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   In the world of action, we know that it is disastrous to treat animals or human 
beings as if they were stocks and stones. Why should we suppose this treatment to 
be any less mistaken in the world of ideas? Why should we suppose that the scientific 
method of thought—a method which has been devised for thinking about inanimate 
Nature—should be applicable to historical thought, which is a study of living creatures 
and indeed of human beings? 

Arnold Toynbee 
“A Study of History: Illustrated” p. 33,  

Portland House, New York, 1988 

Globalization brings about benefits and wonders; it has allowed us to 

solve single-value problems, but it can increase the potential risks of 

“systemic problems,” leading to system-wide disruptions. Our efforts to 

solve problems often cause further problems, beyond our expectations. 

What can we do to protect against such emerging systemic problems? We 

now need a Copernican revolution for paradigm shifts in our cognition. 

We should apply the same “systemic forces” that generate the “systemic 

problems” in the first place. We can fight like with like in trying to cope. 

How can we do this? Let us think about nature as it is. Nature is full 

of self-similarities, known as “fractals,” in which particular characteristic 

patterns of structures appear successively at descending or ascending 

scales so that their parts, at any scale, are similar in shape to the whole. 

A seemingly complex fractal nature has been fully understood on its own 

terms in the form of simple rules.  

The present paper extends the idea of fractals from the self-similar 

static structures view to the self-similar dynamic processes view essential 

to “living” systems in order to explore simple principles beyond 

complexity. The only assumption is as follows: Simple principles of 

complex “living” dynamics can be deduced from the demand that the 

underlying principles should be self-consistent, regardless of the scale with 

which we are concerned. It is the self–nonself circulation principle that 

governs the complexity of life. 
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1. Emerging Self-Consistent Life Philosophy: Toward a Creative Approach to 

Emerging Problems 

 
   Hardly a concept, a notion or word is more ambiguous than “life”. Thus definitions 
serve only as sectored limitations, such as philosophical, biological or physiochemical 
distinctions, which inherently produce a loss of meaning. At the moment, the theories 
of cognitive science of living systems culminate in the proposition that the cognitive 
process is tantamount to the process of life. The history of philosophical approaches 
towards the concept of life confirms this conception that rational man who is 
constantly confronted with life, cannot distance himself from life. It is always life that 
happens to him, with him, through him. The experience of life, therefore, is neither 
pure recognition of self nor merely reaction to outside stimuli. 

Franz-Theo Gottwald 
“Life—A Problem Inherent in the Research Context” p. 25-26 

World Scientific, Singapore, 2002 

  

Due to complex interactions among humans, societies, economies, 

and many other organizations, our world is more global than ever; thus, 

it looks like a huge “living” system involving systems nested within 

systems. Owing to such “self-nested hierarchies” in our world, most of 

our major problems, such as energy, financial security, the environment, 

education, and even science issues, cannot be understood in isolation 

(Zolli, 2012, Murase, 2008a; 2008b; 2016; Murase et al., 2017) and are 

often referred to as “systemic problems” (Capra and Luisi, 2014). 

Indeed, these problems seem to be very complex; therefore, it has been 

difficult to find solutions. What is worse, extensive efforts to solve these 

problems have often led to the emergence of additional problems due to 

the chain of hidden causation (Meadows, 2008). The realization of such 

“emerging problems” has consistently been one of the most challenging 

issues in various disciplines. These problems have been discussed in the 

framework of “emergent diseases” and “aging” in the life sciences (Murase, 

1996). They are often called “side effects” or the “risk-to-benefit ratio” in 

medical sciences (cf. Pitot, 1986), “trade-off effects” in evolutionary 

developmental biology (Gilbert and Epel, 2009), and “neg-emergence” in 

the study of “death” (Aguilar, 2009; Capra and Luisi, 2014).  

Despite the resulting complexity, once these individual problems are 

considered as different aspects of a single whole, such seemingly 

contradictory issues can become totally understandable, as they can be 

integrated into a single coherent framework. This is the integrationists’ 

approach, or a holistic approach, in contrast with the reductionists’ 
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approach (see Section 2). 

Situations of this kind are truly relevant to understanding the 

question “What is Life?” From a conventional materialistic or reductionist 

view, life can be decomposed into many different kinds of material 

elements, but it is still difficult to understand life as a whole. Contrary to 

this traditional approach, we have taken a self-similar dynamic systems 

view of life, by which we increasingly try to understand life as a dynamic 

“living” system involving communicative “living” subsystems (Murase, 

1992; 1996; 2000; 2008a; 2008b; 2011; 2016; Gottwald, 2002). 

 “Life” should not be an object to be distinguished from an external 

observer, but the creative circulatory processes linking the subject and 

object to construct new dimensions that cannot be predicted or defined 

in advance (Izutsu, 1975; Valera, Thompson, and Rosch, 1991; 

Almanspacher and Dalenoort, 1994; Murase, 2000; 2008b; Bateson, 

2002). Such creative circulation processes are referred to as self–nonself 

(or endo–exo) circulation on the basis of the claim that “life” must be 

understood based on “life itself” in a self-consistent way (Murase, 2000).  

A full understanding of our present-day problems now requires 

nothing less than a new conception of life itself. A “self-similar dynamic 

systems perspective” is necessary to explore the basic principles, 

irrespective of the scale of “living” nature considered. It is the “self–

nonself circulation principle” originally given by Murase (2000) that could 

govern the emergent complexity typical of life. 

 

 

2. Beyond the Limits of Western Scientific Thinking: Toward a Holistic (or 

Integrationist) Approach to Life 

 
   Richet (1900) emphasized the general phenomenon, “The living being is stable. It 
must be in order not to be destroyed, dissolved or disintegrated by the colossal forces, 
often adverse, which around it. By an apparent contradiction it maintains its stability 
only if it is excitable and capable of modifying itself according to external stimuli and 
adjusting its response to the stimulation. In a sense it is stable because it is 
modifiable—the slight instability is the necessary condition for the true stability of the 
organism.” 

