Abstract:

Title: Self-organized systemic interdependence of the makeup of genetic regulatory systems and 

variations of molecular decay rates 

Abstract short:

Genetic regulatory systems govern the activity and fate of cells and are responsible for the wide range of adaptivity of cellular organisms. Recently it has become clear that different cell types of the same organism differ in their molecular makeup. These differences 

effect the set of expressed agents, as for the proteome of the cell, but at the same time the decay-rates of regulatory molecules. We propose a model of regulatory dynamics which is not only capable of explaining the interdependency of the expressed molecular makeup of cells and the variations of molecular decay rates, highlighting the importance of molecular degradation mechanisms and pathways for understanding regulatory dynamics, but at the same time shows a number of important properties which are regularly exhibited in the phenomenology  of regulatory systems, such as self-organized critical dynamics. 

Abstract long:

Systemic properties of living cells result from molecular dynamics of biochemical agents governed by so-called (genetic) regulatory networks ((G)RN).

These networks capture all possible regulatory interactions happening in (and between) cells and are responsible for the immense levels of adaptation characteristic to living systems. At any point in time usually only subsets of these networks are active, which is to say that only subsets of all possible regulatory molecular agents are expressed and produce the regulatory characteristics (expression modes) of cellular organisms at some given point in time. 

These subsets of active networks can change over time or react to external influences, leading to the observed complex dynamics and adaptability of expression patterns. Understanding of this dynamics becomes increasingly important in systems biology and medicine.

While the importance of transcription rates and catalytic interactions have been widely recognized in modeling genetic regulatory systems, the role of degradation rates of biochemical agents (mRNA, protein) in regulatory dynamics remains limited.

Recently experimental data starts to suggest that there exist functional relations between mRNA, protein decay rates and expression modes. 

We propose a model for the dynamics of the succession of sequences of active sub-networks of the GRN which is able to reproduce key characteristics of molecular dynamics; including homeostasis, multi-stability, periodic dynamics, alternating activity, differentiability, and self-organized critical dynamics. 

The model allows to naturally understand the mechanism determining the functional

relation between decay rates and expression modes. The model explains recent experimental observations that decay-rates (or turnovers) vary between differentiated tissue-classes at a general systemic level and emphasizes the role of intracellular decay rate control mechanisms

in cell differentiation.
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