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ENDORSEMENTS

I am happy to recommend this to those interested in the chemistry of

life. The author is well established in the field of chemistry and pres-

ents the current interest in biology in the context of chemistry. I am
happy to recommend the work.

—Sir John B. Gurdon, PhD, Nobel Prize in

Physiology or Medicine (2012), Co-Founder of The

Gurdon Institute, University of Cambridge

An interesting study of the part played by foresight in biology.

—Brian David Josephson, PhD, Nobel Prize in Physics (1973),
Professor Emeritus of Physics, University of Cambridge

It's my pleasure to highly recommend the book Foresight by Dr. Mar-
cos Eberlin as excellent and instructive material. This book provides
masterful information about teleology, an exciting and prominent
scientific field that provides irrefutable evidence of foresight in na-
ture, The arguments raised in the book are convincingly supported
by incontestable and previously published experimental data, much
of it gathered from prestigious scientific journals. Dr. Marcos Ebetlin
brilliantly makes use of his expertise, achieved in more than twenty-
five years applying mass spectrometry in assorted areas such as bio-
chemistry, biology, and fundamental chemistry to outline a convine-
ing case that will captivate even the more skeptical readers. Eberlin’s
book demonstrates that the currently available scientific knowledge
increasingly points to the existence of a supreme being who carefully
planned the universe and life. This breakthrough will revolutionize

science in the years to come.
—Rodinei Augusti, PhD, Full Professor of Chemistry, Federal
University of Minas Gerais, Belo Horizonte, Brazil



Despite the immense increase of knowledge during the past few cen-
turies, there still exist important aspects of nature for which our sci-
entific understanding reaches its limits. Eberlin describes in a concise
manner a large number of such phenomena, ranging from life to as-
trophysics. Whenever in the past such a limit was reached, faith came
into play. Eberlin calls this principle ‘foresight. Regardless of whether
one shares Eberlin’s approach, it is definitely becoming clear that na-
ture is still full of secrets which are beyond our rational understand-
ing and force us to humility.
—Gerhard Ertl, PhD, Nobel Prize in Chemistry (2007),
Former Director of the Department of Physical Chemistry, Fritz
Haber Institute of the Max Planck Society, Berlin, Germany

Marcos Eberlin, one of the best chemists in the wotld today, has writ-

ten a must-read, superb book for anyone considering what indeed sci-
ence says of the universe and life.

—Dr. Mauricio Simdes Abrio, Professor at the University of

S3ao Paulo Medical School, Sao Paulo, Brazil, Editor-in-Chief

of the Journal of Endometriosis and Pelvic Pain Disorders

Why would a man stand against an army? Perhaps the man is crazy.
Perhaps he wants to commit suicide. Or just maybe the man has some
very powerful weapons. Prof. Marcos Ebetlin is this man. In Fore-
sight, Eberlin challenges an almost universally accepted theory. What
are his weapons for attacking such a strong fortress? It is your choice
to agree or not with his evidence and arguments. You may in the end
conclude he is right, or that he is indeed mad. But to understand Eb-
etlin’s side and to be intellectually honest, this is a must-read book.
—Brenno A. D. Neto, PhD, Professor of Chemistry,
University of Brasilia, Brasilia, Brazil, Associate Editor for
RSC Advances, a journal of the Royal Society of Chemistry

Foresight fascinated me by its breadth and depth of knowledge of all
things biological. Drawing from his specific field of chemistry, Mar-
cos Ebetlin reveals the astonishing ways that the chemistry of DNA
and RNA make them perfect for their tasks. If you ever wondered in



biology class why RNA uses ribose and DNA uses deoxyribose, or
why RNA uses uracil and DNA thymine, Marcos Eberlin’s book will
tell you why, and how their perfect suitability for their purpose is a
remarkable example of foresight. As Eberlin’s detailed description re-
veals, the chemistry and biology of DNA and RNA come together in
an intetlocking puzzle that goes click when it’s all in place. The fit, and
the foresight required to build it, are incredible. Eberlin’s book also
deals with life on the organismal level—everything from our sense
organs to sexual reproduction and the wondrous structure of a bird’s
egg. None of his foresight arguments are based on a lack of knowl-
edge, or a God-of-the-gaps-mentality. They are based on positive
knowledge of what the biochemistry and physiology of life require.
—Ann Gauger, PhD, Senior Fellow, Center for Science
and Culture, Co-Author, Science and Human Origins

In his newest book, Foresight, award-winning and prominent re-
searcher Prof. Marcos Eberlin cogently responds to crucial questions
about life’s origin, using an arsenal of current scientific data. Eberlin
illustrates his points with varied examples that reveal incredible fore-
sight in planning for biochemical systems. From cellular membranes,
the genetic code, and human reproduction, to the chemistry of the
atmosphere, birds, sensory organs, and carnivorous plants, the book
is a light of scientific good sense amid the darkness of naturalistic ide-
ology.
—Kelson Mota, PhD, Professor of Chemistry,
Amazon Federal University, Manaus, Brazil

Foresight is for those willing to challenge themselves with a new per-
spective, for free people who dare to go beyond scientific dogmas.
Marcos Eberlin’s book is a journey through the evidence in chemistry
and biology for the indispensable role of foresight in the origin of life
and the universe, presented by the author in an easily understood and
engaging way.
—Daniela de Luna Martins, PhD, Associate Professor of
Chemistry, Fluminense Federal University, Rio de Janeiro, Brazil



Foresight provides refreshing new evidence, primarily from biology,
that science needs to open its perspective on the origin of living things
to account for the possibility that purely natural, materialistic evolu-
tion cannot account for these facts. The book is written in an easy-
to-read style that will be appreciated by scientists and non-scientists
alike and encourages the reader to follow the truth wherever it leads,
as Socrates advised long ago.

—Michael T. Bowers, PhD, Distinguished Professor, Department of
Chemistry and Biochemistry, University of California Santa Barbara
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1. FORESIGHT IN LIFE

BIOLOGY IS IN THE MIDST OF A GOLD RUSH OF DISCOVERY. AT MY
previous academic institution, the University of Campinas in Sio
Paulo, Brazil, I ran the Thomson Mass Spectrometry Laboratory for
twenty-five years. There my team and I delved into many areas of chem-
istry, biochemistry, and medical science that until recently were still too
new to have names—everything from proteomics, lipidomics, and mass

spectrometry imaging to petroleomics and bacteria fingerprinting,

My research, along with my role as president of the Brazilian Mass
Spectrometry Society and the International Mass Spectrometry Foun-
dation, has brought me into contact with other leading researchers in
Brazil and around the globe. And when we come together at conferenc-
es, the excitement is palpable. Thanks to a cluster of breakthrough tech-
nologies and techniques, almost every week reveals some new wonder in

the biological realm.

Some of these discoveries yield new medicines or medical tech-
niques, such as the abundantly awarded cancer pen recently developed
by my daughter Livia. Others give engineers new ideas for inventions
in the burgeoning field of biomimetics. Still others have no immediate
practical application; they're just revelations of beautiful biological inge-

nuity—scientific discovery for its own sake.

All of this new knowledge is exhilarating in its own right. At the
same time I am now convinced that many of these discoveries, taken
together, point beyond themselves to something even more extraordi-
nary. This new age of discovery is revealing a myriad of artful solutions
to major engineering challenges, solutions that for all the world appear
to require something that matter alone lacks. I will put this as plainly

as I can: This rush of discovery seems to point beyond any purely blind
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evolutionary process to the workings of an attribute unique to minds—

foresight.

And yes, I know: We're told that it’s out of bounds for science to go
there. We will take up that claim in subsequent chapters. But regardless
of where you ultimately land on the question of what conclusions science
should or shouldn't allow, and whether or not you ultimately affirm that
this gold rush of new evidence points to the workings of foresight, I urge
you to inspect the evidence. Curiosity may have killed the cat, but it's

done wonders for the scientific enterprise.

