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Project Description

Biochemical signalling is a key mechanism to coordinate an organism in all aspects of its
function. In multicellular organisms like the human body trillions of cells, of multiple different cell
types communicate with each other by releasing a thousand types of molecules such as hormones,
growth factors, cytokines, or chemokines. Aberrations in signalling processes may have detrimental
consequences whereas therapeutic interventions in signalling have led to numerous success stories
of modern pharmacology. Mathematical methods of information theory and probabilistic dynamical
modelling constitute natural tools to describe how information flows in signalling pathways and
how stimuli are encoded in activities of the pathway’s effectors. Specifically, the informationtheoretical notion of channel capacity expresses the overall amount of information that can flow
through a given system. A system for which the information capacity is equal to C bits can, based
on Shannon's coding theorem, be interpreted as having signalling fidelity sufficient to derive 2^C
distinct responses from different levels of stimuli. The main goal of the project will be to improve
our understanding how cellular signalling processes can derive a variety of distinct outputs from
complex inputs, and how these mechanisms can be harnessed to induce therapeutically useful
behaviour. Current tools of information theory are applicable for very small systems only and have
therefore limited use in modelling of biological systems. To overcome this limitation a novel
analytical and computational tools of mathematical information theory are required, which are
suitable to reflect the complex biochemistry of signalling processes. We will make use of concepts
developed in our group as reported in papers listed below.
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