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SST- 14 Regulation of Material Constraints & The Emergence of Living
Systems

INCREASING ORGANIZATION
AND CONTAINMENT

SIMPLE AUTOCATALYTIC LIPID VESICLE EARLY CELL
MOLECULES REACTIONS

On the early Earth, chemical reactions occur continuously.

Molecules collide, combine, and break apart. Energy flows through the environment, driving change.
Yet most of these processes are short-lived. Reactions occur and then disperse, their products
carried away or broken down.

Over time, some reactions begin to reinforce themselves. Certain combinations of molecules make it
easier for similar reactions to occur again. These processes persist slightly longer, but they remain
fragile, easily disrupted by changing conditions.

Then a further development occurs. Some of these reactions become enclosed within simple
boundaries, small, membrane-like structures that hold their components together. What was once
dispersed is now contained. Reactions occur within a protected space.

Within these boundaries, new processes emerge. Systems begin to take in materials from their
surroundings and transform them in ways that sustain their own organisation. For the first time,
persistence is no longer accidental. It becomes organised.

This marks the beginning of living systems.

Formal Description

Material constraints arise from physical, energetic, and environmental conditions that define the
requirements for system viability.

Early systems faced fundamental material constraints, including dispersion, energy dissipation, and
environmental fluctuation, which limited their persistence.

The emergence of catalysis, autocatalysis, and autocatalytic sets reduced constraints on chemical
processes, enabling more persistent organisation.
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Compartmentalisation further altered constraint configurations by maintaining the proximity of
interacting components and reducing environmental disruption.

The emergence of metabolism introduced active regulation of material constraints through the
acquisition and transformation of external satisfiers, giving rise to needs as an intrinsic feature of
viability.

These developments represent successive improvements in constraint regulation, enabling
increasingly stable and persistent systems.

Plain English Explanation

At the most basic level, systems are constrained by the physical world: energy is lost; materials
disperse; and conditions change. These factors make it difficult for organised systems to persist.
Early chemical systems had no way of controlling these conditions. Reactions happened, but they
did not last. For a system to persist, something had to change.

The first step was the emergence of processes that made certain reactions easier to sustain.
Catalysis allowed reactions to occur more readily. Autocatalysis allowed reaction networks to
reinforce themselves. These developments made persistence more likely, but still fragile.

A major shift occurred with the emergence of boundaries. When processes became enclosed within
structures such as simple membranes, the components of the system could remain together. This
reduced the effects of environmental disruption and allowed processes to continue more reliably.
The next major step was metabolism. Systems began to actively take in materials and energy from
their surroundings and transform them in ways that sustained their organisation. At this point,
persistence depended on ongoing access to specific inputs. Needs emerged because the system
could no longer continue without them.

Living systems can therefore be understood as systems that actively regulate material constraints.
They do not simply exist within their environment; they manage their relationship with it in order to
persist.
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SUCCESSIVE EMERGENT PROPERTIES

Example 1 (Catalysis)
Certain chemical reactions occur more easily in the presence of catalysts. This reduces constraints
on reaction rates and allows processes to continue more reliably.
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Example 2 (Compartmentalisation)

A lipid vesicle forms a simple boundary that holds chemical components together, reducing
dispersion and stabilising reactions.

Example 3 (Metabolism)

A living cell takes in nutrients and converts them into energy and structural components, actively
maintaining its organisation.

Provenance and Links
This module draws on:
e Non-equilibrium thermodynamics, particularly Ilya Prigogine, which explains how organised

systems persist under conditions of energy flow.

e The theory of major evolutionary transitions developed by John Maynard Smith and Edrs
Szathmary, which describes the emergence of new levels of biological organisation.

e Research on autocatalytic systems and the origins of life, including Stuart Kauffman.

e General systems theory, including Ludwig von Bertalanffy, which emphasises open systems
and exchanges with the environment.

This module interprets these developments as successive improvements in the regulation of material
constraints required for system viability.

Practical Exercise
Consider a simple living system (e.g. a plant cell or bacterium).
Explain:

1. What material constraints affect this system?

2. How does the system regulate these constraints?

3. What needs arise as a result of this regulation?
Write a short paragraph (6-8 sentences).
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