The many and ingenious examples uncovered in recent years are
so numerous they could fill many large volumes. The pages that follow
highlight only a small fraction of the total. But that fraction is filled with
marvels, We'll look at everything from insect gears and power-punching
shrimp to carnivorous plants and a protein machine in the avian eye that
may harness quantum entanglement, allowing birds to see Earth’s mag-

netic field.

We begin, however, with an example that appears mundane—

though only at first glance.
A Membrane and Its Channels

L1re THRIVES in our diverse planetary environment, thanks in no small
part to the many ways Earth is fine-tuned for life. But Earth can also be
extremely hostile to life. The oxygen molecule (Oz) is, for instance, essen-
tial to life; but only a life form that can efficiently wrap and transport the
devil O, exactly to a place where it can be used as an energy source would

benefit from its angel side. Otherwise, 0, becomes life’s greatest enemy.

Rupture the membrane of a living cell, exposing it to the air, and
you will see the great damage O, and a myriad of other chemical invad-
ers can do to a perforated cell. Death would be swift and sure. From
an engineering standpoint, then, it was essential that a way be found to
protect the cell, life’s most basic unit. The solution was clever: The cell

was surrounded by a strong chemical shield, from the very beginning,
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It is often said that a solution always brings with it two addition-
al problems, and a cellular membrane shield is no exception. A simple
shield could indeed protect the cell interior from deadly invaders, but
such a barrier would also prevent cell nutrients from reaching the inside
of the cell, and it would trap cellular waste within. Small neutral mol-
ecules could pass through the membrane, but not larger and normally
electrically charged biomolecules. A simple shield would be a recipe for
swift, sure death. For early cells to survive and reproduce, something
more sophisticated was needed. Selective channels through these early

cell membranes had to be in place right from the start.

Cells today come with just such doorways, specialized protein chan-
nels used in transporting many key biomolecules and ions. How was
this selective transport of both neutral molecules and charged ions engi-
neered? Evolutionary theory appeals to a gradual, step-by-step process of
small mutations sifted by natural selection, what is colloquially referred
to as survival of the fittest. But a gradual step-by-step evolutionary process
over many generations seems to have no chance of building such won-
ders, since there apparently can't be many generations of a cell, or even
one generation, until these channels are up and running, No channels,

no cellular life.

So then, the key question is: How could the first cells acquire proper
membranes and co-evolve the protein channels needed to overcome the

permeability problem?

Even some committed evolutionists have confessed the great dif-
ficulty here. As Sheref Mansy and his colleagues put it in the journal
Nature, “The strong barrier function of membranes has made it difficult

to understand the origin of cellular life.”

And that’s putting it delicately. Somehow, a double-layer mem-
brane—{lexible, stable, and resistant—needed to be engineered, one that
would promptly and efficiently protect the cell from the devastating O,
permeation, remain stable in aqueous acid media, and ably handle fluc-

tuations in temperature and pH (Figure 1.1). To do all these tasks, the
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Membrane ~—
Protein Channel

Figure 1.1. The double-layer membrane encloses our cells. It is very flex-
ible, but it also has high mechanical and chemical resistance. The many
intricate membrane components and the capacities it possesses that are
required to keep a cell alive make the appearance of foresight in the origi-
nal assembly of the membrane all but overwhelming.

cell’s molecular shield also would need a mechanism to sense changes in
temperature and pH,” and react accordingly, adjusting the membrane’s

chemical composition to handle these physical and chemical changes.

For instance, as Diego de Mendoza explains, bacterial cells “remodel
the fluidity of their membrane bilayer” by incorporating “proportionally
more unsaturated fatty acids (or fatty acids with analogous properties)
as growth temperature decreases.” The process is known as homoviscous
adaptation. Cell membranes, in other words, can initiate a series of cel-

lular responses that react to a change in environmental temperature.’

If you were to bid this demanding, multifaceted job out to the most
technologically advanced engineering firms in the world, their top en-
gineers might either laugh in your face or run screaming into the night.
The requisite technology is far beyond our most advanced human know-
how. And remember, getting two or three things about this membrane
job right—or even 99% of the job—wouldn't be enough. It is all or death!

A vulnerable cell waiting for improvements from the gradual Darwinian
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process would promptly be attacked by a myriad of enemies and die,
never to reproduce, giving evolution no time at all to finish the job down

the road.

It seems, then, from all the biochemical knowledge we now have,
that the cell membrane’s many crucial requirements had to be foreseen,
and delivered on time, for the earliest cells to survive and reproduce in

an aqueous environment.

And that's just the beginning of the foresight apparently required
to deliver a membrane good enough to make cellular life viable. Such a
membrane wall, with its many intricate abilities, also requires a veritable
Swiss Army knife of biomolecules. And happily, these were provided in
the form of an amazing class of exquisitely designed biomolecules: the
phospholipids (Figure 1.2).

These biomolecular pieces had to be just right. To construct a chem-
ical shield sophisticated enough to allow cells to survive and thrive, there
seems to be no substitute for phospholipids. Sometimes I come across
articles in journals such as Science and Nature* theorizing about simpler,
primordial cell membranes made of “rudimentary” molecules such as
fatty acids. But such flights of fancy ignore key chemical details of what’s

needed to render cellular life viable. Once we confront those details, we
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Figure 1.2. This simple caricature only hints at the phospholipids’ com-
plex molecular structure.
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find that no other biomolecule appears able to sustain life by fulfilling

the many intricate roles phospholipids perform.

The structure of a phospholipid can be divided into two main re-
gions that possess quite opposite physical-chemical properties: The head
is polar and water-loving (hydrophilic), while the tail is non-polar and
water-hating (hydrophobic). This dichotomy of “tastes” is crucial, be-
cause it allows for a marvelous trick: In the presence of water, these bio-
molecules automatically arrange themselves so as to form round, double-
layer structures (Figure 1.1) with all the polar heads lining up next to

each other and the elongated non-polar tails packed very tight.

Attracted by finely tuned chemical forces, two such monolayers
come together so that the tails from both layers will also contact each
other in a tail-to-tail arrangement. This automatic 3-D, multi-compo-
nent packing ensures that the water-hating tails are hidden from water
while the water-loving heads on the outer and inner surfaces are exposed
to water. Water is therefore placed inside and outside the cell, but is
helpfully expelled from the interior of the phospholipid membranes that

enclose the aqueous cells.

Again, it’s as if a causal power with foresight anticipated this need

and engineered a perfect solution.

Phospholipids

THE cELL membrane needs to be elastic but at the same time also me-
chanically and chemically resistant so that it can continuously protect
the cell from its fluctuating surroundings. Fortunately for life, phospho-
lipid bilayers are flexible, but also highly stable, being resistant to me-

chanical stress and pH and temperature fluctuations.

So, how are all these properties obtained? By means of a fine, dy-
namic balance of the various physico-chemical properties of the many
molecular constituents of the wall. (If the following explanation is too
technical for your taste, feel free to skip down to this subsection’s final

paragraph. The summary there will give you enough to go on.)
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The control of these chemical properties is accomplished primat-
ily through regulation of the strength, length, and 3-D orientation of
carbon-carbon bonds in the lipid tails. A carbon atom can form four
bonds, including bonds with other carbon atoms. In lipids, such bonds
can be single (C-C) or double (C=C). Single bonds are called “saturated”
and double bonds are called “unsaturated.” The side chains (R) attached
to the two carbon atoms in a C=C bond can be on the same side (an

arrangement called “cis”; "C=CR®), or on opposite sides (an arrangement

called “trans” *C=C,).

Unsaturated phospholipids contain mainly cis *C=CF bonds, which
produce very pronounced and properly located bends in the long hydro-
carbon chains. Cis unsaturated fats are less thermodynamically stable
than their trans analogues, but the cis variety is still the blue-ribbon win-
ner for this job, because the resulting kinks in the fatty acid chain lead to
less packed aggregates than trans unsaturated lipids or saturated lipids.
Cis unsaturated lipids have therefore lower melting points than satu-
rated lipids or trans unsaturated lipids. The amazing result: membranes

that can be made gradually more fluid’

Shorter or longer carbon chains and different polar “heads” are also
used to control the chemical properties of these molecules: an apparent

master play of foresight guided by superb chemical wisdom.

