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Section 6 Prebiotic Emergence: From Chemistry to BMIR Closure 

 

6.1 The Closure Threshold 
The previous sections established that biological material is not necessarily life. DNA, proteins, 
membranes, enzymes, dead cells, and viruses outside a host may each possess biological structure or 
biological function, but none of them alone constitutes a living system. This prepares the central 
question of prebiotic emergence: when does chemistry become life? 

CUWF answers this question through the concept of a closure threshold. Life does not begin at the first 
molecule, the first DNA-like sequence, the first membrane, or the first metabolic reaction alone. These 
may be necessary steps toward life, but they are not sufficient. Life begins when Entropic Geometry 
reaches the point at which Boundary, Metabolic Flow, Information Memory, and Feedback Regulation 
become integrated into one self-maintaining closure. 

In this sense, the origin of life is not a single-object event. It is not the appearance of one privileged 
molecule. It is a systems transition: a prebiotic chemical organization crosses into a living entropic-
geometric regime when its partial functions become mutually sustaining. 

𝓛 = 1 iff G_E reaches BMIR closure threshold 

G_E → Closure_G_E(B, M, I, R) ⇒ 𝓛 = 1 

6.1.1 The Problem of the “First Thing” Model 
Many origin-of-life discussions search for the first molecule, the first replicator, the first membrane, or 
the first metabolism. Each of these questions is useful, but CUWF argues that none of them identifies 
the true transition point by itself. A molecule can exist without being alive. A genetic sequence can 
store information without regulating itself. A membrane can form a boundary without maintaining a 
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living basin. A reaction network can circulate matter and energy without preserving an autonomous 
identity. 

The first thing is therefore not necessarily the first life. CUWF shifts the question from ‘What object 
appeared first?’ to ‘When did a system first become capable of maintaining its own entropic-geometric 
closure?’ 

This shift is essential because life is not a component. Life is a self-maintaining organization of 
components. The transition from chemistry to life occurs when separate prebiotic capacities become 
integrated into a closure that can preserve itself under environmental perturbation. 

6.1.2 Prebiotic Components Are Partial BMIR Functions 
Prebiotic chemistry may produce partial expressions of the BMIR framework. Lipid assemblies may 
provide boundary-like structures. Autocatalytic cycles may provide flow-like dynamics. RNA-like 
polymers may provide information-like memory. Chemical feedback loops may provide weak 
regulatory behavior. But each of these remains incomplete unless the functions become mutually 
coupled. 

A lipid vesicle with no internal metabolic flow is a boundary component, not life. An autocatalytic 
reaction without boundary and memory is chemical flow, not life. An RNA-like molecule with no 
autonomous boundary, metabolism, or regulation is information-bearing chemistry, not life. A 
feedback-like reaction without a protected identity basin is chemical self-organization, not living 
regulation. 

Thus, prebiotic systems may be life-adjacent without being alive. CUWF treats them as partial entropic-
geometric architectures approaching the closure threshold. 

6.1.3 The Closure Threshold Defined 
The closure threshold is the point at which the four BMIR functions no longer operate as separate 
partial capacities but become one self-maintaining system. Boundary regulates what enters and exits. 
Metabolic Flow sustains the internal structure. Information Memory constrains the organization and 
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preserves reconstructive patterns. Feedback Regulation restores the system toward viability after 
deviation. 

At this threshold, the system is no longer merely undergoing chemical reactions. It begins to preserve 
an organized identity. It becomes a living stability basin rather than a transient chemical configuration. 

Formally, the closure threshold may be expressed as the condition under which Entropic Geometry 
G_E supports a stable BMIR closure: 

𝓛 = 1 ⇔ Closure_G_E(B, M, I, R) is self-maintaining 

6.1.4 Why the First Molecule Is Not Enough 
A molecule can be structurally stable, chemically reactive, or information-bearing, but it does not 
automatically maintain a living system. The first molecule may be a necessary precursor to life, but it 
does not define life. Even a highly complex molecule remains non-living if it does not participate in a 
self-maintaining BMIR closure. 

This point prevents a common reductionist error: identifying life with one molecular carrier. CUWF does 
not deny the importance of molecules. It places them in their proper role. Molecules become living 
components only when their functions are integrated into an entropic-geometric system that preserves 
a living basin. 

6.1.5 Why the First DNA Is Not Enough 
A DNA-like molecule or RNA-like replicator may represent a major step toward life because it 
introduces Information Memory. However, information alone is not life. A sequence can encode a 
pattern, but if it lacks autonomous Boundary, Metabolic Flow, and Feedback Regulation, it remains 
information-bearing substrate rather than a living system. 

