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The RNA World: Life before
DNA and Protein* , . -
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Introduction 4 3

All of the life that is known, all organisms that exist on Earth today or are known
to have existed on Earth in the past, are of the same life form: a life form based
on DNA and protein. It does not necessarily have to be that way. Why not have
two competing life forms on this planet? Why not have biology as we know it and
some other biology that occupies its own distinct niche? Yet that is not how
evolution has played out. From microbes living on the surface of antarctic ice to
tubc worms lying near the deep-sea hydrothermal vents, all known organisms on
this planet are of the same biology.

Looking at the single known biology on Earth, it is clear that this biology could
not have simply sprung forth from the primordial soup. The biological system
that is the basis for all known life is far too complicated to have arisen spon-
tancously. This brings us to the notion that something else, something simpler,
must have preceded life based on DNA and protein. One suggestion that has
gained considerable acceptance over the past dccade is that DNA and protein-
based life was preceded by RNA-based life in a period referred to as the ‘RNA
world’.

Even an RNA-based life foorm would have been fairly complicated — not as
complicated as our own DNA- and protein-based life form — but far too compli-
cated, according to prevailing scientific thinking, to have arisen spontaneously
from the primordial soup. Thus, it has been argued that something else must
have preceded RINA-based life, or even that there was a succession of life forms
leading from the primordial soup to RNA-based life. The experimental evidence
to support this conjecture is not strong because, after all, the origin of life was a

* Edited transcript of a public lecture entitled “The Dawn of Biology Current Views Concerning the
Origins of Life’, presented at the Scripps Institution of Oceanography, La Jolla, California, 16 May
1991.
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historical cvent that left no direct physical record. However, based on indirect
evidence in both the geologic record and the phylogenetic record of cvolutionary
history on earth, it is possible to reconstruct a rough picture of what life was like
before DNA and protein.

What is Life?

It is useful, at the outset, to consider what is meant by the word ‘life’. This word
has a vague popular meaning, making it difficult to provide a rigorous scicntific
definition that will satisfy all audiences. The popular definition of ‘life’ might be
stated simply as: ‘that which is squishy’. Life, after all, is protoplasmic and cellular.
Itis made up of cells and organic stuff and is undeniably squishy. A more mechan-
istic popular definition might be: ‘life is that which cats and procreates’. In a very
broad sense, living organisms turn food into offspring. They metabolize food and
use the energy derived from the food to produce offspring, that is, to produce
more life. Among biologists and biochemists a current working definition of ‘life’
is: ‘a self-sustained chemical system capable of undergoing darwinian evolution’.
This is the definition that I shall adopt for the following discussion. ‘Life’ is that
which evolves in a darwinian sense.

Darwinian evolution occurs as a result of three physical processes: amplifica-
tion, mutation and selection. Amplification involves the replication of a prototype,
or, more precisely, the replication of a genetic description of a prototype. Mutation
is a process that introduces variation during replication of the prototype. Selection
involves choosing among the various replicates to establish a new prototype, which
is then used to begin another round of amplification, mutation and sclection.

How does terrestrial biology cmbody these three processes? It relies on DNA
to provide a genetic description of the prototype. The DNA contains instructions
describing, in effect, how to build and operate the organism. These instructions
are copied from DNA to RNA. The RNA then acts as a2 messenger to carry the
instructions to a complex cellular apparatus, the ribosome, where the instructions
are interpreted to produce proteins. The resulting assemblage of functional pro-
teins might be called the prototype or, morc formally, the ‘phenotype’ of the
organism.

Biology carries out amplification by replicating the genetic description of pheno-
type, that is, by replicating the DNA. Mutations occur during the replication
process, so that the DNA copies resemble, but are not identical with, the parental
DNA. No two copies are exactly alike. Mutations that exist in the DNA copies
are interpreted by the ribosome as altered instructions for the production of
proteins. This results in somewhat altered proteins that may have altered function.




