Walter B. Cannon 
“Organization for Physiological Homeostasis” 

Physiological Review, Vol. IX No. 3, 399 (1929) 
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   The centuries-old problem of “What is Life?” has not been solved 

satisfactorily, despite advanced studies of Western science (Schrödinger, 

1967). This is probably not because we lack a complete knowledge of 

components, such as molecules, organelles, cells, or organs, at different 

hierarchical levels of life necessary for the reductionist approach of 

Western science. Instead, this is probably because we lack a holistic view 

that integrates fragments of knowledge at different hierarchical levels into 

a coherent framework essential to the integrationist approach of Eastern 

philosophy (Murase, 1996; 2000; 2008a; Gottwald, 2002).  

Indeed, Western science has succeeded in progressively characterizing 

“nonliving” material things based on a reductionist approach. However, 

there is likely a serious problem if we apply the same approach to “living” 

systems, without questioning its reliability in these extreme cases 

(Toynbee, 1988). Here, we should realize the presence of a two-fold 

problem: it is a serious problem that we hardly question the reliability of 

the Western scientific framework within the framework itself, in addition 

to the overarching problem of “What is Life?” 

   Let us, therefore, think about the basic principles of a reductionist 

approach typical of Western science, and identify “emerging problems” 

inherent to this approach related to its applicability to a living system. 

These problems are mutually interrelated with each other, as usual for 

“systems problems.”  

 

 

1) Life Beyond Materials 

Using a reductionist approach, we have increasingly characterized the 

detailed “nonliving” components of “living” systems. Indeed, we are far 

too familiar with the traditional reductionist view that requires identifying 

elements at different levels of biological organization and understanding 

the relationships among different levels. On the basis of traditional 

reductionism, however, we cannot understand the difference between 

“living” and “nonliving” things because both are equally made of material 

molecules.  

In other words, there appears to be a very sharp distinction between 

“nonliving” parts and a “living” whole; thus, it is very difficult to explain 

how a “living” whole emerges from “nonliving” parts. Relating to this 



5 

 

sharp distinction, we can identify three different kinds of problems to be 

solved: 

 

a) The first problem must be the origin-of-life problem, namely, how 

prebiotic materials began to exhibit life as a whole. To develop a new 

theory for the origin of life, Murase (2011) assumed that life’s origin and 

subsequent evolution represent the continuous complexation of initially 

non-living—yet highly interacting—entities, and therefore simple 

principles could govern a great diversity of dynamic phenomena at any 

instance and at any level of the highly interacting entities. (see Section 4) 

 

b) The second problem is simply the reverse of the first one. Based on 

the assumption of continuous complexation, we can identify the unique 

principles essential to the origin of life by investigating the dynamic 

organization—involving both structures and processes—typical of 

present-day life, which will be explained in some detail (see Section 3). 

 

c) The third must be categorized as a counter-problem of the origin-

of-life problem (Murase, 1996). What are the origins of disease, aging, and 

death, typical of present-day life? How do specific characteristics, such 

as disease, aging, and death, emerge from “living” processes? Murase 

(1996) proposed a theory of aging as an intra-individual evolutionary 

process driven by natural selection (Darwin, 1859) and self-organization 

(cf. Kauffman, 1993). Recently, the death of a living system has been 

described in terms of “neg-emergence” (Aguilar, 2009; Capra and Luisi, 

2014). Indeed, Murase (1996) suggested that the process of aging toward 

death could be seen as a progressive process corresponding to the 

destruction of emergent properties at various levels of the entire organism 

(see Section 5). 

 

 

2) Limits of a Dichotomous Perspective 

 The reductionists’ approach assumes that there is a strict dichotomy 

between the “perceiving” subject (or endo) and “perceived” object (or exo), 

and that both are independent of each other (see Izutsu, 1975; 

Almanspacher and Dalenoort, 1994). Such assumptions, however, 
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appear to be violated in the field of particle physics. Remember 

“Heisenberg’s uncertainty principle” in modern physics. It became clear 

that observing a particle also perturbs the particle, and we cannot avoid 

the essential “uncertainty” regarding the state of the particle. The only 

way to make progress in our understanding is to predict the outcome of 

experiments statistically. 

Surprisingly, similar problems have appeared in the “living” world due 

to complex interactions within systems, between systems, and beyond 

systems (Murase, 1992; Meadows, 2008; Scharmer, 2009; Zolli, 2012; 

Murase, M. and Murase, T., 2014; Doidge, 2015). For example, in “fractal” 

structures involving self-similarity, the particular characteristic patterns 

appear successively at descending and ascending scales, where their 

parts are similar in shape to the whole at any scale to the observer. It is 

possible to extend this fractal notion of self-similar static “structures” to 

self-similar dynamic “processes” essential to “living” systems. 

A self-nested “living” systems perspective can eliminate the serious 

difficulty in resolving problems concerning uncertainty because there is 

already uncertainty from the beginning. There is no sharp distinction 

between individual parts and an integrated whole, for both are “living” 

systems. We should now consider that there is no sharp distinction 

between the “perceiving” subject and “perceived” object, for we are both 

spectators and actors in the world (see Section 6).  

 

 

3) Violations of Reproducibility Principles 

Owing to the traditional dichotomy mentioned above, Western 

scientists have generally assumed that the outputs of an object in 

response to a particular input by a subject are consistent under identical 

conditions, known as the reproducibility principle.  

