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INTRODUCTION TO
THE SECOND EDITION

THis REMARKABLE BOOK was translated by me about
fifteen years ago because I felt keenly that Oparin’s con-
tribution had such great importance for scientists and
non-scientists alike that it should be available to all Eng-
lish-reading people. It is a tribute to its true merits that
the book should be reprinted after a lapse of so many
years, and I gladly yield to the request of the publishers
to write a preface for this edition.

If I were to change the name of this book, I would
suggest “LIFE’s COMING INTO BEING” instead of the less
cumbersome title “THE ORIGIN OF LIFE.” This is not
out of sheer caprice, but in order to escape some con-
notations of the latter title which tend to obfuscate es-
sential basic assumptions and to that extent put the
wrong slant upon the problems to be formulated. To be-
gin with, the title conceals two significant misconcep-
tions. One concerns the durafion of the process. “Origin,”
especially to those brought up in the biblical tradition,
implies a finite and sharply delineated event of creation,
not a process extending over infinite time. Modern paleon-

tologists tell us that evolution of living things, which has
v
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blossomed out with a profusion of plant and animal spe-
cies of almost endless variety, has occupied a period of
something like a billion years. The Earth has retained
an unmistakable record of this for nearly half a billion
years. It will aid the reader to orient himself with regard
to the evolution of species, to be reminded that in this
inconceivably long span of half-a-billion years, registered
in the Earth’s crust by some historical remains, the foot-
marks left by man and his close predecessors encompass
barely one million years, perhaps two-tenths of one per-
cent. But the origination of life, which is the subject matter
of Oparin’s book, precedes by about another billion years
the story of the “Origin of Species” in which Darwin
picks up the thread, and of this earlier period there is
no existing record. While Darwin’s is a well documented
story and his ideas, though highly controversial, can be
bolstered with substantial factual material, Oparin’s story
embracing probably another billion years lacks the sup-
port of ascertainable facts. By its very nature, a theory
of how life had come into being must be highly specu-
lative. Lacking a solid factual basis, the soundness or
acceptability of such a theory can only be judged by
whether or not, or to what extent, it conforms to the cri-
terion of reasonable consistency with established knowl-
edge in various fields of scientific inquiry. The origin of
life was not an occurrence ascribable to some definite
place and time; it was a gradual process operating upon
the Earth over an inconceivably long span of time, a
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process of unfolding which consumed perhaps more mil-
lions of years than was required for the evolution of all
the species of living things. It is one of Oparin’s great
contributions to the theory of the origin of life that he
postulated a long chemical evolution as a necessary pre-
amble to the emergence of Life. One might think of the
evolutionary process passing through three distinct chem-
ical phases, from inorganic chemistry to organic chem-
istry and from organic chemistry to biological chemistry.
And it is true that, if the organic chemist is familiar with
wonders undreamed of by the inorganic chemist, the won-
ders witnessed by the biochemist in his daily tasks stagger
the imagination and sharpen the envy of the organic chem-
ist. These transitions in the history of our Earth were
not isolated events but a continuous flux requiring eons
for their realization. In interpreting the significance of
the word “origin” one must free oneself of the cultural
tradition and conceive it as something entirely outside the
ordinary human framework of time.

The second misconception stems from associations clus-
tering about the word “Life.” To most people Life con-
notes something that crawls, creeps or at least wiggles
if not by means of well articulated appendages at any rate
by temporary protoplasmic protrusions, or cilia, or deli-
cate flagella. Life need not perhaps be visualized in the
form of a stalking elephant but to the layman it may
seem inconceivable except as some unicellular organism

of microscopic dimensions. But even the most primitive
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unicellular organism has a complexity of structure and
function that staggers the mind and is removed from the
beginnings of Life by a genealogy extending for millions
upon millions of years. Possibly, as Oparin so convine-
ingly tells us, it all began some two billion years ago as
a venture in colloidal systems of microscopic size sep-
arating from the “hot thin soup,” to use Haldane’s happy
description of the primordial ocean.

