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Abstract 

The cooperativity and nonlinear dynamics are among the fundamental characteristics 

of life. Haemoglobin oxygen binding, actin polymerisation, microtubule dynamic assembly, 

and Ca2+ ion channels are a few assembly-coupled cooperative phenomena in living systems. 

Natural enzymes rely on the supramolecular environment and non-covalent interactions for 

their function; however their tuning and application under robust conditions remain 

challenging. To date, only a limited number of studies explored a dynamic metal-coordinated 

system coupled to supramolecularly regulated enzyme-like functions. Inspired by such 

principles, we investigated enzyme-like catalysis in copper-tyrosine self-assembled networks 

(CuYs) as a model system for coordination-driven nonlinear catalytic regulation. The structural 

organisation of CuYs supramolecular structures was comprehensively characterised using 

analytical and theoretical techniques. Further, the Michaelis-Menten parameters and the 

nonlinear dynamics were studied using the o-phenylenediamine oxidation reaction, 

demonstrating peroxidase-like catalytic activity. Finally, the CuY system showed an EDTA-

dependent reorganisation, resulting in a nonlinear response, as demonstrated by experimental 

observations and supported by molecular dynamics simulations. The emergence of enzyme-



like function and coordination-driven adaptability in a minimal non-proteinaceous metal-

ligand assembly provides a potential prebiotic link between inanimate matter and living 

chemical networks, opening new avenues for designing life-like functional systems. 
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