Does this principle still hold in life? The answer is definitely “no.” To 

understand life itself, we have to identify not only the “elements” of the 

organism, but also the “elementary processes” within the organism, 

between the organisms, and beyond the organism. Only then can normal 

states, disease states, and even senescent states be clearly interpreted in 

terms of “dynamic changes” in elementary processes as well as plastic 

changes in the elements (Murase, 1996). 
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Even in constant external environmental conditions, organisms are 

continually subject to “intrinsic instability” at any level and scale (cf. 

Cannon, 1929). It therefore must be emphasized that “transients” and 

“instabilities” are essential and advantageous to life because changes in 

the environment, regardless of whether they are constant or not, are 

important for successful adaptation, learning, and evolution.  

In this sense, the reproducibility principle is not completely true; that 

is, we should not always expect that any biological system will show the 

same responses to the same stimuli (Murase, M. and Murase, T., 2013a; 

2013b). 

 

4) Toward a Complementarity Perspective 

Relating to the traditional dichotomy of a subject or an object, we are 

very familiar with the dichotomy between “yes” and “no” with regard to 

any given statement. Contrary to this dichotomy perspective, there is an 

alternative complementarity perspective typical of Eastern philosophy, 

which is surprisingly similar to Niels Bohr’s complementarity principle in 

modern physics (Bohr, 1985). It actually suggests that opposites are not 

mutually exclusive, but merely complementary to one another because 

they are thought to be different aspects of the same wholeness.   

The complementarity perspective strongly suggests that there is no 

clear distinction between subject (or self) and object (or nonself). It is, 

therefore, the self–nonself (or the subject-object) circulation that must be 

a fundamental dynamical process in diverse “life” phenomena, as there 

is no definitely isolated subject nor clearly separated object. 

The rest of this paper will deal with this self–nonself circulation theory 

in some detail on the basis of continuous complexation from the origin of 

life to the emergence of cognition in humans, and even to the origin of 

aging. 
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3. The Dynamic Nature of the Intercellular and Intracellular Society 

 
   Every cell must eat, communicate with the world around it, and quickly respond 
to changes in its environment. To help accomplish these tasks, cells continually adjust 
the composition of their plasma membrane and internal compartments in rapid 
response to need. 

Bruce Albers et al. 
Molecular Biology of The Cell, pp. 695, 

Garland Science, New York, 2015 

 

1) A Body as an Intercellular Society 

Our bodies develop as clones derived from a single fertilized cell with 

progressive cell division and differentiation of structure and function. The 

body is composed of two different kinds of cells: dividing cells, like skin 

cells and liver cells, and nondividing cells, such as nerve cells and muscle 

cells.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: A body as an intracellular society within an intercellular society. Our body 
is composed of two different classes of cells: dividing and nondividing cells. Those 
cells are a clone of a single fertilized cell (shown at the top) subjected to successive 
cell division and cell differentiation. Although the complex intracellular society is 
only illustrated in the right panel, any cell has its own intracellular society. 
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Figure 1 shows a schematic illustration of how our body is realized as 

a nested hierarchical “society,” that is, an intracellular society within an 

intercellular society. Individual cells, both dividing and nondividing, have 

complex intracellular societies (see right panel of Figure 1 and Figure 2). 

It is interesting to realize the self-similarity: there are also parallels 

between the intercellular society within a human body and the human 

society in an ecological system.  

 

2) The Intracellular Society: The Endocytic-Exocytic Cycle 

   For a long time, the adult nervous system was considered “static” 

based on its inability to generate new nerve cells through cell division; 

accordingly, the plasma membrane of nerve cells was dismissed as a 

passive, permeable barrier. This static view was far from the truth. We 

are now acknowledging the “dynamic” view that neurons undergo 

remarkable changes in morphology during early childhood as well as late 

adulthood in response to environmental stimuli (Doidge, 2015). The 

plasma membrane not only plays a dynamic role in intracellular signaling 

(Rothman, 1985), but also undergoes continuous cycles of endocytosis 

and exocytosis, as illustrated in Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: The dynamic characteristics of a living cell. Four different processes are 
represented: 1) the uptake of external molecules by endocytosis, 2) the secretion of 
molecules by exocytosis, 3) the budding of transporting vesicles, and 4) fusion of different 
vesicles. 
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A small part of the plasma membrane is continually internalized in 

the process of endocytosis and it is conversely added to the cell surface 

in the process of exocytosis (Dautry-Varsat and Lodish, 1984; Bretscher, 

1987). These dynamic cellular processes are responsible for the 

remarkable adaptability of nerve cells to environmental stimuli, but such 

dynamic processes are, of course, not determined by immediate gene 

instructions. Instead, they are driven by the coordinated activity of a 

complex metabolic network, since metabolic proteins serve as the main 

machineries of molecular recognition and catalysis and also determine 

the shape and structure of the cell.  

Figure 2 summarizes the dynamic characteristics of a cell (cf. 

Rothman, 1994), including four main processes: 1) the uptake of external 

molecules by endocytosis, 2) the secretion of molecules by exocytosis, 3) 

the budding of transporting vesicles, and 4) fusion of different vesicles. 

 

3) The “Self–Nonself (or Endo–Exo) Circulation Theory” 

Reviewing most dynamic living phenomena, Murase (2000) proposed 

the “Self–Nonself (or Endo–Exo) Circulation Theory” of life. This theory 

can abstract the cyclic membrane processes of endocytosis and 

exocytosis involving the budding and fusion of vesicles (see Figure 2).  