In CUWF language, DNA belongs primarily to I, the Information Memory function. It becomes part of life 
only when it is coupled to B, M, and R inside a self-maintaining closure. The first genetic memory may 
therefore be prebiotic or proto-biological, but it becomes living only after it participates in a complete 
BMIR system. 
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6.1.6 Why the First Metabolism Alone Is Not Enough 
Metabolism-like chemistry may also precede life. Reaction cycles, catalytic networks, and energy-
conversion pathways may create flow. But flow alone is not life. Fire has flow. Chemical gradients have 
flow. Autocatalytic systems may have flow. Without boundary, information memory, and feedback 
regulation, such systems do not preserve a living identity. 

Metabolic Flow becomes living only when it maintains a bounded system, is guided by information 
memory, and is regulated by feedback toward a viable stability basin. Therefore, the first metabolism 
alone is not the first life. It is a partial BMIR function approaching closure. 

6.1.7 The First Life as the First Self-Maintaining Closure 
The CUWF position is therefore clear: the first life is the first self-maintaining entropic-geometric BMIR 
closure. It is not defined by one molecule, one membrane, one reaction, or one genetic sequence. It is 
defined by the integration of these functions into a system capable of maintaining its own living stability 
basin. 

This transition may have occurred gradually, through many intermediate proto-life-like systems. CUWF 
does not require a sharp material discontinuity. It requires a functional closure threshold. Before 
threshold, there are chemical systems with partial BMIR features. After threshold, there is a living 
system capable of preserving its organized identity through regulated exchange with the environment. 

In this sense, the origin of life is the emergence of self-maintaining Entropic Geometry. 

Table 6.1 summarizes the distinction between partial prebiotic functions and full living closure. 

Prebiotic feature Primary BMIR relation What it provides Why it is not full life 
alone 

Lipid vesicle B Boundary-like 
separation 

No autonomous M/I/R 
closure 

Autocatalytic network M-like Reaction flow and 
amplification 

No stable full 
boundary, memory, or 
regulation 
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RNA-like molecule I Information memory 
and possible catalysis 

No autonomous B/M/R 
system 

Chemical feedback 
loop 

R-like Partial response to 
state change 

No living stability basin 

Complete BMIR 
closure 

B + M + I + R Self-maintaining living 
basin 

Full life threshold 

6.1.8 Summary 
Life begins at the BMIR closure threshold. It does not begin with the first molecule, the first DNA-like 
sequence, or the first metabolism alone. Each may contribute a necessary partial function, but none is 
sufficient by itself. 

In CUWF, prebiotic emergence is the transition from partial chemical organization to self-maintaining 
entropic-geometric closure. A system qualifies as life only when Entropic Geometry reaches a state in 
which Boundary, Metabolic Flow, Information Memory, and Feedback Regulation become mutually 
sustaining. 

The central statement of this section is: 

𝓛 = 1 iff G_E reaches BMIR closure threshold 

This means that the first life is not the first biological component. The first life is the first self-maintaining 
living stability basin. 

6.2 Autocatalysis and Flow Formation 
Section 6.1 defined the closure threshold as the point at which chemistry becomes life: not the first 
molecule, not the first DNA-like structure, and not metabolism alone, but the first self-maintaining 
entropic-geometric BMIR closure. Section 6.2 now examines one of the most important prebiotic steps 
toward that threshold: autocatalysis. 

Autocatalysis is significant because it introduces flow-like dynamics into chemistry. A reaction product 
may help produce more of itself, or a network of reactions may collectively reinforce its own 
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continuation. In ordinary origin-of-life discussions, autocatalytic systems are often treated as possible 
precursors to metabolism. CUWF agrees with this direction, but adds a sharper distinction: 
autocatalysis is not life by itself. It is an M-like dynamic, not full Metabolic Flow in the living sense. 

The central statement of this section is therefore: 

Autocatalysis may generate flow-like self-amplification, but it becomes life only when that flow 
participates in complete BMIR closure. 

6.2.1 Autocatalysis as a Prebiotic Flow Pattern 
An autocatalytic process is a reaction process in which the products of the reaction contribute to the 
continuation or acceleration of the same reaction pathway. In the simplest case, a molecule helps 
catalyze its own formation. In a more complex case, a reaction network collectively sustains a cycle in 
which the products of one step support other steps in the same network. 

In CUWF language, this is important because autocatalysis begins to resemble Metabolic Flow. It 
introduces a directed chemical flux that does not merely occur once and vanish, but tends to reinforce 
its own continuation. This is why autocatalysis belongs near the boundary between chemistry and 
proto-life. 