Note that if we attribute the origin of biomembranes to blind mate-
rial processes, we would need to appeal to a myriad of chemical “mir-
acles.” First, an accident would have to construct rather long carbon
chains containing from twelve to eighteen carbon atoms. Such an ac-
cident is extraordinarily unlikely, statistically and chemically. Second,
two of these chains would have to bind to a triol molecule—glycerine.
Less stable cis RC=CR bonds would also have to be inserted at the ex-
act positions and in the proper ratio to produce the proper fluidity. A
phosphate anion (PO,) and another polar group, such as an ethylene

diamine group, must also all be available at the same time and be prop-
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erly connected to the final “molecular Lego” (Figure 1.2). As a chemist, I

would never take this cascade of chemical miracles for granted.

Those specializing in prebiotic chemistry normally assume that
rather primitive “entities” surrounded by primitive “membranes” with
interiors very inhospitable to life, such as those of fatty acid micelles,

were able to engulf a “primordia RNA” molecule, giving rise to life on

Earth.
As Sheref Mansy and his colleagues argue in a 2008 Nature article,

“Fatty acids and their corresponding alcohols and glycerol monoesters
are attractive candidates for the components of protocell membranes.”
The reason for this hope is that they do two crucial things. First, they
form bilayer membrane sacs that retain small RNA molecules, and they
can grow and divide,® which is essential if the primitive entity is going
to be able to reproduce. This proposed pre-life entity supposedly jump-

started the synthesis of life’s first proteins.

But if this indeed happened, where did the amino acids needed for
protein synthesis come from? They would have to come from outside, of
course, from the “primordial soup” and migrate through channels into
these “primordial cells.” But at this point in the proposed scenario there
aren’t any membrane channels, so the amino acids would have to migrate
through the “primordial membrane” itself to reach the cell s interior. But
these primordial membranes would constitute an insuperable chemical
barrier for amino acid permeation, so the hope is chemically impossible.
If there is no route into the cell interior, then the cell dies in short order.

No survival. No reproduction. No evolution.

So, again, the intimation of foresight is powerful. An exquisite phos-
pholipid membrane for the cell apparently had to be anticipated, engi-
neered, and made available just as the cell interior appeared on the scene,
lest a skinless cell meet a swift, sure end. And since early cells obviously
did survive, thrive, and reproduce, leaving offspring down to the present,
it is scientifically plausible to conclude that by some means this extraor-

dinary membrane did appear on the scene in that original moment of
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need. Some insist it was blind fortune. I disagree and urge us to consider

a second possibility—engineering foresight.

Aquaporins: Water Filters Extraordinaire

Lipip BILAYER membranes protect and accommodate life, but as pre-
viously noted, the cell also needs channels to ferry essential materials
in and out. If we had contracted out the job to a top nano-tech com-
pany employing all its powers of engineering foresight, we couldn't have
been more pleased with the result. These lipid bilayer membranes come
with 3-D protein assemblies that work beautifully as selective channels.
These channels are smart enough to let in what needs to be let in and

keep out what needs to be kept out.

For an evolutionary model of membrane origins to work, it must
account for the co-evolution of membrane-associated proteins, mem-
brane bioenergetics, and lipid bilayers’—a triple concatenated miracle.
Attempts to wrestle with this question often begin with a confession
of bafflement, as when A. Y. Mulkidjanian and his colleagues wrote
that “the origin(s) of the membrane(s) and membrane proteins remains

enigmatic.”

One thing membrane channels must permit is the passage of wa-
ter. For this essential task biomembranes contain special channels called
“aquaporins.” Cells are cybernetic, multimolecular cities full of high-tech
machines, power plants, and even nano-robots. But for all that nano-
tech to properly work, it needs the same thing you and I need in large
quantities—watet. Indeed, this simple but essential and wondrous mol-
ecule, H.O, with so many cellular functions, must be able to enter and

exit the cell interior if the cell is to survive and thrive.

However, water entry and exit must be carefully controlled if the
cell is to survive. This need for control arises because water molecules
are connected by hydrogen bonds, and its hydrogen-bonding network
makes water function as a “proton wire” that carries protons (H*) down

it, much as an electrical wire carries electrical current. But for metabol-
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ic reasons all cells must keep their interiors electrically negative. Cells
manage this with special membrane channels that control the transport
of sodium (Na*) and potassium (K*) ions. If aquaporins were to let water
enter the cell freely, the “proton wires” would allow positively charged
hydrogen ions (H*) to overwhelm the cell’s efforts to remain electroneg-

ative. So a simple water gate isn't enough.

This engineering challenge is no easy one to solve, even if you imagine
an engineer with out-of-this-world powers. If such an engineer changed
the intrinsic properties of the H,O molecule to remove its proton-wire
ability, this would muck up many of the other unusual and life-essential
properties of H O. But happily, an ingenious solution was found that

didn't require water to be re-engineered.

Aquaporins’ in cell membranes not only let H O into and out of
the cell, but also keep out impurities such as undesirable ions and other
harmful biomolecules, as well as the positively charged hydrogen ions

(H) that normally travel freely along H,O's proton wires.

So how is this intricate task accomplished?' Let’s take a look and

see.

If what follows is overly technical for your tastes, feel free to skip

down to the next subheading, where I summarize the discussion.

In the aquaporin water gates, a special amino acid known as aspara-
gine is perfectly positioned, at the exact point of passage of a single H O
molecule." Asparagine is a member of the marvelous set of amino acids
that are important for building and shaping the structures of proteins,
but in addition it possesses a side group able to establish two very strong
and spatially oriented H-bonds with H,O molecules. The perfect 3-D
alignment of this amino acid, perpendicular to the passage of the HO
proton wire, then can function as a true “molecular plier” to cut the H O

wire,

Here’s how it works. Exactly at the moment it passes through the

filter orifice, H O is twisted by asparagine. This exquisitely orchestrated
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maneuver, driven by stronger H-bonds, breaks the network of water’s H-
bonds, thereby cutting the H* wire. With a broken H* wire, H O freely
enters the cell while its uninvited sidekick, H", is blocked at the door.

Another life-or-death problem anticipated, and neutralized.

Aquaporin Power

AQUAPORINS, THEN, are an ingenious solution to a fiendishly tricky en-
gineering problem. But in our uniform and repeated experience, inge-
nious engineering solutions are accomplished by geniuses—minds that
apply expertise and foresight to a problem that couldn't be solved even by

other engineers, much less by mindless natural forces.

So, was the cellular membrane’s ingenious solution to the proton
wire problem a work of blind fortune, or brilliant foresight? The discov-
ery of this marvel of molecular ingenuity earned the 2003 Nobel Prize
in Chemistry, “for the discovery of water channels” and “for structural
and mechanistic studies of ion channels.”* But if Nobel-caliber intel-
ligence was required to figure out how this existing engineering marvel

works, what was required to invent it in the first place?

The dominant explanation in origins biology involves some form of
the random variation/natural selection mechanism, by which nature is
said to have climbed the various Mount Improbables'® we find in biology,
one small mutational step at a time. Yes, there are additions and other
adjustments to this basic mechanism in modern evolutionary theory, but
these have significant shortcomings (see the final chapter). Also, diglong
enough and you find some version of the chance/selection mechanism
playing a key role in every leading model of biological origins. The prob-
lem is, natural selection can only go to work once a viable, self-reproduc-
ing cell exists, and it can only progress if each stage in the proposed evo-
lutionary process of construction can somehow be preserved and passed
along, Yet nothing gets preserved and passed along if the first proto-cells
die a swift death for lack of a fully functioning cell membrane, able to ac-

complish the many essential tasks outlined above (among many others).
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No multi-tasking cell membrane, no life. No life, no gradual evolu-
tion by random variation and natural selection. A hypothetical primitive
membrane with a partly evolved aquaporin, one that allowed water in
but hadn't yet evolved the ability to block the entry of H*, would have
no chance of survival. Such a cell, surrounded by the many enemies of a
primordial ocean or “warm little pond,” would quickly die. No survival.