   Figure 3 illustrates how the “Self–Nonself (or Endo–Exo) Circulation 

Theory” can describe the dynamic nature of a living cell summarized in 

Figures 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: The “Self–Nonself (or Endo–Exo) Circulation Theory.” This theory can 
abstract the cyclic membrane processes of endocytosis and exocytosis involving the 
budding and fusion of vesicles. 
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From a self-nested systems perspective, it is possible to assume that 

the simple principle of “continuous complexation” could govern not only 

the evolution of life, but also the origin of life (Murase, 2011). It is the 

self–nonself circulation principle that can govern a great diversity of 

dynamic phenomena at any instance and level of highly interacting 

entities, including initially non-living, yet highly interactive, entities 

providing a basis for the origin of life (see Section 4). 

 

4) Intracellular Protein Metabolism 

After the astonishing discovery of the self-templating structure of DNA 

molecules (Watson and Crick, 1953), the “central dogma” was proposed, 

asserting that all amino acid sequences are determined by DNA base 

sequences (Crick, 1958). Newly synthesized proteins do not exist in the 

form of chains; instead, they exhibit self-folding to become “subunits.” 

Several of these subunits exhibit self-assembly to form macromolecular 

structures. This process of self-assembly occurs on the basis of 

information contained in the subunits themselves.  

Figure 4 shows how macromolecules are formed step by step from the 

information stored in DNA. It was originally considered that all of the 

information necessary for folding and subsequent self-assembly can be 

traced back to the “genetic” information in the form of DNA sequences. 

This leads to the gene instructionist view of life, in which the development 

and even aging of living organisms are thought to be fully determined by 

gene instructions.  

 

 

 

 

 

 

 

 

 

Figure 4: DNA sequences determine amino acid sequences of a protein. The 
resulting protein is self-folded within the information of amino acid sequences. The 
properly folded proteins act as “subunits” to form macromolecules. 
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Such a “gene-centric” view of life turned out to be too simplistic and 

even inaccurate for the following reasons (cf. Sporns, 1994; Murase, 

1996). 

 

a) Not all proteins and amino acids are specified by genetic codes. 

Some antibiotics in bacteria (Cavalier-Smith, 1991) and amino acid 

neurotransmitters in higher organisms (Bloom, 1981) are synthesized 

entirely by enzymes. Although the enzymes themselves are directly 

encoded by genes, the products of these enzymes are not.  

 

b) Some newly synthesized proteins, indeed, contain the information 

necessary for proper folding and subsequent self-assembly within their 

amino acid sequences. Others, however, require interactions with 

sophisticated enzymes referred to as “molecular chaperones” (Craig, 

1993; Agard, 1993).  

When interactions with different kinds of proteins are taken into 

account, both the fate of subunits and the final conformations of 

macromolecules are no longer immediately controlled by gene 

instructions, just as the fate of cells and the final form of the body are 

not totally controlled by immediate gene instructions, but are generally 

determined by cell–cell interactions known as inhibition, induction, or 

competition. In this sense, “epigenetic” information is thought to reside 

not only in proteins themselves, but also in noncovalent protein–protein 

interactions. This can explain the origin of “emergence.” 

 

c) In addition to the self–nonself circulation process and the biogenesis 

of newly synthesized proteins based on genetic and epigenetic 

information, we should realize the dynamic nature of the intracellular 

society, which would provide us with deep insights into understanding 

how our society could work efficiently.  

Let us consider supramolecular components of intracellular society, 

such as enzymes, cytoplasmic filaments, and membranes. They are not 

generated as single molecules connected by covalent bonds, but form a 

hierarchical organization by the noncovalent assembly of many subunits, 

as mentioned above. Such macromolecules are not “permanent” 

structures; they undergo continuous “disassembly” into small subunits 
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and “reassembly” into large macromolecules (see Figure 5). 

Unlike the covalent bonds that connect subunits of fixed structures, 

noncovalent protein–protein interactions between subunits can 

reversibly form and break. Therefore, the function of multisubunit 

assemblies can be easily controlled by adding or removing subunits. For 

this reason, a single protein does not necessarily have a predetermined 

function. Instead, its function emerges only when the final combination 

of all of individual components is determined, as in the case of gene 

regulatory proteins. New functions arise by slight changes in the 

combination of multiple subunits among the limited pool of molecules. 

Therefore, this combinatorial control has great advantages for both 

the evolution and development of complex living organisms. 

 

d) The dynamic nature of intracellular molecules is more than this. In 

fact, the self-assembled macromolecules are frequently recognized by 

other proteins to form much more complex assemblies, and these 

complex assemblies then serve as new recognition targets by separate 

proteins, and so on.  

Actually, such protein–protein interactions are essential to the 

biogenesis of plasma membranes, including vesicles named lysosomes 

and endosomes, the secretion of molecules by exocytosis, the uptake of 

external molecules by endocytosis, the catalytic activity of enzymes, the 

formation of gene regulatory proteins, the budding and fusion of 

transport vesicles, the dimerization or oligomerization of cell surface 

receptors in signal transduction, viral envelope assembly, and many 

other biological functions. 

 

e) There now arises the mysterious relationship between individual 

component parts and an emerging whole. We are realizing that a portion 

of genetic information exists at the level of DNA sequences, but we are 

also learning the importance of epigenetic information in the form of 

protein–protein, subunit–subunit, or macromolecule–macromolecule 

interactions. Necessary information for the emerging whole system 

involves emergent processes.  

This suggests that the identity of life must be ascribed not only to the 

constituent components, but also to dynamic processes. To understand 
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life itself, in other words, we have to specify not only the elements, but 

also the elementary processes within the organism, between the 

organisms, and beyond the organism. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Intracellular dynamic interactions among constituent molecules, such as 
DNA, amino acids, proteins, subunits, and macromolecules. 

 

Figure 5 shows a schematic representation of how proteins and 

subunits form by intracellular dynamic interactions among constituent 

molecules, such as DNA, amino acids, proteins, subunits, and 

macromolecules. We used to think about the world with respect to time 

elapsed, where cause is assumed to precede effect, as shown in Figure 4. 

