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Description:

Every cell in your body constantly re-
ceives signals from its environment and
must decide: survive, or die. These de-
cisions are governed by molecular sig-
nalling networks that function like bio-
logical switching circuits, routing incom-
ing signals toward one of several possible
outputs. When these switches malfunc-
tion, the consequences range from cancer
to chronic inflammatory disease. In this
project, you will use computational mod-
elling to decode one such decision-making
circuit: the signalling network activated by the cytokine TNF, which
can drive a cell toward survival, orderly self- destruction (apoptosis),
or a form of cell death that triggers inflammation (necroptosis). A
defined network topology and experimental benchmark data are pro-
vided. Further project-relevant background will be covered by selected
lectures from the Stress, Death, and Disease module that runs in par-
allel to the project. Originating from SimTech, the project also aligns
with the DFG Graduate School EpiSignal at the University of Stuttgart.

Objectives:

¢ Boolean network modelling: Formalise the provided TNF sig-
nalling network by a probabilistic Boolean simulation approach
and perform attractor analysis to determine whether the network
topology can reproduce the three known biological outcomes: sur-
vival, apoptosis, and necroptosis.

e Sensitivity analysis and parameter estimation: Identify
which network components and logical parameters most strongly
influence the predicted cell fate, and refine the simulation approach
against available experimental data to assess its predictive quality.

e Translational interpretation: In collaboration with collabora-
tion partners of the host teams, translate simulation outputs into
biologically and medically meaningful predictions. For example,
identifying nodes whose perturbation could shift the balance be-
tween cell survival and cell death in a disease context.

Supervisors:

Prof. Dr. Markus Morrison
Prof. Dr. Nicole Radde
Jenny Geiger

Georg Bail

Area:

Boolean network modelling
Cell Death Regulation

Contents:

15 % Literature review
20 % Modelling

20 % Implementation
25 % Model calibration

20 % Simulation and Analysis

Requirements:

Interest in an interdisciplinary
project at the interface of sim-
ulation science and biology,
basic programming knowledge
(Python) and motivation to

learn and apply new methods

Start:

As soon as possible

Further Information: markus.morrison@izi.uni-stuttgart.de
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