No reproduction.

The fully functioning H,O-only gates (no H* allowed) are a “must”
for any type of cell, from the most sophisticated to the most “rudimen-
tary,” if any such rudimentary cells ever existed on this planet. These
highly selective and exquisitely engineered gates need to be there from

the very beginning, No H*-free water, no life.

And the proton-wire challenge, remember, is just one of the prob-
lems in need of a solution. An only partly evolved water gate with holes
either too small or too big would either block water altogether or allow
other contaminant molecules to enter the cell and destroy it. A success-
ful water gate in this instance poses an “all or nothing” challenge for life.
Foresee the need for these exquisitely precise water gates and somehow
engineer them for just-in-time delivery, or the grand start-up called life

quickly goes bust.

And what's true of the water gates is true of many other aspects of
the cell membrane. If we are guided only by the evidence, this complex
and multifaceted engineering marvel appears well out of reach of the
random variation/natural selection mechanism. Another type of cause
appears necessary, one that can foresee and engineer a cell membrane in

all its marvelous sophistication, for just-in-time delivery.

And indeed, multi-faceted solutions of this sort, ones that anticipate
problems that otherwise would stop any potential evolutionary develop-
ment in its tracks, are evident throughout life. In the chapters that fol-

low, we will look at many other spectacular examples.



2. A WORLD FORESEEN

FOR BIOCHEMISTRY

ISTILL VIVIDLY REMEMBER THE FIRST TIME I SAW THE OCEAN, IT was
in the '60s, during summer break. Time for fun, so my father drove
our family of six in our Volkswagen Kombi van to Santos, a seashore in
Brazil where Pelé used to play football. Our parents had told us so much
about the ocean, and burning with anticipation, my brother, two sisters,
and I kept asking from the back seat, “How long?” until at last we heard

the waves and felt the salty breeze coming through the open windows.

We weren't yet to our destination, but my father, knowing how eager
we were, pulled over at a spot close to the shore and stopped the Kombi

so we could pile out of the van and take in the ocean for the first time.

Figure 2.1. When I got my first experience of the ocean as a boy, I was
amazed by the wonders all around me. I remember asking myself, Who

did all of this?
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I will never forget that feeling: the smell of the sea, the blue sky and
green water, the grainy sand under my feet, the warm sun on my skin,

the water lapping my feet.

In that moment I was wide awake to the wonders of Earth. But
Earth’s wonders are with us every day; our eyes simply grow dim to them.
Our planet is packed with marvels, from a transparent atmosphere to
colorful rainbows, the aurora borealis, starry nights, birds, dragonflies

and whales, sunrises, buzzing bees, and flowers great and small.

For a young kid, the first sight of some new vista of natural wonders
is often unforgettable; but as we grow older we sometimes forget to keep
contemplating, to keep seeing a world full of smells, textures, colors, and

sounds, to keep appreciating the amazing things around us.

Science has helped me maintain into adulthood that sense of won-

der. Absolute wonder and gratitude.

In the last chapter, we saw how the cell is carefully engineered with a
lipid bilayer membrane and selective channels. These components are es-
sential from the start. There would be no hope for a cell to become viable
if it had to tinker around with mutations over thousands of generations
in search of a functional membrane. It’s anticipate or die. As we will see
in the rest of the book, this need to anticipate is also true of numerous
other systems and features throughout life, from the simplest cell to the
function of the human body. The evidence of foresight is abundant, ap-

pearing almost everywhere you turn your eyes in biology.

There is also this: All of those marvels depend on deeper levels of
foresight. Science has revealed that Earth and the cosmos display layer
upon layer of features essential to life. It's a wondrous discovery, and it’s

the subject of this chapter.

Fine Tuning and Foresight
CURRENTLY, IT is believed there are at least twenty-six physical con-
stants in the universe whose precise values must be carefully set to al-

low for life. These constants are things like the speed of light (c), the
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gravitational constant (G), and the Planck constant (h). All their values,
uniquely suited to allow (though not cause) the amazing display of bio-
chemistry we explore in this book, fall under an idea scientists call “fine
tuning.”

This fine tuning is commonly illustrated using a radio dial that needs
to be set exactly at the correct frequency—"“tuned”—to find the desired
station. If the universe were a radio and the desired frequency allowed
life, it would have dozens of dials for setting the values of the universal
constants.! Muff even a single of these dial settings by even a tiny bit
when first tuning the universe, and the result would be a universe with
no life at all. For example, if the gravitational force were a little stronger
than it actually is, stars would burn too quickly to function as stable
providers of energy for life; a little weaker, and stars and planets would
become unstable too quickly or never form in the first place.” Essentially,

the laws and constants of physics are set to support life.

In examining some of the fine-tuned constants that had been dis-
covered by the 1980s (and there have been many more discovered since
then), physicist Fred Hoyle noted that they were so carefully tuned for
life that they appeared to be “a fix,” that is, planned. He was moved to
conclude, “A common sense interpretation of the facts suggests that a
superintellect has monkeyed with physics, as well as with chemistry
and biology, and that there are no blind forces worth speaking about in

"3
nature.

Note that Hoyle was not a religious man; he was an atheist. He
simply recognized what many others have as well, including some of
the world’s leading physicists and astronomers: The fine tuning of the
universe provides some of the most compelling evidence for a designing

intelligence behind the cosmos.

Theoreticians hope to find a unified theory of everything, and some
of those wishing to avoid the implication of design hope that such a dis-
covery will decrease the number of such fundamental constants. If this

occurs, however, those discovered super-constants, while less numerous,
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would necessarily be fine-tuned to an even more astonishing degree than

the constants they subsumed.

So far, however, the trend has been in the opposite direction. The
more that scientists learn about the universe, the more fine-tuned con-
stants they discover for a life-sustaining universe. Let’s look at just a few

of these now.

Water: An Ideal Chemical Matrix

Our EarTH is ideally suited in many ways to host life. With its carefully
timed twenty-four-hour rotation, its large stabilizing moon, its location
in the Milky Way’s galactic habitable zone, its perfect distance from
a special star, and its neighborly gas giant planets that protect it from

many of space’s dangers, Earth is curiously life-friendly.

But despite all these conditions, Earth still would have been unable
to host life if it lacked special properties to allow biochemistry. For in-
stance, its crucial solid crust could easily have been a desert, blazing hot
during the day and freezing at night. Had this been the case, no care-
ful tuning of distances, physical/chemical properties, or rotation period
would have made a difference. Luckily, a marvelous molecule with doz-
ens of unique properties provided Earth with a solution that perfectly

anticipated this need: water.

For most of us, pure water, odorless and colorless, is easy to take for
granted. But in fact it’s a great chemical miracle. A myriad of properties
and values of chemistry and physics had to be just so to make possible

water and its many life-essential anomalies.

Also fortunate: Although liquid water is very elusive elsewhere in
our solar system, Earth’s surface has a significant amount of both land
and liquid water on its surface—specifically, a 2:1 ratio of water to land.*
This is a stroke of good fortune because liquid water is critical to life, and
is the only liquid in a relatively narrow range of temperatures and pres-

sures. This range is unimaginably narrow compared to the wide range
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of temperatures and pressures found in the universe, and yet they are

exactly the ones present on Earth.

The solar system and beyond is indeed “awash in water,” but mainly
in solid or gaseous forms that do life little good. On Earth, however,
we have water in all three states. And we need all three states for life to
thrive here. If this need had not been anticipated, and Earth were typical

of other planets in our galaxy, life could never have existed here.

Water'’s diverse set of chemical features solves many problems that
would otherwise be dead-ends for life.® Its high specific heat moderates
temperature changes between night and day, stabilizing the tempera-
ture by absorbing heat during the day and releasing it at night. The great
amount of heat needed to evaporate water also helps us to cool down on

hot summer days through evaporative cooling from our naked skin.

Water is not only crucial on Earth’s surface and in the atmosphere.
It is also crucial to the biochemistry of our bodies. Accounting for close
to two-thirds of our body weight, water is so important to human func-
tioning that we die in a matter of days from lack of it. It serves this cru-
cial role thanks to many of its unusual properties. To give one example:
Water is a relatively poor heat conductor, and this anomaly prevents or-

ganisms from boiling or freezing too easily.