However, the presence of a repeating or self-reinforcing reaction is not yet life. A chemical network 
may amplify itself without possessing a true self-environment boundary, without storing an independent 
information memory, and without regulating itself back toward a viable stability basin. It may be 
dynamic and self-amplifying, but still not living. 

6.2.2 M-like Dynamics versus Living Metabolic Flow 
The distinction between M-like dynamics and true Metabolic Flow is essential. In the BMIR framework, 
Metabolic Flow is not simply any chemical reaction. It is regulated flux across a living boundary that 
maintains the living stability basin. True M is therefore always connected to B, I, and R. 

Autocatalysis can provide a partial precursor of M because it establishes chemical continuity and 
reinforces reaction flow. But it does not automatically satisfy the full CUWF meaning of M: 

It may create reaction flow, but not necessarily regulated flux across a boundary. 
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It may amplify products, but not necessarily preserve a living stability basin. 
It may repeat, but not necessarily repair itself after perturbation. 
It may exhibit chemical persistence, but not autonomous BMIR closure. 

Autocatalysis ≈ partial M-like flow, not full life 

6.2.3 The CUWF Interpretation: Flow without Closure 
In CUWF terms, an autocatalytic network may be described as a chemical flow pattern within Entropic 
Geometry. It may form a temporary basin of reaction persistence, but this basin is usually not yet a 
living basin. It is not sufficiently bounded, memory-constrained, or feedback-restored to qualify as life. 

Let Ω_auto denote an autocatalytic reaction network. Its flow-like behavior may be written 
schematically as: 

Ω_auto → Ω_auto + products supporting Ω_auto 

This expresses self-amplification, but not necessarily life. To become life, Ω_auto must become part of 
a larger entropic-geometric closure: 

Ω_auto ⊂ Closure_G_E(B, M, I, R) 

The difference is decisive. In the first expression, autocatalysis reinforces a reaction pattern. In the 
second expression, the autocatalytic flow participates in a complete living closure. Only the second 
condition can qualify as life. 

6.2.4 Why Autocatalysis Is Not Sufficient for Life 
Autocatalysis is not sufficient for life because it can lack all other BMIR functions. A reaction may 
reinforce itself without having a meaningful boundary. It may generate flow without preserving 
information memory. It may amplify products without detecting deviation. It may run until resources are 
depleted without regulating itself back toward viability. 

This is why CUWF does not equate chemical self-amplification with life. Autocatalysis is a powerful 
prebiotic mechanism because it moves chemistry toward continuity and self-maintenance, but it 
remains below the life threshold unless it becomes coupled to boundary, memory, and feedback 
regulation. 
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6.2.5 Boundary Coupling: Why Flow Must Be Contained 
For autocatalysis to move closer to life, it must be coupled to some form of boundary. Without 
boundary, reaction products diffuse away, environmental disturbance easily disrupts the network, and 
there is no stable distinction between internal system and external environment. 

In prebiotic contexts, boundary-like structures may include mineral surfaces, pores, lipid vesicles, 
droplets, compartments, or gradients. These do not automatically create life, but they can help convert 
free chemical reactions into partially bounded reaction systems. 

In CUWF terms, this means that M-like flow begins to acquire B-like structure: 

partial M + partial B → proto-closure tendency 

6.2.6 Information Coupling: Why Flow Must Be Remembered 
A self-amplifying flow is still fragile unless its organization can be preserved. For chemistry to approach 
life, flow must become linked to some kind of information memory or constraint pattern. This does not 
require modern DNA at the earliest stage, but it does require stable constraints that preserve which 
reactions should continue, how products are regenerated, and how the system maintains its 
organization across perturbations. 

In CUWF language, an autocatalytic flow must become constrained by I: 

M-like flow + I-like constraint → proto-metabolic memory 

6.2.7 Feedback Coupling: Why Flow Must Be Corrected 
Even a bounded, self-amplifying, partially memory-constrained chemical system is not fully living 
unless it can correct deviation. A living system does not merely run. It detects when its internal state 
drifts away from viability and activates processes that restore it. This is the role of Feedback 
Regulation. 

