The mystery of life

by George T. jJavor

Probing the secret of life leads

to an all-wise Creator.
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he study of living matter is at the
center of all current scientific efforts.
Recent triumphs include the clon-
ing of Dolly the sheep and acquisition
of the complete sequence of three bil-
lion nucleotides of the human chromo-
somes.! But strangely, life itself is not
the object of much study. Scientists
seem to take the existence of life for
granted. It is difficult to find any ex-
tended discussion on the essence of life
in currently available monographs or
textbooks. These publications explain
well how living matter is put together
and how its components function. But
such information is not enough to ex-
plain life because the constituents of liv-
ing matter themselves are lifeless.
Suppose we take apart the living mat-
ter, and then recombine the isolated
components. The work will yield an im-
pressive collection of inert substances—
but not life. So far, science has not creat-
ed living matter in the laboratory. Is this
because living matter contains one or
more components that cannot be sup-
plied by the chemist? The answer, as de-
veloped in this article, will suggest an
important point regarding the origin of
life.

What is the origin of life?

More than 100 years ago Louis Pas-
teur and others proved the folly of abio-
genesis—the spontaneous transforma-
tion of non-living matter into living or-
ganisms. Biologists now simply say, “life
comes only from life.” Nevertheless, sci-
entists generally accept the concept that
life developed abiologically on a primor-
dial Earth. By doing so, they conve-
niently assert that conditions on a “pri-

mordial world” were conducive to gen-
erate life spontaneously.

Others theorize that perhaps life was
imported to Earth from outer space. But
while Earth is covered with millions of
different species of organisms, there is
no evidence of life anywhere in the so-
lar system. And beyond it, there is three
and a half light years of empty space un-
til the nearest star, the Alpha Centaury.

The last logical option for the origin
of life is creation by a supernatural Cre-
ator. But science, in its attempt to ex-
plain everything by natural laws, rejects
the creation option as being outside the
scientific realm.

Life not a tanglble entity

Life is not a tangible entity. It cannot
be put into a jar or handled. We only see
“life” in association with unique kinds
of matter that have the capacity to grow
and divide into replicas, are able to re-
spond to various external stimuli, and
utilize light or chemical energy to ac-
complish all of these things.

The term life has different meanings,
depending on whether it refers to an or-
ganism, an organ, or a cell. Human or-
gans may continue to live after a per-
son’s death if, within a certain time,
they are transplanted into another liv-
ing person. Survival of a transplanted
liver, kidney, or heart means something
quite different from human “life.” Fur-
thermore, the life of each organ de-
pends on the vitality of its cells.

All manifestations of life depend on
living cells, the most fundamental units
of living matter. When a live cell is tak-
en apart, a collection of very complex,
but lifeless sub-cellular structures re-
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main: membranes, nuclei, mitochon-
dria, ribosomes, etc.

Is there an unbroken continuum be-
tween living and non-living matter, as
some would assert? If so, the question of
the origin of life becomes moot. Moving
from one state to the other would be
similar to other chemical transforma-
tions. Examples of organisms that sup-
posedly bridge the chasm between liv-
ing and non-living include viruses, pri-
ons, mycoplasmas, rickettsiae, and cla-
midiae.

In fact, viruses and prions are biolog-
ically active but non-living entities. The
term “live virus” is a misnomer, even
though a virus is a biologically active
agent that infects living cells. Prions are
unique proteins that have the capacity
to alter the structures of other proteins.?
The newly changed proteins in turn ac-
quire prion-type activity, creating a
domino effect of protein alteration. This
property of prions renders them infec-
tious. For reproduction, prions, like vi-
ruses, need living cells.

Rickettsiae, chlamidiae, and myco-
plasmas, on the other hand, are among
the smallest known living organisms.
The first two have serious metabolic de-
ficiencies, and can only exist as obligate
intracellular parasites. There is a wide gap
between living and non-living matter.
This is best reflected in our inability to bring
life to non-living matter in the laboratory.

Table 1

The composition of living matter

Structurally, living matter is com-
posed of a combination of water and of
large, fragile, lifeless molecules, proteins,
polysaccharides, nucleic acids, and lip-
ids. Table 1 lists the gross chemical com-
position of a typical bacterial cell, Es-
cherichia coli.

Water serves as the medium in which
all chemical changes occur. Proteins and
lipids are the principal structural com-
poneats of cells. Proteins also control all
chemical changes. Without chemical
changes, life cannot exist. How proteins
interact with chemical changes is cen-
tral to understanding the chemical basis
of life.

The structure of proteins:
An analogy from language

Proteins come in thousands of differ-
ent forms, each with unique chemical
and physical properties. This diversity is
due to their size: Each protein can con-
tain hundreds of amino acids, and there
are 20 different amino acids. What each
protein is capable of doing depends on
the order in which its amino acids are
linked. To understand this feature of bi-
ology, consider the analogy of written
language.

