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In this lecture, I begin my review of the systems view of life with the question: what are 
the essential characteristics of life at the biological level? The first thing to notice is that 
there is no life on Earth without cells. All living organisms are either single cells or 
multicellular. I can therefore concentrate on cells to discuss the defining characteristics 
of life. Within the cell, there are certain macromolecules — proteins, lipids, DNA, RNA, 
etc. — but their presence is not enough to define life, since they also exist in dead 
organisms.  

A first essential characteristic of biological life is the cell membrane, which 
actively participates in the chemical processes taking place inside the cell. It lets certain 
molecules in and keeps others out, and thereby determines the cell’s molecular identity.  

The second characteristic of life is the metabolism that takes place inside the 
membrane. Cellular metabolism is defined as "the ceaseless flow of energy and matter 
through a network of chemical reactions, which enables a living organism to 
continually generate, repair, and perpetuate itself." Metabolism is the central 
characteristic of biological life. (Section 7.2) 

The understanding of metabolism includes two aspects. One is the continuous 
flow of energy and matter. The second aspect is the network of chemical reactions that 
forms the basis of all biological structures, functions, and behavior. The emphasis here 
is on “network.” One of the most important insights of the systemic understanding of 
life is the recognition that networks are the basic pattern of organization of all living 
systems. Ecosystems are understood in terms of food webs, i.e. of networks of 
organisms; organisms are networks of cells, and cells are networks of molecules. Social 
systems, finally, are networks of communications. Wherever we see life, we see 
networks. 

The defining characteristic of these living networks is that they are self-



generating. The function of each component in the network is to transform and replace 
other components, including those of the cell membrane. This is the main idea of the 
theory of autopoiesis (“self-making“) by Humberto Maturana and Francisco Varela. 
Living systems continually create, or recreate themselves by transforming or replacing 
their components. In this way they undergo continual structural changes while 
preserving their web-like patterns of organization. This coexistence of stability and 
change is indeed one of the key characteristics of life that has been recognized by 
biologists for centuries. (Section 7.3) 

Every interaction with the environment causes structural changes within the 
system. Maturana and Varela call this "structural coupling." A living system couples to 
its environment structurally, i.e. through recurrent interactions, each of which triggers 
structural changes in the system. There are two types of structural changes: changes of 
self-renewal (cyclical changes), and changes in which new structures are created 
(developmental changes). Both types of changes take place continually. However, the 
living organism is autonomous. The environment triggers structural changes, but it 
does not specify or direct them. A living system responds to a disturbance in its own, 
self-organizing way.  

Structural coupling is a very important concept in the theory of autopoiesis. As I 
explain in the lecture, the individuality of living organisms, their historical dimension, 
their learning capability and adaptability, and finally the coexistence of determinism 
and freedom, are all consequences of structural coupling. (Section 7.4) 

The theory of autopoiesis defines biological life as a particular pattern of 
organization — a self-generating network within a boundary of its own making. 
This definition and, more generally, the concept of metabolism, provides a clear 
and powerful criterion for distinguishing between living and nonliving systems. 
For example, it tells us that a virus, or a robot, cannot be considered living, 
because they are not able to synthesize their own components from the food in 
their environment. (Section 7.6) 

However, the theory of autopoiesis does not provide a detailed 
description of the physics and chemistry that takes place inside living organisms. 
For that, we have to turn to the first aspect of metabolism — the flow of energy 
and matter through the living organism. It turns out that the description of these 
metabolic flows is crucial to the understanding of the emergence of biological 



forms and functions. This is the subject of Lecture 3.   
 

 