Autocatalysis may display persistence, but persistence is not the same as regulation. A reaction 
network may continue only under narrow conditions and collapse when disturbed. Life requires that the 
system can respond to perturbation and return toward the living basin. 
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Thus, autocatalysis becomes life-relevant only when it is embedded in a wider structure capable of 
basin restoration: 

M-like flow becomes living only when B, I, and R close around it 

6.2.8 BMIR Evaluation of Autocatalysis 
The following table summarizes the CUWF interpretation of autocatalysis relative to the BMIR 
framework: 

BMIR condition Autocatalytic network Status CUWF interpretation 
Boundary May be absent or 

externally provided 
partial/weak Requires 

compartmentalization to 
approach life 

Metabolic Flow Self-amplifying 
reaction flow 

partial M-like dynamics, not full 
M 

Information Memory May contain templates 
or persistent patterns 

weak/partial Needs stable constraint 
geometry 

Feedback Regulation Usually minimal or 
absent 

weak/no Persistence is not 
regulation 

Closure Usually unstable or 
incomplete 

not full Proto-life-like only if 
partial BMIR coupling 
appears 

6.2.9 Autocatalysis as a Bridge, Not the Destination 
Autocatalysis is therefore best understood as a bridge between chemistry and life. It is not the 
destination. It shows how chemical systems can begin to maintain flow, amplify structure, and preserve 
reaction continuity. But it does not by itself generate a self-maintaining living stability basin. 

This distinction prevents a common conceptual error in origin-of-life thinking: identifying life with the 
first self-amplifying chemical process. CUWF places the threshold later and deeper. Life begins not 
when chemistry repeats, but when repetition becomes bounded, flow-maintained, memory-
constrained, and feedback-restored as one integrated closure. 
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6.2.10 Summary 
Autocatalysis represents an important prebiotic step because it introduces M-like dynamics: reaction 
flow that can reinforce its own continuation. However, autocatalysis alone is not life. It may lack a self-
environment boundary, stable information memory, and feedback regulation capable of restoring the 
system after perturbation. 

In CUWF, autocatalysis becomes life-relevant only when it is incorporated into complete BMIR closure. 
It provides a possible precursor to Metabolic Flow, but full life requires all four conditions to form one 
self-maintaining entropic-geometric system. 

Autocatalysis is a step toward life, not life itself. 

6.3 Lipid Vesicles and Boundary Formation 
Section 6.2 showed that autocatalysis can introduce flow-like dynamics, but that flow alone is not 
sufficient for life. A chemical network may amplify itself, sustain reaction cycles, or produce M-like 
behavior, yet it still does not become living unless the flow is enclosed, constrained, and regulated as 
part of a complete BMIR closure. We now examine the next major prebiotic step: boundary formation 
through lipid vesicles. 

Lipid vesicles are important because they demonstrate how a physical-chemical structure can begin to 
approximate the B condition of BMIR. They can create a distinct interior and exterior, concentrate 
molecules, regulate partial exchange, and provide a primitive compartment in which chemical 
networks may persist. In this sense, lipid vesicles are not trivial objects. They are one of the most 
plausible bridges from diffuse chemistry toward proto-cellular organization. 

However, in the CUWF framework, boundary alone is not life. A vesicle may form a boundary, but 
unless that boundary is coupled to metabolic flow, information memory, and feedback regulation, it 
remains a boundary component rather than a living system. The key distinction is therefore simple: a 

lipid vesicle may provide B, but B alone does not produce 𝓛. 
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6.3.1 Lipid Vesicles as Prebiotic Boundary Structures 
A lipid vesicle is a self-assembled compartment formed by amphiphilic molecules. In aqueous 
environments, lipids can organize into bilayers that enclose an internal space. This internal space is 
not merely geometrical. It can concentrate molecules, separate reactions from the external 
environment, and create conditions under which chemical processes may become more stable than 
they would be in open solution. 

From the viewpoint of origin-of-life research, this is extremely important. Life requires a distinction 
between inside and outside. Without some form of boundary, there is no persistent self-system. 
Molecules diffuse away. Reaction networks lose concentration. Local organization cannot remain 
localized. Therefore, boundary formation is one of the earliest requirements for the transition from 
chemistry toward life. 

In CUWF language, a lipid vesicle is a primitive projection of basin boundary formation. It does not yet 
constitute a living stability basin, but it begins to create the geometric condition required for such a 
basin to emerge. 

6.3.2 Boundary in CUWF Terms 
The BMIR boundary condition was defined as the entropic-geometric boundary of the living stability 
basin: 

B = ∂𝓑_L 

In the case of a lipid vesicle, the physical membrane approximates a primitive version of ∂𝓑. It 
separates an internal chemical region from an external environment. However, at this stage the 
boundary is not yet necessarily a living boundary. It may enclose molecules, but it does not 
automatically maintain a living basin. 