In any language, the meaning of
words depends on the sequences of let-
ters. In English, for example, we have 26
letters. Out of these we make words. An

Components of Escherichia coli Cells

Component Percent Number of molecules Number of different

of total weigh per cell kinds of molecules
Water 70 24.3 biflion 1
Proteins 15 2.4 million 4,000 approx.
Nucleic acids 7 255 thousand 660
Polysaccharides 3 1.4 million 3
Lipids 2 22 million 50-100
Metabolic intermediates 2 many millions 800
Minerals 1 many miflions 10-30

Dialogue 14:1 2002

estimated 500,000 different combina-
tions of letters are recognized as mean-
ingful words. With some effort, we
could produce another 500,000 or more
nonsensical combinations. Similarly,
the millions of different proteins repre-
sent but a tiny fraction of all possible
combinations of amino acids.*

When words are misspelled, their
meaning is garbled or lost. Likewise, for
proteins to function properly, their ami-
no acids must follow one another in the
correct order. The results of alterations
in the amino acid sequence can be dras-
tic. The oxygen-carrying protein in
blood, hemoglobin, is built from four
chains of more than 140 amino acids
each. In sickle cell anemia, an inherited
disease, an altered amino acid occurs in
the sixth position of a specific sequence
of 146. This change causes distortion of
the red blood cells, resulting in anemia
and many other problems.

Genetic Information
and amino acid sequences

How does the protein-building appa-
ratus know the correct amino acid se-
quences for each of the thousands of
proteins? The chromosomes of each cell
are libraries filled with just such infor-
mation. Each volume in this library is a
gene. When the cell needs a particular
protein, it activates the protein’s gene
and synthesis begins. The details of this
process can be found in any current bi-
ology or biochemistry textbook. Here it
is sufficient to note that more than 100
separate chemical events have to occur
for protein synthesis to happen.

All manifestations of life depend on
chemical changes. These changes hap-
pen when atomic clusters (molecules)
gain, lose, or rearrange atoms. A class of
proteins, enzymes, bind specific mole-
cules and facilitate their chemical trans-
formations. In E. coli, there are about
3,000 different types of enzymes, facili-
tating 3,000 different chemical changes.

Enzymes speed up reactions enor-
mously. This could be a huge problem,
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because once the reaction is completed,
its end point—known as equilibrium—
is reached and no further chemical
changes occur. Because life depends on
chemical changes, when all reactions
reach their end points, the cell dies.

Amazingly, in living matter none of
the reactions ever reach equilibrium. This is
so, because the chemical transforma-
tions are interlinked, so that the product
of one chemical change forms the start-
ing substance of the next. If biological
molecules were represented by capital
letters of the alphabet, a typical se-
quence of chemical conversions would
look like Figure 1.

Such a sequence, or “biochemical
pathway,” resembles a factory assembly
line. The end product of this particular
pathway, substance F, is utilized by the
cell, therefore it does not accumulate. In
living matter, every one of the millions
of molecules (Table 1) is kept track of.
Any shortage or excess immediately re-
sults in adjustment in the rates of chem-
ical transformations.

Figure 2
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Figure 2 shows that in a live cell mat-
ter is organized into successively more
complex hierarchies. The arrows repre-
sent biochemical pathways, leading
from simple to complex substances. The
interdependence among cellular com-
ponents in the vertical direction paral-
lels the logical relationships of written
language among letters, words, and sen-
tences all the way to the level of a book.

However, the degree of tolerance for
errors is much smaller in biology. Mis-
spelled words, garbled sentences, or
missing paragraphs may not render a
document useless. But given the tight
functional interdependence of its com-
ponents, cells would be in big trouble if
they lack a full complement of parts.

There is horizontal complementation
among cell components as well. For ex-

Organization of Matter in the Cell

> D > E —> F

ample, proteins cannot be manufac-
tured without assistance from nucleic
acids, and nucleic acids cannot be made
without proteins. From a chemical evo-
lutionary perspective, this problem re-
sembles the classic “chicken and egg”
problem. (See Figure 2.)

Each biosynthetic pathway feeds into
successively more complex levels of or-
ganization of matter. Every pathway is
regulated so that its output is appropri-
ate for the needs of the cell. The life of
the cell depends on the harmonious and
nearly simultaneous operation of its
many components. During balanced
growth, a steady state exists; that is,
there are only minimal perturbations in
the flux of matter through the path-
ways. Since none of the reactions is per-
mitted to reach its end point, each of the
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thousands of inter-linked chemical reac-
tions is in a non-equilibrium, steady state.

Chemical evolutionary efforts

If there are forces in nature that bring
about life, we should search diligently
to discover and harness them. If abio-
genesis is possible, it could be harnessed
to restore dead cells, organs, and even
organisms to life. Who would argue that
creating living matter, or reversing
death, would not be humanity’s most
significant scientific achievement?

However, the history of biochemistry
suggests that this is unlikely. In the
1920s, when Oparin and Haldane first
proposed that life originated spontane-
ously on a primordial Earth, biochemis-
try was in its infancy. The concep itself
was an elaboration of Darwin’s idea that
life arose in some warm pond.® The first
metabolic pathway was described only
in the 1930s. The structure and function
of the genetic material began to be un-
derstood in the 1950s. The first amino
acid sequence of a protein, insulin, was
mapped in 19535 and the first nucleotide
sequence of the chromosome of a living
organism was published in 1995.

