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Abstract
A Topology-based Model for Intracellular Signaling and Control Linking to Epigenetic Phenomena with specific remarks on cellular differentiation, tissue regeneration and immune system sustenance
MJD

A speculative model is presented as the basis for answering some questions pertaining to the instantiation and triggering of epigenetic actions including histone-binding regulation of DNA.  The model is based upon the hypothesis that cellular surface actions analogous to massively parallel systolic computations (“surface computing”) effect and modulate communications via actin and intermediary filaments, including mechanotransduction effects, to the microtubulin-based cytoskeleton and that the structure dynamics of the cytoskeleton act as both a molecular memory bank or accumulator, modifying over time as a result of continued signaling from such cell surface processes and changes in cytoplasmic chemical balances and constituency as a result of the influx of molecular agents through the membrane.  Thus the cytoskeleton is viewed as an intermediary active process in the “computation” (akin to summation and weighting of a simple feed-forward network, as in the calculation of local minima and maxima) that translates cellular membrane measurement events pertaining to the presence or absence of neighboring cells, antigen interaction, and the presence or absence of nutrients and other factors relevant to cell equilibrium, into discrete signals that result in epigenetic actions within the chromosomal bodies that in turn translate into genetic switching.  In the simplest formulation, the model suggests that (a) epigenetic actions are influenced and triggered by boundary measurements initiating with the cell membrane acting as a massive sensor of extracellular and cell-entrant events, (b) that the accumulative interactions of the cell membrane with its surface neighborhood, including penetrating agents such as antigens and viral bodies, are communicated into dynamic conformational changes in the cytoskeleton, and (c) that these conformations regulate the activity of epigenetic agents affecting histone binding and methylation which are the mechanisms for controlling the transcription of specific genes.

This model is then considered as a basis for a common mechanism of communicating measurements of extracellular conditions to a genetic activation process.  Such extracellular measurements are those that indicate the presence or absence of particular biological entities – foreign (bacterial, viral) entities and same-type cells or adjoining-type cells and are effected by cellular surface computations performed principally through phospholipid membranes.  The information is posited to pass through intermediary filaments to the cytoskeletal network, triggering activation or deactivation of various histones and methylating agents which in turn are responsible for gene expression of a form that regulates cell growth and differentiation.
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