This distinction matters. A boundary becomes biologically meaningful only when it participates in the 
maintenance of a self-preserving system. A vesicle that merely encloses molecules is a compartment. 
A vesicle that supports regulated flow, stabilizes information-bearing chemistry, and participates in 
feedback restoration begins to approach proto-life. 
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6.3.3 Why Boundary Alone Is Insufficient 
Boundary alone cannot define life because many non-living systems have boundaries. A bubble has a 
boundary. A droplet has a boundary. A crystal has a boundary. A mineral grain has a boundary. Even 
a dead cell may temporarily retain a membrane-like boundary. Yet none of these is automatically alive. 

For CUWF, the decisive question is not whether a boundary exists, but what the boundary does within 
the total system. Does it regulate exchange? Does it maintain metabolic flow? Does it protect or 
support information memory? Does it participate in feedback regulation? Does it help preserve a living 
stability basin? 

If the answer is no, the boundary is only a structural feature. It is necessary for life, but not sufficient for 
life. 

6.3.4 Vesicles as B without Complete BMIR Closure 
A lipid vesicle may satisfy a partial B condition, but it usually lacks the remaining conditions required 
for full life. It may not possess autonomous metabolic flow. It may not contain a stable information 
memory system. It may not regulate itself back toward viability after perturbation. Therefore, a vesicle is 
best interpreted as a boundary component or proto-boundary system, not as life itself. 

In BMIR terms: 

B: present or partially present. 

M: weak, absent, or dependent on enclosed chemistry. 

I: absent unless an information-bearing molecular system is present. 

R: absent unless boundary and internal chemistry form feedback-like restoration dynamics. 

Therefore, a lipid vesicle is not full life. It is a prebiotic structure that can support the emergence of life 
if it becomes coupled to M, I, and R. 



               Paper A-21: Life and Biological Emergence under CUWF          www.cuwfcosmos.com 
 

  

© 2025 CHAYUT TECHASAMRAN 161 

 

6.3.5 From Compartment to Proto-Cell 
The significance of lipid vesicles becomes clearer when they are integrated with reaction networks and 
information-bearing molecules. A vesicle containing autocatalytic chemistry begins to connect B with 
M-like dynamics. A vesicle containing RNA-like templates begins to connect B with I. A vesicle whose 
permeability or internal chemistry changes in response to perturbation begins to approach primitive R. 

This means that lipid vesicles are not life alone, but they may become the scaffold through which BMIR 
coupling begins. In the origin of life, the critical event is not vesicle formation by itself, but the transition 
from compartment to regulated proto-cellular closure. 

In CUWF terms, this transition may be written schematically as: 

B + partial M + partial I + weak R → proto-BMIR coupling 

and eventually: 

Closure_G_E(B, M, I, R) → 𝓛 = 1 

Only when this closure becomes self-maintaining does the system cross the threshold from prebiotic 
chemistry into life. 

6.3.6 Entropic-Geometric Interpretation 
A lipid vesicle can be understood as a local deformation of Entropic Geometry that creates an 
inside/outside distinction. This distinction is the earliest form of basin separation. However, basin 
separation alone does not guarantee basin maintenance. The basin must be sustained by flow, shaped 
by memory, and restored by feedback. 

Thus, the vesicle is best interpreted as a boundary-forming event in entropic-geometric organization. It 
is a candidate precursor to living closure, but not equivalent to living closure. The membrane becomes 
alive only when it is no longer a passive wall, but part of a self-maintaining system that controls 
exchange, supports internal organization, and participates in restoration dynamics. 
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6.3.7 Summary 
Lipid vesicles are crucial in the transition from chemistry to life because they provide a primitive 
boundary. They allow internal chemistry to be separated from the environment and can create 
conditions for concentration, persistence, and selective exchange. 

However, in CUWF, boundary alone is not life. A lipid vesicle may provide B, but without autonomous 
Metabolic Flow, Information Memory, and Feedback Regulation, it remains a boundary component or 
proto-life scaffold. 

The CUWF conclusion is: 

Lipid vesicles represent the emergence of boundary formation, but life begins only when boundary 
becomes integrated into complete self-maintaining BMIR closure. 

6.3.8 BMIR Status of a Lipid Vesicle 
BMIR Function Status in Lipid Vesicle CUWF Interpretation 
Boundary (B) Present / partial Primitive compartment or proto-

boundary 
Metabolic Flow (M) Weak or absent Requires coupled reaction 

network 
Information Memory (I) Absent unless templates exist Requires RNA-like or equivalent 

constraint memory 
Feedback Regulation (R) Absent or weak Requires restoration dynamics 
Closure Not complete Boundary component, not full 

life 
Closing statement: A vesicle may create an inside and an outside, but only BMIR closure creates a 
living self. 