The biologist, unlike the layman, knows no lines of
demarcation separating plant life from animal life, nor
for that matter living from non-living material, because
such differentiations are purely conceptual and do not
correspond to reality.

It is interesting to consider the influence which the
identification of life with cellular organisms exerted on
the theory of spontaneous generation. The famous and
now classical experiments of Pasteur on such primitive
organisms as bacteria are believed to have disposed for
all time the question of the spontaneous generation of
living creatures with the enunciation of the principle that
every living thing must come from another living thing.
The cruder and more naive experimenters, whose efforts
at solving the problem of spontaneous generation were
dubiously rewarded with swarms of maggots or flies, got
the wrong answer because they, unlike Pasteur, lacked
skill, scientific acuity, critical judgment, and above all
else a knack for cleanliness, but all have formulated the
question alike. Basically the question was whether non-
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living matter can be transformed into living matter; in
other words, whether biogenesis is possible. But Pasteur’s
unequivocal experiments have given no answer to this
basic problem. They merely furnished irrefutable proof
that living organisms, mo matter how simple they might
be, cannot be generated from organic matter. Yet, some-
times in the course of evolution of our planet inorganic
and organic matter must have become endowed with or-
ganization which after hundreds of millions of years en-
abled it to develop into organisms. These in turn, after
many more hundreds of millions of years, have spread
over the surface of the planet populating the soil, water
and air with an infinite variety of plant and animal forms.
It may never be possible to devise experiments to prove
or disprove the possibility of biogenesis, and even Pas-
teur’s experiments do not disprove this, but biogenesis
seems to be a reasonably consistent logical necessity.

It is more pertinent to inquire, if such a transforma-
tion of lifeless into living matter occurred once upon a
time, whether this is happening at all times. “There is
no scientific basis,” says Kavanau, “that life may not be
originating continuously upon the earth. The fact that we
have no evidence of such de novo origin is of no particu-
lar significance, for if there is such origin we must an-
ticipate that it would be in units far too small to be treated
in the manner in which we are accustomed to dealing
with organisms. . . . It is likely, however, that the

changes in the conditions at the earth’s surface, since the
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most favorable period for the origin of life, have been
so great that present-day de novo origin, if it occurs,
is highly infrequent.”

The conditions on the Earth during the past couple
of billion years have undergone such radical alterations
that biogenesis may no longer be possible. However, as
Oparin points out, even if biogenesis were operating at
the present time, the innumerable predatory organisms
which populate the Earth would quickly destroy the prod-
ucts of biogenesis.

It will in no measure detract from Oparin’s credit for
this brilliant idea to point out that no less illustrious a
biologist than Charles Darwin himself expressed a sim-
ilar thought in a letter he wrote in 1871 (for the un-
covering of this letter we are indebted to G. Hardin):

“It is often said that all the conditions for the
first production of a living organism are now present,
which could ever have been present. But if (and oh!
what a big if) we could conceive in some warm
little pond, with all sorts of ammeonia and phosphoric
salts, light, heat, electricity, etc., present, that a
protein compound was chemically formed ready to
undergo still more complex changes, at the present
day, such matter would be instantly devoured or
absorbed, which would not have been the case before

living creatures were formed.”



