Exercise 3
1. Logicgates

What is the logic gate output of the following network given the input in the table below?

XY Z W

output
X Y VA W OUTPUT
ON ON ON ON
ON ON OFF OFF
OFF ON OFF ON
ON ON OFF ON

2. Simulation of C1-FFL

The model below describesatype | coherent feed-forward loop with an AND gate at the Z promoter.
The AND gate is approximated by the product of the input of X (Sx) and the input of Y (activating hill
function with hill coefficient n=2and half-saturation constantk)

y'[t] == Sx* B —a xylt]

&)
z'[t] == B *Sx *k—z—a * z[t]
(4]

a. Simulate dynamics of this model computationaland show that there is a delay in the
response of zupon on switch. Sx is the signal activating X, which can be 1 or 0. Assume for
simplicity that all degradation and production ratesare 1. Usek = 1.

b. Changek to valuesotherthan 1and explainin words whatyou observe.

How do you have to change the modelequations to representa C1-FFLwith positive
autoregulationon y?




3. Non-monotonicinputfunction
The following model describes an incoherent FFL

y' == Sx*p - oty
z! == Sx*B /(1+(y/k)"2) - a*z

For mathematical simplicity, assume: =1, o=1, k=1.

a. Plotzasafunction of Sx from Sx =0 to 10.

b. Calculate the activation signal Sx at which the steady-state of Zis maximal.

Hint: calculate steady-state of zas a function of S,, then find the maximum of z with
respectto S, (where the first derivative of z with respectto S, is zero: dz/dS,= 0). You
can do this by hand with pen and paper, or using algebraic functions of Mathematica, or
any othertool you like.



