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In cells, the most complex and important actions are performed by nanomachines — such as the ribosomes 

that drive protein synthesis. These nanomachines are genuine, performing repeated energy-driven cycling 

between distinct states and actions. In these cycles, an energy-downhill process drives an energy-uphill one. 

Due to this two-component linkage, some cycles serve as transducers, converting one type of action to 

another, often involving a change of "currency" (different molecular types, forces, energies, gradients). 

Biology's transduction is implemented through allostery, wherein the binding of a molecule at one site on a 

protein or nanomachine alters the binding or other activity at a different site. We hypothesize that the 

concept of allostery extends beyond remote modulation within a protein and can couple distant processes 

within the cell. Specifically, ionic flux and partitioning could couple different nanomachines to orchestrate 

cellular mechanisms, a concept we term IonicAllostery. In this context, we will present a new framework 

based on a novel hypothesis and biological concept for the role of ionic interactions in coupling different 

processes through IonicAllostery. Our approach involves integrating molecular models with cellular-level 

models to determine whether competition for a limited and dynamic pool of inorganic metal ions can lead to 

unexpected long-range interactions between different nanomachines.
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