INTRODUCTION xi

The origination of life was a transition from organic
to biological chemistry, from lifeless to living matter,
from the inanimate to the animate realm of Nature. But
what is Life? Is it some new property of organic matter
acquired in the course of evolution or is it something
which resulted from the organization of organic matter?
Irritability, motility, growth, reproduction may be good
aids to differentiate a live from a dead organism but it is
questionable whether these represent the fundamental
properties of primordial life. There is good reason to
think that a certain period of the Earth’s history must
have been marked by complete sterility, i.e. absence of
organisms; therefore, the fundamental property or prop-
erties of living systems must have appeared in highly
complex protein macromolecules antedating the appear-
ance of cellular organisms. Proteins containing nucleic
acid are the only constituents of organisms which are
known to possess the capacity to grow and to reproduce
directly by self-duplication or by replication. But as or-
ganic compounds they can neither grow nor reproduce.
Neither viruses nor genes, both of which represent nucleo-
protein systems, can duplicate or replicate themselves
unless they are incorporated within a suitable cell or
nucleus, Considered simply from the point of view of
capacity to reproduce, are these nucleoproteins living or
non-living systems? Being unable to furnish the free
energy needed for syntheses associated with their repro-
duction, they lack the fundamental property characteris-
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tic for living systems of converting, transporting and
storing energy. An ability to metabolize, involving some
system of catalysts is another fundamental property
which cannot be conceived of except in conjunction with
a mechanism for converting free energy, and we are
deeply indebted to H. F. Blum (Time’s Arrow and Evolu-
tion, 1951) for his masterly analysis of this extremely
important aspect of this subject.

One should add, as a fundamental property of living
systems, a characteristic of their metabolism to form only
one of the two optically active antipodes (i.e. either the
D or the L form of an active compound but never both,
as is the case in organic synthesis). It is not clear how
this remarkable characteristic of living systems had arisen
or whether it contributed to the transformation of non-
living to living matter.

Almost a hundred years ago Engel propounded the
thesis that life is a manifestation of the existence of pro-
teins, but he did not know that in reality life is a man-
ifestation of catalysis by means of enzymes which are
proteins. Chemical reactions in plant and animal orga-
nisms proceed at very high velocities. Without catalysis
there could be no life. In fact, the bulk of protoplasm is
filled with enzymatically specific active proteins. Yet
enzymes are not living matter. Nearly every enzyme
requires some inorganic component which may itself be
catalytically active but in combination with protein this
activity is enormously increased. Possibly the enzymes
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have evolved from these inorganic catalysts and thereby
the tempo of biochemical reactions has been stepped up
a thousand or even a million fold. The unfolding of the
tremendous diversity of living organisms within the last
half-a-billion years, as compared to the relatively very
slow evolution of the preceding billion years may have
resulted from the association of the primitive metal cata-
lysts with proteins. But we know that the protein cata-
lysts (enzymes) had already been operating at the very
dawn of the appearance of plant and animal life. Al-
though enzyme systems have been highly diversified in the
course of evolution, their basic pattern has persisted
through the geologic ages. It might almost be asserted
that the earliest organisms had acquired the basic prin-
ciples of biochemical catalysis and no new principles
had been invented to replace them. Thus, the very lowly
Bryozoa are known to have maintained morphological uni-
formity for hundreds of millions of years. If we assume
that the Bryozoa have also maintained physiological uni-
formity throughout their inconceivably long life history,
it must be concluded that the enzymes of heavy metal
electron transfer have been operating in cellular respira-
tion ever since living organisms have inhabited the Earth.
Evolution has flowered from the Bryozoa (and probably
long before them) to the vertebrates, but the heavy metal
electron transfer enzyme system has persisted through
all these hundreds of millions of years as the basic de-
sign of cellular respiration.
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Similarly, if we consider the lowly bread mold (Neu-
rospora), also of very ancient and venerable geologic
age, we witness the persistence over millions of years of
enzyme systems which, with some modifications, are still
found operating in higher organisms, including man.

The coenzyme factors (the so-called vitamin B com-
plex) seem to be universally distributed and, what is
more significant, the chains of biochemical reactions by
which each factor is synthesized appear to be the same
in most divergent organisms. The biochemical unity sug-
gests that the coenzymes became part of a basic metabolic
plan laid down even before evolution, acting through nat-
ural selection, had created a highly diversified flora and
fauna.