This is related to the gene-centric view that biological structure and 

function must be directly controlled by immediate gene instructions. We 

now understand the alternative view that simultaneities must be 

considered. This is a comprehensive or a field-like view, in contrast to a 

cause-and-effect or an arrow-like view. 

   If we consider particular molecules as “self,” and many other 

molecules as “nonself,” then intracellular dynamics of different molecules 

can be realized as self–nonself circulation processes. 
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4. The Origin and Evolution of Life by Means of Self–Nonself Circulation 

 
   Can matter organize itself? In other words, can beings come into the world without 
parents, without ancestors? Here is the question to resolve. 

Louis Pasteur, 7 April 1864 
Cited From: Origins of Life: The Central Concepts, pp. 3 

Jones and Bartlett Publishers, Inc., Boston, 1994 

 

Studying the origin of life requires a radical shift in our perceptions 

from a Western scientific view useful for explaining the “nonliving” 

material world to a holistic view adequate for dealing not only with 

present-day life under evolution, but also with the globally 

interconnected world-wide living system as a whole.  

Traditionally, studies on the origin of life have focused on self-

replicating units, either one-dimensional polymers (Eigen and Schuster, 

1979; Cech, 1986; Gilbert, 1986; Kiedrowski, 1986; Tjivikua, Ballester, 

and Rebek, 1990; Kauffman, 1993; Joyce and Orgel, 1993) or three-

dimensional vesicles (Morowitx, Heinz, and Deamer, 1988; Luisi and 

Varela, 1989; Bachmann, Luisi, and Lang, 1992), but not both. Because 

there were no interactive processes between the two different hierarchical 

levels, such as polymers and vesicles, most studies have failed to explain 

how initially nonliving entities show continuous complexation, ultimately 

leading to the origin of life. 

   Murase (2011) assumed that there are both random polymers and 

membrane-bounded vesicles. Polymers are future candidates for self-

replicating genetic systems that evolve by natural selection (Darwin, 

1859); whereas vesicles or “endo-systems” (Wassenaar, 1994) or “selves” 

have their own boundary membranes that can contain micro-

environments favorable for polymers, as these are isolated from the 

external environment or “exo-world” (Wassenaar, 1994).   

Murase (2011) proposed a new paradigm of “self–nonself (or endo–exo) 

circulation,” describing the interactive processes between two different 

hierarchical levels, such as the self or endo-system and the nonself or 

exo-world. A principle of self–nonself circulation would govern the origin 

and evolution of life, and would also explain the dynamic organization 

typical of present-day life (Murase, 1996; 2000; 2008a: 2008b). 
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Figure 6 illustrates how a self (or a closed endo-system) not only shows 

a distinct identity from the open environmental nonself (or the exo-world), 

but also undergoes evolution by mutation and “weak selection” in the 

context of a combination of elements. A self (or a closed endo-system) can 

maintain its identity, as it has boundaries that isolate internal materials 

from the nonself (or the exo-world).   

 
Figure 6: Evolution of a closed endo-system by means of self–nonself (or endo–exo) 
circulation. 

 

Suppose that such a self (or a closed endo-system) is subject to 

formation–deformation cycles, as shown in the lower panel—that is, the 

boundaries are broken, allowing the entry of new elements from the 

nonself (or the exo–world), and then they are resealed. At each cycle, the 

closed endo-system does not retain the same composition as it had 

previously, but instead evolves in a spiral fashion, as shown in the upper 

panel. This interactive process between the self (or the endo-system) and 

the nonself (or the exo-world) is referred to as self–nonself (or endo–exo) 

circulation. 



17 

 

   What mechanisms initially drive the self-nonself (or endo-exo) 

circulation on the prebiotic Earth? We should realize that there are two 

very different kinds of molecules: some molecules readily forming linear 

polymers upon dehydration (Usher, 1977) and other molecules 

spontaneously aggregating to create closed vesicles upon hydration 

(Hargreaves et al., 1977; Hargreaves and Deamer, 1978). Thus, 

dehydration-hydration cycles (Deamer and Barchfeld, 1982) can be one 

of the plausible mechanisms of the endo-exo circulation, by which many 

different kinds of polymers and vesicles are alternately generated and 

degenerated. Such drying-wetting cycles must have occurred in the 

prebiotic environment, particularly at intertidal zones, just as today 

(Deamer et al., 1994). Although emphasis was placed on the 

encapsulation of various solutes by closed vesicles (Deamer and 

Barchfeld, 1982), this evidence suggests that the dehydration-hydration 

cycles would drive the self-nonself (or endo-exo) circulation. 

Figure 7 shows the co-evolution 

of polymers and vesicles by self–

nonself (or endo-exo) circulation, 

driven by drying-wetting cycles. 

Such cycling environments are 

initially required as the external 

“drive” (see the bottom panel).  

Polymerization is driven during 

the dehydration phase; vesicles 

tend to fuse into multilayered 

structures that could trap solutes 

within single membranes or 

between alternating membranes, 

thereby bringing a variety of 

molecules into close contact with 

one another (see the middle panel 

on the right side). 

 
 

Figure 7: Co-evolution of polymers and vesicles by self-nonself (endo-exo) 
circulation, driven by drying–wetting cycles. 
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Here, membranes are indicated by circles (on the left side) or straight 

lines (on the right side). Polymers and monomers are represented by 

curves and dots, respectively. Via intermolecular interactions, the 

molecules might be weakly selected at any instance.  