Other unusual properties allow water to penetrate cell membranes,
ascend via a strong capillary effect to the top of even very tall trees, and
evaporate from the surface of leaves as needed, enabling plants to both
transport nutrients and successfully conduct a myriad of biochemical

operations.

The groundwork for these and many other life-essential properties
of water appears to have been laid before water arose in the universe.

These properties include:

o The specific masses and electrical charges of the neutrons,

protons, and electrons that make up its H and O atoms.
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o The precise strengths of the nuclear forces that stabilize protons
and neutrons and hold them together in the nucleus.

o The precise strength of the electromagnetic force.

o The chemical rules and physical quantum laws that shape water’s
bonding and non-bonding molecular orbitals that hold pairs of
the original electrons of both hydrogen (H) and oxygen (O) in
specific energy levels in the H,O molecule.

e The Pauli Exclusion Principle that limits to two the number of
electrons in each of these molecular orbitals.

o The strength of the repulsion forces for bound and unbound
pairs of the electrons that surround the central oxygen atom,

a strength determined by a series of universal constants that
directly and indirectly control the behavior of such atoms and

the precise angle of the H-O-H configuration.

The list could go on and on. These many properties and values had
to be precisely balanced—in advance—to create the dozens of exquisite
anomalies of water that make life on Earth possible. It looks like it was

planned ahead of time.

Water'’s properties are so weird that a paper in the prestigious journal
Nature suggested that it has a sort of “memory”’ that could be digitized,
transmitted, and reinserted into another sample of water. Although wa-
ter may not have “memory” per se, it does seem that something or some-

one capable of both memory and foresight is behind water’s existence.

Water as Super-Solvent
Another striking chemical property of water that makes it so important
to life on Earth is its ability to dissolve so many different substances,
transporting all sorts of nutrients and waste products throughout—as

well as in and out of—the cells of plants and animals.

Water is polar, meaning its electron density is not uniformly dis-
tributed around the molecule. One side is electron deficient (positive)

and the other is electron-rich (negative). This polarization, together with
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the water molecule’s size and ability to form hydrogen bonds, helps it
dissolve amino acids, some peptides, hormones, globular proteins, and
various other biomolecules, as well as inorganic salts. Although it doesn't
dissolve every substance (very fortunately—see below), water dissolves
more substances than any other liquid, such that it is sometimes referred

“ . ”
to as “the universal solvent.

When we look at water’s atomic makeup, we see another crucial
level of beauty, sophistication, and chemical fine-tuning, The water mol-
ecule’s three atoms are configured in an angular fashion (104.5°), and the
H and O atoms have distinct electronegativities. These characteristics,
taken together, make it a quite polar molecule with asymmetric electron
density. This makes water great for solvating ions and moving these en-

capsulated ions around cells and the human body.

At the same time, water doesn't overdo its showy capacity to dissolve
things. Happily for life, large biomolecules, such as fatty acids and the
large proteins that make up the structure of our bodies, are insoluble
in water. Good thing. This insolubility enables us to “sing in the rain”
and to swim, bathe, and drink both hot tea and cold lemonade without
being washed away due to water’s near-universal solvency. We're up to
two-thirds water. If water suddenly gained the capacity to dissolve these
biomolecules, we would melt like the wicked witch at the end of The
Wizard of Oz.

Rather than dissolving proteins, water helps them fold. This fold-
ing is aided by water’s strong dipole moment. A dipole moment is created
when a molecule’s atoms share its electrons unequally. Water’s unique
dipole moment establishes its hydrogen bonds, while a specific H-O-H
angle of 104.5° calibrates its polarity, allowing H,O to establish strong
hydrogen bonds with proteins. This chemical pulling enables nascent
proteins to properly fold into specific and functional 3-D shapes, which

are essential for their biological activity.
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The Weirdness of Floating Ice

Due to the laws of physics, the solid state of a substance is almost always
denser than its liquid state. There is, however, a major exception to the
rule: water. Reaching maximum density at about 39°F (4°C), water is ac-
tually less dense when it is frozen. This anomalous feature allows water
to circulate and revitalize water bodies on Earth, transporting noxious

gases to the surface and oxygen to the bottom.

Consider the alternative, If ice didn’t float, if it were denser than its
liquid form—as is the case with the vast majority of liquids—Ilakes in
cooler climates would freeze solid from the bottom up, jeopardizing the
lake’s life. The oceans would also freeze, not only at the poles where they
now freeze, but on the ocean floors, and the freeze would extend much
farther south and north from the poles—a devastating situation for ma-

rine life.®

Instead, ice expands when freezing, so it floats on top, preserving
life. Life is preserved, therefore, because water likes to break rules. Ice
is lighter (less dense) than liquid water, and is an unusually good ther-
mal isolator. Together these two properties form an isolating ice cap that
keeps lakes from freezing all the way to the bottom, so animals can keep
living below the ice. It's a crazy solution to an inherent problem, but it is
also very ingenious. If water ceased to be anomalous in these ways, life

would be in serious trouble.

Let’s consider another counterfactual scenario. Suppose water could
remain a liquid far below 32°F and never froze within Earth’s ambient
temperature range. Then, water would lose most of its decorative prop-
erties—no more snow, no multitude of water crystal forms, no dreaming

of a white Christmas, no wintertime sledding, and no majestic glaciers.

What a loss!

But to understand how truly unique water is, you have to investigate
it on the molecular level. The molecular weight (MW) of H O is 18 Dal-
tons (Da). The MW of methane (CH,) is quite close at 16 Da (only 2 Da
less), but H O has remarkably high melting and boiling points (32°F and
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212°F respectively) compared to CH, (296.5°F and -258.9°F). H,O also
has a wide range of temperatures (spanning 180°F) where it can remain a

liquid, compared to methane, which has a “liquid window” of just 37.6°F.

The energy required to vaporize liquid water is also over four times
greater than for methane. Ice also requires a lot of energy to melt, heat,
and then vaporize, allowing the oceans to store great quantities of heat.
This is a big part of why the weather is so temperate in many coastal
cities. The moisture in the water and in the air tends to smooth out big
temperature swings.’ In contrast, deserts, which of course are short on

moisture, tend to see major temperature swings.

We've barely scratched the surface of water’s anomalous, life-friendly
properties. Given all of these, one of the most striking features of water
is its chemical simplicity. It is a marvelously elegant molecule: H-O-H—
just two of the smallest atom, 'H, bonded to a single and also relatively
light 'O atom. How could this simple molecule be found to perform so
many magic tricks and have so many weird properties? Water’s simplic-
ity is also an argument for design and foresight. It is often said that the
use of simple things to achieve complex results is a mark of genius. As
the French author George Sand put it, “Simplicity is the most difhcult
thing to secure in the world... the last effort of genius.”’ The humble
H,O molecule solves multiple complex problems for life on Earth with

great simplicity.

The Perfect Atmosphere

OUR ATMOSPHERE is also amazing and necessary. Among other things,
it protects us from bombardments from space. It filters out the danger-
ous radiation from the Sun while allowing crucial light through. And it

moderates Earth’s temperature.

Our atmosphere is made up of just the right gases in just the right
proportions to support life on Earth: 21% oxygen (O,), 78% nitrogen
(Nz), and a little argon (Ar), carbon dioxide (COZ), and water vapor
(H,O).
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These gases are unreactive with each other—a crucial factor for

long-term stability.

We know that O, is what we need to breathe to produce chemi-
cal energy in our bodies, so why are all those other gases necessary? An
atmosphere with pure O, would be disastrous for life on Earth. Plants,
which require carbon dioxide, would be impossible. Wildfires would
rage uncontrollably. And even oxygen-breathers, including animals,
would suffer from excess oxygen. Nitrogen (N,) is a stable and rather

unreactive gas that dilutes O,t0a life-friendly proportion.