The only known means for storing, transforming and
mobilizing energy for the metabolism in living organisms
is the system of high energy phosphate bond, namely
Adenylic Acid — Adenosinediphosphate ‘__:\‘ Adenosine-
triphosphate. This system, which is chemically related
to the nucleic acids, played a paramount role in the
transfer of free energy from the very beginning of life,
and undoubtedly played a very critical role in the transi-
tion from the non-living to the living state. The system
has thus been preserved through the long geologic ages
apparently unchanged. Though this, too, is one of the
most essential endowments of life and, since non-living
became living matter, it persisted in the organized cellu-
lar structure, yet this all-important system for transfer
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of free energy, outside its biological setting, is just or-
ganic matter.

If life is a manifestation of the existence of proteins,
or more correctly a manifestation of catalysis by means
of protein enzymes, the origin of life must have coincided
with the origin of proteins if not actually preceded by
them. Did protein precede the enzymes or did the enzyme
the proteins? If growth and reproduction depend upon
nucleoproteins, the nucleoproteins should have antedated
the emergence of protein and of living organisms. But the
synthesis of proteins could not have occurred without
the aid of energy transformers or appropriate enzymes.
This line of reasoning of what came first in the proces-
sional of life can be continued ad infinitum without any
tangible gain in understanding because this line of rea-
soning starts from a wrong premise. One becomes cap-
tive of a chain of arguments attempting to solve the para-
dox of how substances, absolutely indispensable to the
existence of living systems, came into being before the
living systems existed, which alone seem to possess the
ability to produce these essential components, The prob-
lem is really quite insoluble since it is formulated upon
a tacit assumption that the emergence of living from
non-living could only have followed a hierarchical order,
thus A ~B 5 C s D s E s L but

4 7 /4 7 ?

life could have originated not as the end link of a chain

of consecutive events but by simultaneous coordination
of several factors
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As long as the cell is considered as the unit of life,
the origin of life must remain a paradox. But like the
erstwhile atom in chemistry, the cell has lost its prestige
as the ultimate unit in biology. Both the atomic and the
cellular theories have become obsolete. The cell, like
the “indivisible” atom, is now recognized as a highly or-
ganized and integrated system built up from extremely

small and distinct particles. Whether the ultimate par-
ticles of life have been found and identified is very
doubtful, some of the units themselves being highly or-
ganized entities, but the concept of a cell as the unit of
life has been thrown out of the window together with the
atom.

It has long been recognized that a cell consists of two
main parts, the nucleus and cytoplasm. The nucleus is
further differentiated into a nucleolus and chromosomes,
the latter conmsisting of tiny particles, the genes, which
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are arranged in fibrils and are propagated by self-divi-
sion. These particles are composed predominantly of
nucleoproteins extremely rich in desoxyribonucleic acid
(DNA). This DNA is not only the unique nuclear con-
stituent but is most likely the genetic material. The nucleus
is extremely poor in enzymes and its only demonstrable
biochemical potentiality is the synthesis of nucleic acids.
Removed from the cell, however, the isolated nucleus rap-
idly loses its viability and fails to function when it is
replaced into an enucleated cell. Without the necessary
mechanisms to furnish its energy requirements, it is com-
pletely dependent upon the cytoplasm, but it is not para-
sitic. In all probability it supplies the cytoplasm with
ribonucleic acid (RNA), and their interrelationship should
be described as symbiotic. Speaking figuratively, a nucle-
us isolated from the cytoplasm has no future, nor much
of a present either.

Protoplasm is a highly complex colloidal system of
such lability that it tends to break down spontaneously.
During life it is in a steady dynamic state, and energy
furnished by the metabolic mechanism is constantly re-
quired to maintain its structure intact. But since metab-
olism is a regular sequence of chemical reactions which
must occur at the right time and at the right place, the
protoplasm must be a highly integrated system of en-
zymes whose activity is strictly controlled (by alternate
activation and inactivation). Any disturbance in the en-
zyme pattern will tend to destroy the orderly structure of