Upon hydration, many kinds of polymers and vesicles would be 

produced. Some vesicles could encapsulate nearby solutes, including 

polymers. There may, of course, be some amount of truncation selection 

in which vesicles that develop weak membrane structures are removed 

for maintenance. In this sense, selection would occur at any level of the 

hierarchy. During another round of dehydration, the encapsulated pre-

existing polymers would have an ordering effect on other encapsulated 

monomers because they could serve as “templates” to direct replication 

effectively in a narrow space of multilayered structures (Deamer and 

Barchfeld, 1982).  

Upon rehydration, many different vesicles are formed again from 

multilayered structures, some of which would enclose the solute 

molecules including original templates and several copies. The first self-

replicating polymers, transposable elements, and protoviruses would be 

driven to co-evolve before the autonomous cellular life (see the top panel). 

Note that self-replication is the derived character of the self-nonself 

(endo-exo) circulation. The origin of autonomous cellular life can be 

defined by the events that an autonomous system of self-nonself (or endo-

exo) circulation would arise to take over. 

   As described in Section 3 (see Figure 2), endocytic-exocytic cycles 

emerge as autonomous self-nonself circulation processes typical of 

present-day life. Molecular dynamics, such as the encapsulation of pre-

existing molecules and protein–protein interactions, can be realized as 

intercellular dynamics (see Figure 1) and intracellular dynamics (see 

Figures 2 and 5). 
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5. The Origin and Evolution of Aging  

 
Aging is a puzzling phenomenon for the theory of evolution by natural selection. 

The basic intuition of Darwin was that adaptation could be explained by the enhanced 
survival rates of individuals with heritable attributes that fostered survival and 
reproduction. ・・・ So how does it happen that evolution has so frequently produced 
organisms with survival and reproductive rates that decline with adult age? 

Michael R. Rose 
Evolutionary Biology of Aging, pp. 3 

Oxford University Press, Oxford, 1991 

 

Many thousands of different molecules are organized into a complex 

molecular metabolic network. As one progresses from small subunits to 

large macromolecules in this hierarchical organization, the functions that 

the large macromolecules can perform become more remote from those 

specified by immediate gene instructions and hence more elaborate and 

flexible. We thus see that adaptive cellular behavior emerges out of the 

coordinated activity of the complex network of molecular metabolism. 

As long as this complex network operates effectively, the cell—

independent of whether it is dividing or differentiated—can continually 

adapt to environmental changes. However, at the same time, this complex 

network is always subject to the threat of collapse to a short-circuit 

“catastrophe,” leading to selfish behavior, as in the case of the hypercycle 

(cf. Eigen and Schuster, 1979), because it is impossible to avoid dynamic 

variability. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8: Molecular society within a single non-dividing cell in (a) normal and (b) 
abnormal cases. ○ and ■ denote normal and abnormal molecules, respectively 

(b)

(a)

A cell
Normal molecular ‘society’ within a cell

A cell
Accumulation of abnormal molecules

Time
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   We can begin by considering how natural selection operates at the 

level of molecules within a single non-dividing cell (Murase, 1996; 2008b). 

A “normal” intracellular environment is shown in Figure 8a. Here, a 

number of different circles are used to denote a variety of molecules in 

different states of synthesis and degeneration. Together, they form a 

dynamic stable state. All cell molecules in a dynamic intracellular 

environment are possible targets of mutation and natural selection. 

Although the endocytic-exocytic cycles and many other vesicles are 

omitted for simplicity, we should remember that a dynamic intracellular 

society is maintained due to self-nonself circulation. 

Targeted molecules, which become non-degenerative in nature, may 

begin to accumulate within the cell. This situation can be seen in Figure 

8b, which shows a single molecule that changed from ○  to ■  by 

mutation or external influences. The resultant deformed molecule causes 

nearby normal molecules to become abnormal and, in doing so, acts very 

much like a kind of intracellular “cancer.” Eventually, the accumulation 

of abnormal molecules destroys the cell. This process is the origin of all 

neurodegenerative disorders. 

   Of course, structural variability can give rise to additional variability 

in the resulting dynamics. Even without any structural variability, 

however, dynamic variability can still arise. Just as structural 

components or “elements” are exposed to random variation, self-

organization and natural selection, dynamic processes or “elementary 

processes” may be also subject to variation, self-organization and natural 

selection, independent of whether structural variability is present or not.  

To understand this possibility, let us consider membrane-bound 

proteins, such as the amyloid precursor protein (APP) of beta-amyloid 

(Murase, 1996). Like other macromolecules formed from many subunits, 

the plasma membrane is not a permanent structure; it is continually 

removed and added by endocytic–exocytic cycles, by which APP is 

recycled back to the plasma membrane. Some APP is further affected by 

the endosomal–lysosomal pathway and ends up in lysosomes, where it is 

degraded by proteases for the recycling of amino acids. Here, self-nonself 

circulation plays important roles during the recycling of the plasma 

membrane and of amino acids. 
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Such recycling not only maintains a steady-state distribution of 

membrane components essential to the homeostasis of a cell, but also 

coordinates the cellular processes responsible for the cell's adaptability 

to its changing environment; it provides a potential short-cut to selfish 

dynamics in the absence of structural variability. 

These selfish dynamics, in turn, may trigger structural variability or 

the formation of denatured proteins. Then, denatured proteins begin to 

accumulate because the dynamic processes, like structural components, 

are further subject to random mutations, self-organization, and natural 

selection. Consequently, there are different ways in which structural and 

dynamic variability arise, as suggested by studies of defects in 

intracellular protein trafficking.  

Now, it is clear that self–nonself circulation is a double-edged sword. 

On the one hand, such dynamical processes can generate the dynamic 

steady states necessary for the maintenance of life itself; on the other 

hand, they can result in shortcuts to selfish dynamics, leading to “aging” 

or “disease” states. We therefore consider both benefits and wonders, 

despite potential risks that develop only after time delays. Situations of 

this kind must be the same as those in our living world. Our efforts to 

solve social problems often cause further problems, beyond our 

expectations. Independent of the scales of systems, systemic problems 

always exist; we are surrounded by benefits and wonders, but we are also 

individually subject to health and disease from within. 

