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Energy & Evolution
Ludwig Boltzmann,in 1886,'
observed that "the life contest is a
competition for energy." Several
authors in the early 20th century
made similar observations and in
1945, Aj. Lotka formulated a
"law of evolution" which states
that natural selection maximizes
the rate of flow of energy through
organisms.2 Our newer knowledge now allows us to characterize this energy.
Biological evolution may be
defined as the process which converted amino acids and other
organic compounds in waters of
the prebiotic Earthto the proteincontaining organisms we have
today. In my view, the energy
expended during evolution has
four parts, the freeenergies (AGs)
of four consecutive chemical
processes:
* the very slow formation
of peptides from amino
acids3
* the self-assemblyof
lengthy double stranded
protein-containingstructures capable of self replication'
* the coupling of the formation of peptide-containing
structureswith the degradation of substances such
as sugars and fats, mediated in evolved organisms
by adenosine triphosphate (ATP)
* the formation of sugars

through photosynthesis.
The origin and evolution of
organisms is thus equated with
the chemical and physical
processes of the nonliving world,
allowing a provisional definition
of life as a chemical process centered by the formationand degradation of proteins.) (For another
definition of life, see Reference5)
The immense complexity of
organisms arises through natural
selection for maximal rates of
energy expenditure.26
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