As the chemical basis of life began to
be understood better, it turned out to be
far more complex than originally imag-
ined and the early abiogenetic sugges-
tions should have been reconsidered.
Instead, science embarked on a half a
century long journey to demonstrate
experimentally the plausibility of spon-
taneous abiogenesis.

The first experiments suggesting the
plausibility of chemical evolution were
done by Stanley Miller, who in 1953 re-
ported the synthesis of amino acids and
other organic substances under simulat-
ed primordial conditions.® Subsequently
a sub-discipline emerged, which provid-
ed laboratory evidence of the produc-
tion of 19 of 20 amino acids, and four or
five nitrogenous bases needed for nucle-
ic acid synthesis, monosaccharides, and
fatty acids, all under varying hypotheti-
cal primordial conditions.” All of these
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substances are the components from
which the large biopolymers are made,
projecting the possibility of the primor-
dial production of biopolymers.

However, actually demonstrating the
linking of building blocks into chains of
polymers could not be accomplished.
Every link between building-block type
substances requires the removal of wa-
ter. This is next to impossible in the
aqueous environment of the hypotheti-
cal primordial oceans. Furthermore, the
sequences in which amino acids are
strung together in proteins, or nucle-
otides in nucleic acids, are what deter-
mine the function of these biopolymers.
Outside of living matter, there are no
known mechanisms to ensure meaning-
ful, reproducible sequences in proteins
or nucleic acids.

Under simulated primordial condi-
tions protein-like matter has been made
by heating powders of amino acids to
high temperatures. However, these
“protenoids” were amino acids random-
ly linked by unnatural bonds® and have
little resemblance to actual proteins.

Nucleotides, the building blocks of
nucleic acids, have not yet been synthe-
sized under simulated primordial condi-
tions. This is a formidable task, which
requires attaching a purine or pyrimi-
dine base to a sugar and that to a phos-
phate. The challenge here is not only
the removal of water, but that these
three components may be linked to-
gether in dozens of different ways. All
combinations but one are biologically
irrelevant. Needless to say, nucleic acids
have not been synthesized.

But this has not stopped many scien-
tists from postulating that the earliest
living cells contained primarily ribonu-
cleic acids. This “RNA world” hypothe-
sis gained popularity after it was discov-
ered that certain RNA molecules had
catalytic activities. Until then, it was be-
lieved that catalysis was the exclusive
province of proteins.

Even though it is not possible to
make biologically useful biopolymers

under simulated primordial conditions,
we can obtain them from once-living
cells. Mixing these isolated biopolymers
shortcuts chemical evolution, making it
possible to test whether life will start
from such a mixture. But in such prepa-
rations everything is at equilibrium.
Since life happens only when all chemi-
cal events within the cell are in a state of
non-equilibrium, the best that can be
accomplished by this method is the as-
sembly of dead cells.

How to make living matter

We know exactly how to create living
matter: First, design and synthesize a
few thousand different’ molecular ma-
chines that are capable of converting
simple substances, commonly available
in the environment, into complex
biopolymers. Second, make sure that
such devices are capable of precise self-
reproduction. Third, ensure that these
units can sense their environment and
adjust to any changes in it. Then it is
only a matter of starting hundreds of
biochemical pathways simultaneously,
maintaining the non-equilibrium status
of each chemical conversion by ensur-
ing availability of a continuous supply
of raw starting materials, and providing
for the efficient removal of waste sub-
stances.

A minimum requirement to create
such complex biological devices is an
absolute familiarity with matter on the
atomic and molecular level. You will
also need to have great ideas regarding
the uses to be made of these complex
living machines, hopefully in propor-
tion with the effort expanded in creat-
ing them. Fashioning living cells re-
quires absolute control over every mole-
cule, large and small. This is a capacity
that science does not have. Chemists
can manipulate large numbers of mole-
cules from one form into another, but
they cannot transport selected mole-
cules across membranes to reverse con-
ditions of equilibria. This is why we can-
not reverse death.
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So how did life originate on Earth?
This article has revealed the great dis-
crepancy between the biochemistry of
living matter and of the claims of those
who would explain its origins by spon-
taneous abiogenesis. Fifty years of bio-
chemical research has shown unequivo-
cally that under any conditions, sponta-
neous abiogenesis is an impossibility. It
is only a matter of time before the edi-
fice called “chemical evolution” will
collapse under the weight of facts.

For the believer in the Creation ac-
count of the Bible, the assertion that
only the Creator can make life is not an
argument for the “God of the gaps”. We
have a pretty good idea of what it takes
to create life, only we cannot do it. It is
an affirmation that life cannot exist
apart from God. Indeed, life itself be-
comes an evidence for an all-wise Cre-
ator who chose to create life and share it
with us.

George T. Javor (Ph.D., Columbia Uni-
versity) teaches biochemistry at Loma Lin-
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