In Section 6, let us consider how our perception works and fails to 

work in the context of self–nonself (or subject-object) circulation. 
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6. The Emergence of Dynamic Patterns: Visual Illusion  

 
   Art and cognition have always stood as two convex mirrors each reflecting and 
amplifying the other. 

Robert L. Solso 
Cognition and the Visual Arts, pp.xiiv 

The MIT Press, London, 1993 

 

We have often been confronted with opposition or contradictions. A 

typical example given by Roger Penrose is known as the Penrose 

impossible triangle, as shown in Figure 9 (Left). He created this image in 

1958. Inspired by this illustration, Richard Gregory made a real model in 

1967, as illustrated in Figure 9 (Right).  

This seems to be a compatible contradiction. How does this happen? 

When we see a three-dimensional object, it is projected onto a two-

dimensional retina. We lose information along the depth dimension. 

Rotating the object, we see quite different structures, as shown in the top, 

middle, and bottom panels. Only when we observe the object from a 

certain orientation does the impossible triangle appear. This suggests 

that seemingly conflicting results are compatible when hidden variables 

or missing dimensions are considered. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Roger Penrose impossible triangle (Left) http://en.wikipedia.org/wiki/File:Penrose_triangle.svg. 

A Real model made by Richard Gregory (Right). The same object shows different structures 
depending on the orientation.  
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Much more complex phenomena are found in phantom sensations.  

Even for a static visual stimulus, dark squares can appear and disappear 

endlessly, as illustrated in Figure 10. The visual illusion in this case can 

be understood in the following three steps.   

 

 

 

 

 

 

 

 

 
Figure 10: Visual illusion. Dark squares appear at the intersections of the 
white corridors. A schematic illustration of the retinal neural net is shown 
on the right. A retinal cell excited by light inhibits its neighbors. 

 

First, there is a combination of local activation with lateral inhibition; 

local activation is simply from the incident light and lateral inhibition is 

the inhibition of neighboring retinal cells. When a retinal cell is excited 

by light, it inhibits its neighbors (see right panel of Figure 10). Thus, a 

cell at the intersection has a greater number of illuminated surrounding 

neighbors than a cell in a white corridor and is inhibited more strongly 

than a corridor cell. As a result, a dark square appears.  

Next, let us consider the opposite case, as illustrated in Figure 11.  

 

 

 

 

 

 

 

 
 
Figure 11: Visual illusion: bright squares appear at the intersections of black 
corridors. A schematic illustration of the retinal neural net is shown on the right.  
A retinal cell excited by darkness inhibits its neighbors. 
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Besides the neurons that respond to light, there are also neurons that 

can respond to darkness. These opposing neurons also show lateral 

inhibitions; therefore, intersections appear to be bright. 

Finally, let us consider how the visual illusion disappears. Please look 

at Figure 12. When lateral inhibition occurs along an inclined line upon 

phantom dark squares, the squares disappear. Neurons therefore 

respond not only to the real stimulus, but also to their own outputs. This 

means that there is no clear distinction between the real object and the 

pseudo object. Interestingly, when white ellipses are drown, the dark 

square disappears at the central intersection, although the dark squares 

are still observed in the other intersections of the white corridors. Our 

perception, therefore, creates phantom sensations.  

 

 

 

 

 

 

 

 

 

 
 
Figure 12: Visual illusion: The dark square disappears at the central intersection 
when white ellipses are drown, while the dark squares are still observed in the other 
intersections of the white corridors. A schematic illustration of the retinal neural 
net is shown to the right. A retinal cell excited by darkness inhibits its neighbors. 

 

Again, it is clear that the self-nonself (or subject-object) circulation, 

which is necessary for understanding the outside world, has the potential 

to lead to phantom sensations. 

 

7. Discussion  

 
The crisis of our time isn’t just a crisis of a single leader, organization, country, or 

conflict. The crisis of our time reveals the dying of an old social structure and way of 
thinking, an old way of institutionalizing and enacting collective social forms. 

C. Otto Scharmer 
Theory U: Leading from the Future as It Emerges, pp. 2 

Berrett-Koehler Publishers, Inc., San Francisco, 2009 
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   From “Emerging Self-consistent Life Philosophy” in Section 1 to “The 

Emergence of Dynamic Patterns: Visual Illusion” in Section 6, we have 

discussed six different topics. The present situation seems similar to the 

famous story about six blind men and the elephant.  

In this story, the individual men had quite different impressions of the 

same animal, interpreting it as a wall, a snake, a spear, a tree, a fan, and 

a rope. Each of these answers described a different part of the same 

animal. It was not a question of which answer was correct and which was 

not. The real question must be: “By considering complementary 

perspectives, how do we acquire an improved understanding within 

limited constraints?”  

Lessons learned from this famous story provide deep insights into the 

“truth” beyond complexity. 

 

1) Realization of the Two-Fold Problem 

Unexpected interrelations among different human and nonhuman 

systems (Zolli, 2012) result in a huge “living” Gaia system involving 

systems nested within systems, referred to as “self-nested hierarchical 

systems.” Most major problems in our present age have been poorly 

understood because they are “emerging systemic problems” (cf. Capra 

and Luisi, 2014). How could we understand and solve these emergent 

problems? 

Situations of this kind are truly relevant to attacking the question 

“What is Life?” Despite advanced studies in science and technology, we 

hardly understand “life” as a whole, and so we have failed to develop 

medical therapies effective against emergent diseases, such as cancer (cf. 

