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To understand the origins of life, we must first gain a grasp of the unresolved emergence of the first informational

polymers and cell-like assemblies that developed into living systems. Heating amino acid mixtures to their boiling point

produces thermal proteins that self-assemble into membrane-bound protocells, offering a compelling abiogenic route for

forming polypeptides. Recent research has revealed the presence of electrical excitability and signal processing

capacities in proteinoids, indicating the possibility of primitive cognitive functions and problem-solving capabilities. This

review examines the characteristics exhibited by proteinoids, including electrical activity and self-assembly properties,

exploring the possible roles of such polypeptides under prebiotic conditions in the emergence of early biomolecular

complexity. Experiments showcasing the possibility of unconventional computing with proteinoids as well as modelling

proteinoid assemblies into synthetic proto-brains are given. Proteinoids’ robust abiogenic production, biomimetic features,

and computational capability shed light on potential phases in the evolution of polypeptides and primitive life from the

primordial environment.
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In this review article, the aim is to offer a thorough summary of the existing research on proteinoids, while also sharing

significant experimental advances from the laboratory that contribute to the current knowledge. The article will explore the

history of prebiotic chemistry experiments on abiotic polypeptide formation and self-assembly, investigate the proposed

evolutionary mechanisms, and analyze the structure and function of these proto-biopolymers. The analysis will cover

experimental findings on proteinoids assembly, structure, and excitability dynamics, examining emerging activity patterns

including electrical signaling exhibited by these thermal polypeptide systems.

Thermodynamic Perspectives on Life’s Origins

The concept of non-equilibrium thermodynamics provides a framework for understanding how life may have originated

from abiotic chemical processes . Sidney Fox’s groundbreaking research showcased the spontaneous formation

of proteinoids and protocells in thermal environments, providing valuable evidence for the dissipative models of

biogenesis . Using thermal polymerisation of amino acids to produce protein-like microspheres capable of catalysis,

signalling, and self-assembly, Fox’s proteinoids mimic the characteristics of living cells . According to the theory of non-

equilibrium thermodynamics, life originated as a dissipative structure that was far from equilibrium and was driven by the

absorption of solar photons . Proteinoids are in line with this perspective because their synthesis involves using thermal

energy to produce organised biomolecular systems. The protocells that have been proposed function as photon

absorbers, thereby increasing the production of entropy. Proteinoids offer a thermodynamically feasible pathway to cellular

structures that are compatible with life, taking advantage of non-equilibrium conditions. Although there are still

unanswered questions regarding the environmental conditions necessary for protocell development, Fox’s proteinoids

provide a conceptual demonstration of how lifelike entities can spontaneously self-organize under thermodynamic forces.

The thermal production of proto-biopolymers and the subsequent assembly of protocells demonstrate possible

mechanisms that connect equilibrium and living states.

Requirements for Early Biomolecular Systems

Our understanding of the transition from prebiotic chemistry to organised, functional biomolecular systems capable of

evolution is rapidly advancing  but still limited. There are likely several key requirements that need to be fulfilled.

First, the ability to encode information into reproducible polymer sequences would have been essential . The RNA

world hypothesis suggests that RNA was the initial informational polymer . However, there are still uncertainties

surrounding the abiotic synthesis of RNA. Moreover, the presence of membranes would have facilitated

compartmentalisation, creating specific locations for reactions to occur and enabling selective permeability .

Amphiphilic molecules, such as lipids, possess the capacity to self-assemble and form vesicles that encapsulate other

molecules. Moreover, it is likely that thermodynamic forces played a crucial role in driving the self-organisation of networks

that became progressively more complex. Energy could have been supplied by geological and chemical gradients, while
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molecular assembly may have been facilitated by inorganic mineral surfaces. According to Pross and Pascal , the

presence of primitive molecular recognition, catalysis, and feedback mechanisms would have allowed for the development

of basic metabolism, responsiveness, and growth dynamics. The thermal proteinoids concept developed by Sidney Fox

effectively meets several of these criteria . The process of polymerisation from amino acids, followed by self-assembly

into membrane-bound protocells, and the resulting lifelike chemical properties provide valuable insights into the formation

and functioning of the earliest peptide-based biomolecular systems . The upcoming sections will discuss

proteinoids as models for the abiotic polypeptides that could have formed the informational and compartmental

infrastructure of early life.
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