6.4 RNA World and Information-Flow Coupling 
Sections 6.1-6.3 described the transition from chemistry toward life as a gradual approach to BMIR 
closure. The closure threshold is not reached by the first molecule, the first boundary, or the first flow 
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process alone. Autocatalysis may generate flow-like amplification, and lipid vesicles may create a 
primitive inside-outside boundary, but neither is sufficient to constitute life. The next critical step is the 
coupling of information with flow. This is where the RNA World hypothesis becomes especially 
important within the CUWF framework. 

In many origin-of-life discussions, RNA is significant because it may combine two roles that are usually 
separated in modern biology: it can store sequence information, and in some forms it can participate in 
catalytic activity. This makes RNA a plausible bridge between Information Memory and metabolic-like 
chemical flow. CUWF accepts this significance, but interprets it through the BMIR framework: RNA may 
help connect I with M, but I-M coupling alone is still not full life unless it becomes integrated with 
Boundary and Feedback Regulation into one self-maintaining closure. 

The central CUWF statement of this section is: 

RNA may connect Information Memory with catalytic Metabolic Flow, but life begins only when this 
information-flow coupling becomes enclosed, regulated, and stabilized as BMIR closure. 

6.4.1 RNA as More Than a Passive Molecule 
DNA is often treated as the central information molecule of modern biology, but RNA is more dynamic 
in the context of prebiotic emergence. RNA can carry sequence information, fold into structured 
shapes, interact with other molecules, and in some cases perform catalytic functions. This dual 
character makes RNA more than a passive storage medium. It is a possible bridge between memory 
and action. In CUWF language, RNA is not merely an information-bearing molecule; it may function as 
a constraint pattern capable of influencing chemical flow. 

6.4.2 RNA and Information Memory 
Within BMIR, Information Memory refers to a pattern that stores instruction, history, organization, or 
constraint. RNA can satisfy a partial version of this condition because sequence structure can preserve 
reproducible pattern. In CUWF notation, Information Memory was written as I = C_L[G_E], meaning 
that living information is not abstract data alone but constraint geometry within Entropic Geometry. 
RNA may represent an early chemical form of such constraint. However, isolated RNA is not life. It may 
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contain sequence memory, but without autonomous Boundary, sustained Metabolic Flow, and 
Feedback Regulation, it remains biological or prebiotic information rather than a living system. 

6.4.3 RNA and Catalytic Flow 
RNA becomes especially important because some RNA structures can influence reaction pathways. 
Catalytic RNA, or ribozyme-like behavior, suggests that RNA may not only store pattern but also guide 
chemical transformation. This means RNA can participate in M-like dynamics. In CUWF terms, this is a 
coupling between I and M: information-like constraint begins to shape flow-like chemical activity. The 
system is no longer merely a reaction network, and it is no longer merely a stored pattern. It begins to 
show information-flow coupling. 

6.4.4 Information-Flow Coupling as a Pre-Life Step 
The coupling of information and flow is one of the most important steps toward life. A flow process 
without memory dissipates. A memory pattern without flow remains inactive. When memory begins to 
guide flow, the system can begin to preserve and reproduce organization across transformations. This 
is why the RNA World is important in CUWF: it may represent a stage in which chemical systems begin 
to acquire a primitive I-M loop. Yet this still does not automatically produce life. A system with I and M 
but no stable B and no R may remain a chemically active information-flow system rather than a living 
system. 

The BMIR status of an RNA-centered prebiotic system can be summarized as follows: 

BMIR function 
RNA-centered prebiotic 
contribution 

Status CUWF interpretation 

B - Boundary Not provided by RNA 
itself; requires vesicle 
or compartment 

missing or external RNA alone does not 
create living 
self/environment 
separation 

M - Metabolic Flow Possible catalytic 
influence through 
ribozyme-like activity 

partial RNA may guide 
chemical flow but does 
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not constitute full 
metabolism 

I - Information Memory Sequence pattern can 
preserve reproducible 
organization 

strong partial RNA may act as 
prebiotic constraint 
memory 

R - Feedback 
Regulation 

Not autonomous 
unless embedded in a 
regulatory network 

weak or absent Feedback requires 
correction toward a 
viability basin, not 
sequence alone 

Closure Requires integration of 
B, M, I, and R 

not yet full RNA contributes to the 
path toward life but is 
not life by itself 

6.4.5 Why RNA Alone Is Not Life 
The RNA World hypothesis can be powerful without implying that RNA alone is alive. This distinction is 
necessary for A-21. RNA may carry information and catalyze reactions, but the CUWF definition of life 
requires closure. An RNA molecule floating in solution may have sequence information. A catalytic 
RNA may accelerate or guide a reaction. But neither case automatically forms a living stability basin. 

