturbance

Regulated
Output

µ

AIF Controller

Controlled Network

η

θXL

Actuation Sensing

Controller Dynamics:

{
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Controller Dynamics:

{
Ż1 = µ− ηZ1Z2

Ż2 = θXL − ηZ1Z2

Integral Action:

Ż1 − Ż2 = µ− θXL =⇒ Z1(t)− Z2(t) =

∫ t

0

(
µ− θXL(τ)

)
dτ

=⇒ Setpoint: X̄L = µ
θ
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µ

AIF Controller

Controlled Network

η

θXL

Actuation Sensing

Controller Dynamics:

{
Ż1 = µ− ηZ1Z2

Ż2 = θXL − ηZ1Z2

Integral Action:

=⇒ Setpoint: X̄L = µ
θ

Ż1 − Ż2 = µ− θXL =⇒ Z1(t)− Z2(t) = θ

∫ t

0

(µ
θ
−XL(τ)

)
dτ
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Controller Dynamics:

{
Ż1 = µ− ηZ1Z2

Ż2 = θXL − ηZ1Z2

Integral Action:

=⇒ Setpoint: X̄L = µ
θ

Ż1 − Ż2 = µ− θXL =⇒ Z1(t)− Z2(t) = θ

∫ t

0

(µ
θ
−XL(τ)

)
dτ
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