Earth’s atmosphere also contains traces of other gases, such as Ar,
CO, (from volcanoes), and CH, (from cattle). Though they are only
present in tiny amounts, they are necessary to life, forming the perfect

greenhouse effect for life to stay warm and have access to enough energy.

N, is also essential for life on Earth and is perfectly suited to be
the major constituent of our atmosphere, since it creates an atmosphere
sufficiently thick to stabilize the planet’s liquid water and resist cosmic
bombardment. N is a highly stable, chemically inert molecule made of
two tightly, triply bound N=N atoms, providing a perfect “solvent” for
O,. The final mixture has the right air pressure and density to facilitate
breathing and destroy most debris from space. N, also provides nitrogen
atoms for amino acids, the building blocks of proteins, and also for a

wonderful array of other crucial nitrogen-containing biomolecules.

N, and O, are therefore both essential for life on Earth and in

roughly the specific ratio they are found in our atmosphere.

Our N,-plus-O, atmosphere is transparent to radio waves and vis-
ible light; hence we can appreciate that multitude of stars in the night
sky while the atmosphere creates a blue sky during the daytime and a
reddish sunset. This mixture of gases blocks the harmful radiation from
the Sun even while letting us see so much of space, and send and receive

radio waves. What an exquisite balance!
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But even with such a superb atmosphere, there is remains a problem
to solve: Animals would quickly consume O, and N,, converting O, into
CO, and burning up Earth from an excessive greenhouse effect. Earth
also needed processes to systematically fix N, to the soil and oceans in
a biochemically useful form. And indeed these processes are in place. A
highly intricate network that includes lightning, microbes, plants, and

animals creates the Earth’s O, and N, cycles."

If proper O, dilution and air pressure were the only major concerns,
other gases could be selected, but the greenhouse effect of such gases
would spoil the soup. Gases such as carbon dioxide (CO,), water vapor
(H,O), methane (CH,), and ozone (O,), which are common in the atmo-
sphere of other planets, could work as O, solvents, but high concentra-

tions of them would trap too much heat.

Note another balance of Earth’s atmosphere. If Earth had no atmo-
sphere at all, like Mercury, too much heat would leak into space during
the night, freezing any life. Venus has the opposite problem. It isn't as
close to the Sun as its neighbor Mercury, but it is the hottest planet in
our solar system because its atmosphere is almost exclusively CO,. This
causes an extreme greenhouse effect, resulting in an average temperature
of 864°F. So, Mercury’s atmosphere—too little. Venus's atmosphere—

too much. Earth’s—just right.

Ozone
I'vE saveD for last the best example of the foresight evident in our atmo-

sphere: the ozone layer.

The ozone layer displays an exquisite interplay of carefully crafted
solutions. The Sun emits about 90% of its radiation in the visible and
infrared (IR) range, perfect for life and photosynthesis. But the other
10% of sunlight is composed of different subsets of ultraviolet (UV) ra-
diation, some of which is harmful and some of which is beneficial to life.
For example, a little of UV-B is beneficial since it is required to produce

bone-strengthening vitamin D, while some birds, insects, and mammals
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THE EARTH'S ATMOSPHERE

TROPOSPHERE

Figure 2.2. Earth’s atmosphere protects us from bombardments from
space. It filters out dangerous radiation and allows crucial light through.
It moderates the temperature. And its recipe of gases is just the thing for
life: 21% oxygen (O,), 78% nitrogen (N,), and a bt of argon (Ar), carbon
dioxide (CO,), and water vapor (H,O).

can see UV-A and use it to hunt. UV rays are also used to treat some
skin conditions, such as psoriasis, vitiligo, localized scleroderma, and

atopic dermatitis."”” But other portions of UV light are harmful.

The atmosphere is perfectly equipped to solve this “devil/angel” di-
lemma, blocking the great majority of the harmful stuff and letting the
good stuff through. What is known as the ozone layer plays a crucial

role here.

This atmospheric layer occupies the lower swath of the stratosphere,

a portion stretching from nine to twenty-two miles above the Earth'’s
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surface. It isn't pure ozone, but it’s richer in ozone (O,) than are other
parts of the atmosphere, containing a few parts per million of this es-
sential triatomic molecule. The UV light emitted by the Sun is mainly
composed of three subtypes: UV-A, UV-B, and UV-C, as well as a little
UV-E. The ozone layer absorbs 97-99% of UV-B light, which would be
potentially damaging to life in higher doses but provides a net benefit at
lower doses. At the same time, it is mostly transparent to UV-A, the life-

friendliest of the ultraviolet lights.

But what is really amazing about the O layer is that it works in
perfect synchrony with N, and O,, forming an O, + O = O, perfectly
balanced equilibrium mediated by both UV-C and UV-E radiation. The
O, layer also seems to contain exactly the concentration at exactly the
right altitude to block bad UV-C and excess UV-B radiation while let-
ting UV-A and a useful amount of UV-B pass through.

O, also occurs in a layer close to the Earth’s surface, but as the
U.S. Environmental Protection Agency explains, we create that ozone
through industrial “chemical reactions of oxides of nitrogen (NO ) with
volatile organic compounds (VOC) in the presence of sunlight,” lead-
ing to urban smog, The main sources of NO_and VOC are emissions
from electrical utilities and industrial facilities, vehicle exhaust, gasoline
vapors, and chemical solvents. O, is harmful to our lungs and damages

crops, trees, and vegetation in general.’®

The problem would be much worse if not for the fact that O, is a
rather reactive molecule in the lower atmosphere, preventing it from
accumulating to levels that would prove far more dangerous. And also
fortunately, it is long-lived in the diluted (and colder) stratosphere where
the O, layer resides. The naturally formed O, nine-plus miles above us,

protects rather than harms us, thanks to its precise positioning,

Ozone is created there when the most harmful and energetic por-
tion of the UV-C light strikes O,. It is also amazing to discover that
UV-C carries all the energy required to split the tightly covalently bond-

ed O=0 molecule into two O atoms. This highly reactive atomic oxy-
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gen then combines with molecular O, to yield O,. This means that O,
chemically blocks the harmful radiation (UV-C) while at the same time
creating beneficial O, via a very reactive oxygen atom. This forms the
protective O, layer that filters excess harmful UV-B. But remember that
O, is by itself harmful to life, so it's a good thing these reactions occur

high in the sky.

All this intricate cascade of reactions induced by radiation appears
to have required careful planning to get everything right—gas densities,
air pressures, temperatures, and reactivity—to limit this biologically
harmful, pungent, and heavier-than-air O3 molecule to the right altitude

and the right amount in our atmosphere.

Let me explain in more detail how the whole process works and pre-
serves life on Earth. O, very much needs O, as its wingman. O, blocks
most UV-C but it lets most of the UV-B through—far too much for life
on the ground. UV-B escapes from the first O, defender but is caught by
the second, OS. When UV-B reaches O, in the ozone layer, it is mostly
absorbed, splitting O, back into O, and O. Hence, the excess of UV-B
radiation is eliminated while at the same time turning O, into O,, feed-
ing the O, + O = O, equilibrium that is known as the ozone-oxygen

cycle.

To review, this time with numbers: Most harmful UV-C is first
blocked by O,—specifically, the portion with wavelength of 100-200
nanometers. Any UV-C left over from O, is blocked by the O, layer (the
UV-C with a wavelength of 200—280 nm), so the UV-C doesn't reach
the ground. The shorter portion of the UV-C band is then used to break
O, to O, forming O,, which blocks most of the sunburn-causing UV-B
(the UV-B of 280-315 nanometers in wavelength). The friendly UV-A
(315-400 nm) is nearly transparent to both O, and O,, and much of this
less harmful, mostly beneficial light reaches the ground. Atmospheric
N, is also part of the intricate blocking-filtering cycle, since N, blocks
the most harmful UV-E (of wavelength 10-100 nanometers).
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And remember, while the ozone layer does filter most of the UV-
B, a beneficial portion of its longest wavelengths is transparent to O,,

reaching the surface, which our bodies use to produce vitamin D.