For full life, RNA-based information-flow coupling must become enclosed within a boundary, supported 
by continuous regulated flux, and tied to feedback correction. Without these additional functions, the 
system may be chemically significant, evolutionarily important, or life-adjacent, but it does not yet 
satisfy the full BMIR criterion. 

Thus, RNA is best understood as a bridge component: it may help connect Information Memory and 
Metabolic Flow, but it must be integrated into BMIR closure before life emerges. 

6.4.6 From RNA World to BMIR Closure 
In CUWF, the origin-of-life transition does not occur when RNA first appears. It occurs when RNA-like 
information, catalytic flow, boundary formation, and feedback regulation become mutually coupled. 
The sequence of development may be described conceptually as: 
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• chemical reaction network -> partial M-like flow 

• lipid compartment -> partial B 

• RNA sequence/catalysis -> partial I-M coupling 

• regulatory correction -> emerging R 

• integrated B-M-I-R loop -> living closure 

The important point is that none of these stages alone defines life. Life begins when the system 
crosses from partial components into integrated closure. 

In formal CUWF language: 

RNA alone: partial I + possible partial M 

RNA + compartment + regulated flow + feedback -> BMIR closure 

𝓛 = 1 iff Closure_G_E(B, M, I, R) becomes self-maintaining 

6.4.7 Summary 
The RNA World represents a crucial stage in prebiotic emergence because RNA may connect 
Information Memory with catalytic Metabolic Flow. It can preserve sequence pattern and, in catalytic 
forms, influence chemical transformation. In CUWF terms, RNA may help create an early I-M coupling. 

However, RNA alone is not life. It lacks autonomous Boundary, complete Metabolic Flow, and 
Feedback Regulation unless embedded in a larger self-maintaining system. Therefore, RNA is not the 
definition of life; it is one possible bridge toward living closure. 

The CUWF conclusion is: 

RNA may connect information with flow, but life begins only when information-flow coupling becomes 
bounded, feedback-regulated, and stabilized as BMIR closure. 

CUWF Paper A-21 
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Life and Biological Emergence under CUWF 

Section 6.5 — First Living Closure 

6.5 First Living Closure 
Sections 6.1-6.4 developed the transition from chemistry toward life in stages. Autocatalytic systems may 
generate flow-like self-amplification. Lipid vesicles may create primitive boundary separation. RNA-like 
systems may begin to couple information memory with catalytic function. Yet none of these partial 
achievements alone is sufficient to constitute life. The key transition is not the first molecule, the first 
boundary, the first catalytic loop, or the first genetic-like sequence. The key transition is the first closure. 

In CUWF, the first life is defined as the first self-maintaining entropic-geometric BMIR closure. This means 
that life begins when Boundary, Metabolic Flow, Information Memory, and Feedback Regulation become 
mutually integrated into one living stability basin. 

first life = first self-maintaining entropic-geometric BMIR closure 

This definition changes the origin-of-life question. Instead of asking only which molecule appeared first, 
CUWF asks when a prebiotic system first became capable of maintaining its own entropic-geometric 
organization through closed BMIR dynamics. 

6.5.1 First Life Is Not the First Molecule 
The first life should not be identified with the first organic molecule. Organic molecules may be necessary 
precursors, but molecular existence alone does not create living identity. A molecule may be chemically 
important, structurally complex, or biologically relevant, yet still remain non-living if it does not participate 
in self-maintaining BMIR closure. 

A single molecule may have structure. It may contain information-like pattern. It may catalyze reactions. 
But it does not by itself define a living self. It does not maintain an internal basin against environmental 
disturbance. It does not regulate exchange across a boundary. It does not restore itself toward viability 
after perturbation. 
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Therefore, in CUWF, the first life is not the first molecule. It is the first system in which molecules became 
organized into a closed entropic-geometric architecture capable of preserving itself. 

6.5.2 First Life Is Not the First DNA or RNA 
Likewise, first life should not be identified simply with the first DNA-like or RNA-like information carrier. 
Information Memory is essential, but information alone is not life. A sequence without autonomous 
boundary, flow, and regulation is biological or proto-biological information, not a living system. 

RNA-like systems may have been crucial because they could connect information storage with catalytic 
activity. This makes them powerful candidates for bridging Information Memory and Metabolic Flow. 
However, from the BMIR viewpoint, such systems still require a boundary that separates inside from 
outside and a regulatory process that restores viable organization. 