Brock et al., 2009). Remember the two-fold problem (described in Section 

2): it is a serious problem that we hardly question the reliability of the 

Western scientific framework within the framework itself, in addition to 

the general problem, “What is Life?” 

In attacking the two-fold problem, we should realize that it can be 

solved in a self-consistent manner; life will always be a process of 

cognition, and living systems are cognitive systems (Murase, 2000; 

Gottwald, 2002). The present paper showed that the simple principle of 

self–nonself circulation could be deduced from the demand that the 

underlying principles should be self-consistent, regardless of the scale 
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with which we are concerned. Once we have realized such a self-

consistent theoretical framework, it becomes possible to understand 

most emerging problems as follows. 

 

2) What is a Crisis? 

Although our world is full of emerging systemic problems, most 

ultimately must be seen as different facets of a single crisis, like the story 

of six blind men and the elephant. 

What is a crisis? It must be a crisis of our perceptions (Scharmer, 

2009; Capra and Luisi, 2014). This is good news—if we can change our 

perceptions with respect to the “living” world, it will be possible to 

recognize emerging problems and thus to let them disappear, just like 

visual illusion (see Figure 12).  

 

3) What is Cognition? 

As there is a crisis of our perception, let us examine the problem “What 

is Cognition?” We are familiar with the Western scientific view that there 

is a very sharp distinction between the perceiving subject and perceived 

object. However, when we try to understand our cognitive process, the 

lack of a clear distinction between subject and object is a serious issue; 

we are both spectators and actors in the world at the same time.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: How we recognize the outside world.  
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As illustrated in Figure 13, the only way to understand the problem 

“what is cognition?” is to construct a new framework involving both the 

perceiving subject and perceived object in a circulating manner. Here, 

induction and deduction, represented by two different arrows, 

correspond to endocytosis and exocytosis in the case of cellular dynamics 

(see Figure 2). 

A “self–nonself circulation” process would operate not only during the 

developmental history of an individual human, including aging, but also 

during the evolutionary history of life itself as well as cognitive function, 

as all of these are undoubtedly products of the continuous actions of life 

in the world and, simultaneously, unavoidable reactions (Murase, M. and 

Murase, T., 2013a; 2013b; 2014; 2015; Murase et al. 2017).  

 

4) Integrationists’ Approach: Fighting Like with Like 

For the development of an integrationists’ approach, we should not 

consider opposing views as mutually exclusive, but instead as 

complementary. In this way, we should not consider “emerging problems” 

as inherently bad, for there must be complementary aspects of the 

problems that lead to good outcomes. 

 

 

Figure 14: Self-nested dynamics.  
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Figure 14 summarizes the wholeness within us, around us, and 

beyond us. Due to self-nested hierarchical structures, relationships 

between subjects and objects appear everywhere, within the subjective 

world as well as the objective world.  

It is, therefore, possible to use the same “systemic forces” that 

generate the “systemic problems” in the first place to attack problems. In 

trying to cope, we can fight like with like.  

 

5) Emerging Problems as Perceptive Illusions? 

   Section 6 deals with visual illusion. Indeed, we have demonstrated the 

recognition of dark squares at the intersections of white corridors in 

Figure 10. However, when white ellipses are placed near the center, as in 

Figure 12, we realized that the visual illusion could be more or less 

suppressed in that area.  

This experience is instructive in three ways with respect to dealing 

with “emerging systemic problems” in our world. 

 

a) We human beings must be considered parts of “systemic problems.” 

Just as a visual illusion does not exist without a perceiving subject, 

emerging systemic problems are not possible without thinking human 

beings. Intensive efforts to deal with emerging problems may be useless 

and even harmful, as these additional efforts may result in further 

emerging problems. Instead of adding additional “forces,” it may be useful 

to “pull down” the forces that already exist. 

  

b) We already know that a visual illusion will appear independent of 

subjects. As long as an observer is present, it is impossible to avoid a 

visual illusion. Similarly, as a person is considered a part of “systemic 

problems,” even if the person is replaced by another person, such 

problems cannot be solved (cf. Meadows, 2008).  

 

c) We have shown that a visual illusion can disappear, even if a 

perceiving subject is operating. A visual illusion disappears only when we 

modify different structures, apart from locations that exhibit the illusion. 

The problems of our world may disappear not by dealing with the 

problems themselves, but by changing quite different systems structures.  
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Conclusion 

It is clear that a very simple principle of sel-nonself (end-exo) 

circulation could govern not only present-day living cells, but also the 

origin of life, the emergence of aging, cognition of the outside world, and 

even visual illusions. This means that we are self-nested hierarchical 

systems.  

Based on this principle of sel-nonself (end-exo) circulation, we have to 

consider both nature and nurture, and not one or the other. They are 

linked together and inseparable via dynamic processes, such as 

circulation. Such endless circulation between nature and nurture—or 

between self (or endo) and nonself (or exo) in the terminology of Murase’s 

theory—gives rise to the emergence of new systems. It is the new systems 

that account for both creative and destructive features of life. The latter 

can be defined as systemic problems.  

Our world, involving humans and surrounding environments, is full 

of complexity. What is Complexity? It has often been characterized by 

unpredictability, diversity, contradictions, and opposition. Actually, we 

have failed to understand how minor events can lead to sudden “emerging 

successes,” leading to miraculous advances in science and technology or 

“abrupt disruptions,” such as global financial crises and unexpected 

consequences, even without natural disasters or human errors (Bak, 

1996). 

What can we do to resolve such emerging systemic problems? We now 

need a Copernican revolution for paradigm shifts in our cognition. We 

should apply the same “systemic forces” that generate the “systemic 

problems” in the first place. We can fight like with like in trying to cope. 

Paradoxes involving contradictions and opposition must be the source of 

creative problem-solving, as they cause emergent problems. 
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