Thus, an intricate interplay of different UV-absorbing and UV-
reacting proprieties of three gases (O,, O,, and N.) in our atmosphere
protects life, If the O, (plus 0, plus Nz) layer were not there, overexpo-
sure to UV radiations would severely threaten life under the sun. The
productivity of crops would be significantly reduced, and humans would
experience suppressed immune systems, blindness, and a pandemic of

skin cancer.'*

Lightning: Surprisingly Important

Boru N (N=N) and O, (O=O) tie up all their otherwise solitary elec-
trons, meaning they are unavailable for reactions. This means no reaction
would naturally occur between N=N and O=0. This lack of reactivity
is an essential property of our stable atmosphere. But we do need NO,
and then NOZ, to act on Earth'’s soil as the key ingredients for nitrates
(NO;) and nitrites (NO,). And this N, consumption had to happen
while still preserving the atmosphere, so recycling N, and 0, cycles had
to be promptly in place. How to solve this chemical paradox of needing

both chemical stability and eventual reactivity? The solution: lightning,"”

Lightning is a spectacular pyrotechnic show of light and sound and
has always fascinated men. It is so awe-inspiring that humans through-
out history have associated lightning with the anger of gods. Lightning
is caused by sudden flows of electric charge between charged clouds or
between the ground and a charged cloud. Lightning strikes on Earth
happen an estimated fifty to a hundred times per second on average, well

over a billion a year.'®

Scientists still debate the exact mechanisms of lightning, but gener-
ally believe that water freezes in clouds at temperatures ranging from
5°F to —13°F, forming ice crystals that collide with water droplets. In the

process the ice crystals become positively charged, and the slushy mix of
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ice and supercooled water becomes negatively charged. The lighter, posi-
tively charged ice crystals tend to accumulate near the top of clouds, and
the heavier, negatively charged ice-water mix, near the bottom. When
the charged cloud passes over the Earth, it induces an opposite charge in
the Earth below, and a natural capacitor is formed. Eventually, a cloud-
to-cloud or cloud-to-ground discharge occurs though the N, plus O,

mixture that forms our atmosphere.”

In this way, lightning provides enough energy to break the triply-
bonded (and thus hard to break) N=N molecule to form single, highly
reactive nitrogen atoms. The nearly inert nitrogen molecules are thus
turned into reactive nitrogen atoms in our troposphere.’® The nascent
nitrogen atoms react with O=0 to form NO + O, and NO is in turn
rapidly oxidized to NO,. It has been estimated that a flash of lightning
produces about 4 x 10** molecules of NO_(NO plus NO,), or about
forty kilograms.

Next, all of the major atmospheric ions—N¥, N,+ O, O, and
NO, *—rapidly transfer charge to NO to produce NOY, so lightning’s
final product is NO*."” Thunder clouds hold enormous amounts of elec-
tric energy—enough to overcome the high activation energy for the N,

+ O, reactions that makes NO and then NO, and on to NO," and NO,

anions in the soil.

This cycle that lightning helps drive isn't just helpful. As David
Fowler and his colleagues explain, “The global nitrogen cycle is central
to the biogeochemistry of the Earth, with large natural flows of nitrogen
from the atmosphere into terrestrial and marine ecosystems through
biological nitrogen fixation,” and back to the atmosphere.”® Biological
nitrogen fixation (BNF) and lightning, which reduce unreactive molecu-
lar N, into NH,, NO, and NO; and then to N-containing chemicals,
provide fixed-nitrogen forms that, again, as Fowler and his colleagues
explain, are “subsequently transformed into a wide range of amino acids
and oxidized compounds by micro-organisms, and finally returned to

the atmosphere as molecular nitrogen through microbial denitrification
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in soils, fresh and marine waters and sediments.” And as they further ex-
plain, emission of N, O in the wake of denitrification “plays a key role in
the radiative balance of the Earth and in the chemistry of the ozone layer
in the stratosphere, where N O is destroyed by photolysis,” a chemical

process that breaks molecules into smaller units via light absorption.

Biological nitrogen fixation and the production of NO_by lightning
are the solution to sources of new reactive nitrogen in our biosphere. A
steady supply of reactive nitrogen is crucial not just for agriculture but
for all life forms. Although the quantity of reactive nitrogen from light-
ning is believed to be more than an order of magnitude smaller than that
from biological nitrogen fixation today, lightning is a key player in the
nitrogen cycle and is important for forming ozone and maintaining the
oxidation capacity of the atmosphere.”> Without lightning to make NO

from the reaction of N, with O,, there would be no life.

And keep in mind that clouds, the intricate properties of chang-
ing phases, and the charge separation for ice crystals all result from the
strong chemical forces that hold H,O molecules together, namely their
polarity and unique H-bonding properties. In other words, we need
both lightning and charged aqueous clouds with billions of kilowatts in

electrical power, or again, no life.

Is It Science?

So, WE see that Earth and the laws and constants of physics and chem-
istry had to be fine-tuned in numerous ways to make life possible, with
much of the fine tuning having occurred before life arrived on the scene.
Before all the little details of biochemistry could be planned for our lives,
chemistry and the universal constants had to be fine-tuned. This dimen-
sion of fine tuning suggests that foresight played a role in the very fabric

of the universe.

To neutralize the design implications of all this apparent foresight
at work, some have resorted to claiming there are innumerable other

universes out there, all unobservable, and we just happened to get the
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right settings, whereas most other universes in the multiverse weren't so
lucky.?® The various multiverse proposals for explaining fine tuning have
major problems.** A detailed discussion of those would take us beyond
the scope of this book, but even bracketing off those concerns, there is
this: The multiverse fails to explain a long and growing list of things in
biology that appear to have required creative input on planet Earth after
the origin of our universe. That is, the exquisite fine tuning in physics
and chemistry that has been discovered in recent decades is a necessary
but not a sufficient condition for biological life. Other, later forms of fine

tuning were also required.”

All this fine tuning, taken together, suggests not merely foresight
but astonishingly ingenious foresight. And the more we learn about this

subject, the more compelling the evidence of foresight becomes.

However, whenever this argument is made, one complaint always
arises: If foresight was involved in the fine tuning of the cosmos, then
it must have been the foresight of a supernatural being, one who tran-
scends the cosmos and its laws; hence, any conclusion of foresight doesn't

count as science.

This complaint raises a fundamental question: How is science prop-

etly defined?

Contrary to popular perception, science is a diverse human activ-
ity and there are many different scientific methods.?® There is ovetlap,
of course, but there are also some important distinctives. For instance,
laboratory or bench science, focusing on how things work now, employs
one methodology. But the historical sciences, including origins science,
draw on the methods of bench science but also on others, since origins
science seeks to discover the cause of events in the past, events therefore
not observable in the way one could, for instance, observe things in mo-

lecular biology using advanced microscopes.

Of course, there are also differences in methodology even among

the experimental sciences, as for instance, between ecology and physics.
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Accordingly, science has been defined by scientists and scientific societ-
ies in many overlapping but also, at times, competing ways. For instance,
the Kansas Board of Education defined science as a human endeavor
aimed to explain the natural world, though they added one sweeping
restriction: It can only appeal to natural forces: “Science is restricted
to explaining only the natural world, using only natural cause. This is
because science currently has no tools to test explanations using non-

natural (such as supernatural) causes.””

I would contest the claim that origins science has no means of test-
ing explanations that appeal to intelligent causes, supernatural or other-
wise. There’s also this objection: If the above definition were the proper
definition of science, only one worldview would be allowed in science:
naturalism. And that biased restriction would mean that fine tuning and
all the other evidence of apparent foresight in nature must be ignored or
explained away, for instance by appealing to fanciful ideas such as a mul-
tiverse. But such a restriction betrays an impoverished view of science

that excludes evidence just because it fails to match a desired conclusion.

There must be a better, more general definition for science. And in-
deed there is: Science is a systematic and unbiased search for knowledge about
nature. Under this definition, we are free to think, investigate, doubt, and
conclude based on whatever evidence we have. The underlying principles
of science are freedom of thought and speech, guided by data collected
using systematic methods. If science—the search for absolute truths®
hidden within nature—is to be considered an unflinchingly truth-di-

rected endeavor, reason and evidence must be the only constraints.