Thus, in CUWF, the first informational polymer is not automatically the first life. It becomes part of first life 
only when it participates in a self-maintaining BMIR closure. 

6.5.3 First Life Is Not the First Metabolism Alone 
First life should also not be reduced to the first metabolic-like network. A reaction network may sustain 
chemical flow, amplify products, and persist for some time under favorable conditions. But flow alone is 
not life. Fire has flow. Atmospheric storms have flow. Autocatalytic reactions have flow. None of these is 
life unless the flow is integrated with boundary, memory, and feedback regulation. 

In CUWF terms, metabolic flow becomes living only when it maintains a bounded stability basin, is 
guided by information memory, and is corrected by feedback toward viability. Without such integration, 
metabolic-like activity remains chemistry, not life. 

6.5.4 The Closure Threshold 
The emergence of first life occurs at the closure threshold. This is the threshold at which separate partial 
functions stop being merely adjacent and become mutually sustaining. Boundary no longer merely 
encloses chemistry. It begins to regulate exchange. Flow no longer merely proceeds as reaction. It 
begins to maintain structure. Information no longer merely exists as pattern. It begins to guide 
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reconstruction and continuity. Feedback no longer merely responds passively. It begins to restore the 
system toward viability. 

𝓛 = 1 iff G_E reaches BMIR closure threshold 

Here, G_E denotes the relevant Entropic Geometry of the prebiotic system. The expression states that 
life appears when the entropic-geometric organization reaches the threshold at which B, M, I, and R 
become one self-maintaining closure. 

6.5.5 BMIR Closure as the First Living Identity 
A living identity is not simply a shape, molecule, or reaction. It is the persistence of an organized self 
across exchange and perturbation. For the first living system, identity begins when the system can 
distinguish itself from environment, exchange with that environment, preserve organizational memory, 
and restore itself after deviation. 

This is why BMIR closure is the first living identity. Before closure, there may be chemical complexity, 
proto-metabolic flow, compartmentalization, and information-like molecules. After closure, there is a 
system that can maintain its own living basin. 

Closure_G_E(B, M, I, R) → 𝓛 

This expression should be read as an emergence relation. Life is not inserted into matter from outside. 
Life appears when Entropic Geometry organizes matter, flow, memory, and regulation into one self-
maintaining living closure. 

6.5.6 Why First Life Was Probably Gradual but Closure Was Decisive 
The historical origin of life was likely gradual. Boundary formation, catalytic flow, information-bearing 
molecules, and primitive feedback mechanisms probably developed through overlapping stages. CUWF 
does not require that all four BMIR functions appeared simultaneously in a single abrupt event. 

However, CUWF distinguishes gradual preparation from decisive living closure. The components may 
accumulate gradually, but the status of full life begins only when they become mutually integrated 
enough to sustain one living stability basin. This is similar to how parts of an engine may be assembled 
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gradually, but the engine becomes operational only when the components form a working closed 
system. 

Thus, the prebiotic path may be gradual, but life status begins at the closure threshold. 

6.5.7 Proto-Life, Life-Adjacent Systems, and First Life 
The closure threshold also allows CUWF to classify systems near the origin of life without forcing them 
into a binary too early. A system may be proto-life-like if it has partial BMIR structure. It may be life-
adjacent if it has strong information and partial boundary but lacks autonomous flow or regulation. It 
becomes full life only when BMIR closure becomes self-maintaining. 

Proto-life-like system: partial B/M/I/R structure, but unstable or incomplete closure. 
Life-adjacent system: biological or proto-biological organization that depends on an external living 

system to complete its closure. 
First living system: autonomous self-maintaining BMIR closure within Entropic Geometry. 
This framework avoids both over-inclusion and over-exclusion. CUWF does not call every complex 
chemical system alive. It also does not require a modern cell before life can be recognized. It identifies 
life by closure, not by modern biological sophistication. 

6.5.8 Summary 
In CUWF, first life is not the first molecule, the first DNA or RNA, the first vesicle, or the first metabolic 
reaction network alone. These are important precursors, but they are not life unless they become 
integrated into self-maintaining BMIR closure. 

The first life is defined as: 

first life = first self-maintaining entropic-geometric BMIR closure 

This means that life begins at the moment Entropic Geometry becomes capable of maintaining a 
bounded, flow-sustained, memory-constrained, feedback-restored living stability basin. The transition 
from chemistry to life is therefore not a transition from non-organic to organic matter alone. It is the 
transition from partial chemical organization to living entropic-geometric closure. 