With this understanding in place, it becomes clear that investigat
ing possible evidence for fine tuning, foresight, and intelligent design
are valid scientific projects. Honest debates and dialogue among people
involved in a free scientific search for knowledge is the driving force of
science. We should follow the evidence no matter who finds it and no

matter what the motivation of the person who conducted the search,
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and regardless of what it may tell us about reality. That's the only science

worth doing,

With this general understanding, in the next chapter we will return
to our investigation of biochemistry, unfettered by any question-begging
rule. Like good detectives we will follow the trail of clues, refusing to rule
out live options prematurely, guided only by reason and the accumulat-

ing evidence.



3. THE CODE OF LIFE

Now THAT WE HAVE A CLEAR UNDERSTANDING OF HOW FORESIGHT
was needed to make biochemistry possible in the first place, let’s re-

turn to the cell.

The cell has its own sophisticated information-processing system,
much like a computer. Computer programs require programmers, con-
scious agents with knowledge and foresight who can code the needed
instructions, in the right sequence, to generate a functioning and infor-
mation-rich program. Is there any reason to think that the information
in cells also was programmed by a programmer rather than by random

processes? Let’s dive into the details and consider our options.

Foresight in DNA

THE cELLS genetic information is a foundational and most ancient
characteristic of life." It is essential to how all living things on Earth are
formed, move, and reproduce. Without it, no cellular organism would

produce the biomolecules essential to life.

If matter evolved into living cells through purely blind processes,
as evolutionary theory holds, then this information somehow was gen-
erated from matter and energy, through unguided natural processes.
Origin-of-life theorists committed to a purely naturalistic account of
life must therefore explain how both this genetic information and the
cell’s information processing system appeared virtually all at once, since
such things, by their very nature, work in direct synergy and thus cannot

evolve bit by bit.

This impossibility shouldn't be surprising, since the genetic infor-

mation and the genetic code together include features like semantic logic
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and the meaningful ordering of characters—things not dictated by any

laws of physics or chemistry.

The genome sequence of a cell is essentially an operating system, the
code that specifies the cell’s various genetic functions, affecting every-
thing from the cellular chemistry and structure to replication machinery
and timing, Because certain functions are shared by all forms of life, ge-
nomes are all similar to a considerable extent. For example, all mammals
share more than 90% of their genomes.” It has been estimated that even
life forms as distinctive as humans and bananas share 60% of their ge-
netic information.’ The unique portions are specific instructions for the

varying needs of different genera and species.

Because it is so crucial to life on Earth, genetic information had to
be transmitted and stored in a way that was as compact, eflicient, and
error-free as possible. This need presents a set of problems that had to be
solved and implemented virtually simultaneously, so that molecules able
to store and transmit genetic information were ready to go in the very

first organism.

DNA (deoxyribonucleic acid) is made up of three classes of chemi-
cal. One is the phosphate anion PO,*, with its four oxygen atoms dis-
tributed in a tetrahedral fashion around the phosphorous atom, produc-
ing a triple negative charge. Another is the five-membered cyclic sugar
molecule—ribose—with four available OH linking sites. (DNA uses a
special form of ribose called deoxyribose. Deoxyribose has an OH re-
placed with an H. We will discuss the differences between ribose and
deoxyribose in a bit, and their importance, but for now I will talk in
terms of ribose only.) The third class of chemical comprises four differ-
ent kinds of stable, rigid, and heterocyclic bases, two purines and two
pyrimidines, each with the ability to firmly attach to ribose via covalent
bonds and to each other via two or three H-bonding “supramolecular”

arms.

The attachments form ribose-plus-base “ribonucleotides” that turn

out to be ideal for transmitting information. Why is that? Let’s take it in
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stages. Some of what follows in this chapter gets pretty technical, but I've
arranged things so that if you want to skip forward, you can get the gist
of the arguments by reading the first paragraph or two of each subsec-
tion, the final couple of paragraphs of each subsection, and the chapter’s
concluding subsection. There are also several helpful illustrations along

the way.

The Phosphate Anion

IF 17's to be viable, life’s long-term storehouse of genetic information
cannot break down in the presence of water. The hydrolysis problem, in
other words, has to be solved in advance or life’s information storehouse
would dissolve as quickly as a sand castle struck by the incoming tide.

How DNA meets this challenge is a wonder of engineering finesse.

DNA is what's known as a polymeric ester, composed of a very
long phosphate (PO,*) wire—the wire runs close to two meters in hu-
mans—interspersed with ribonucleotides. This molecular architecture

is perfectly suited for DNA, as you will see.

The 3-D chemical structure of PO,*, with four terminal O-atoms
and three net charges, allows it to bind to two ribonucleotides (using
two of these O atoms) while one of the extra O stays single-charged.
If “R” represents a ribonucleotide, this can be written as (R'O)(R*O)
P(=0)-0O.

This remaining negative charge at the end is in resonance with two
oxygen atoms. That charge resonance is essential, since it stabilizes the
DNA molecule against reaction with water (hydrolysis) by forming an
electrical shield around the entire double helix. This encompassing elec-
trical field also holds DNA inside the cell nucleus, preventing the pre-
cious DNA from escaping via membrane permeation. These properties
make PO 43‘ the perfect link to construct a stable DNA macromolecule,
bonded to the right sugars and bases, well protected against hydrolysis,

and perfectly encapsulated inside the nuclear membrane.* This exqui-
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Genetic Code Chromosome

Phosphate Rail

Figure 3.1. The DNA molecule is in the shape of a twisting ladder—a
double helix. The phosphate side rails are on the outside, and the “rungs”
of the ladder are the four nucleotides (A, T, C, G) that carry coded infor-
mation. Histones serve as spools to package DNA into chromatin, the
stuff of which chromosomes are made.

sitely engineered molecular arrangement, which protects DNA, had to

be present for any cell to live. It's make or break.

For DNA to function properly, still another problem had to be
solved. Inorganic PO 43‘ is the perfect link for DNA, but as a link for the
long, polymeric molecule, its reaction with deoxyribose is too slow. The
cell needed therefore a proper catalyst to speed up this slow but crucial
reaction. Enzymes—Ilarge, exquisitely designed biomolecules—fulfill
this task by accelerating the formation of such links by many orders of
magnitude. Making enzymes is another whole incredible process we will
discuss later. They would have been needed from the very beginning to
make DNA. Yet they themselves have to be made using the DNA se-

quence they “were born” to make.

So we have two ingenious solutions to do-or-die challenges: an engi-
neering marvel—an electrical shield—that protects DNA from break-
ing down in the presence of water; and another engineering marvel—en-

zymes—that speeds a crucial reaction that would otherwise be far too
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slow. And these two ingenious solutions could not come one after the
other, because the DNA sequence is necessary to making the enzyme,
while the enzyme is necessary for making the DNA. Both the polymeric
DNA, with its multiple phosphate-sugar bonds and very slow kinetics,
and the proper enzymes to accelerate the formation of the DNA phos-
phate-sugar bonds, have to be in place at the same time. If only one exists

without the other, no cell at all.

Ribose

ANOTHER BIT of engineering cleverness was needed to cinch the stabil-
ity of DNA. When forming the phosphate wire, PO’ should be able to
react with ribose at any of its four OH groups extending from the sugar
molecule; but the intrinsic nature of the phosphodiester bonds found in
DNA make exclusive use of 5-3" OH groups. (As the ribose molecules
in Figure 3.2 indicate, biochemists number the carbon atoms in them.
The phosphate backbone of DNA binds the 5’ carbon in one sugar to
the 3’ carbon in the next.) It turns out that this 53’ selectivity in OH
binding increases DNA's stability when compared to 5-2" linkages.” In
DNA the 2" OH group is replaced by H, and is unavailable for binding,
and for good reason. This change prevents hydrolysis of the DNA, which

is essential for any molecule used for long-term storage of information.

A recent article expanded on the criteria for selection:

The reason that nature really chose phosphate is due to interplay be-
tween two counteracting effects: on the one hand, phosphates are nega-
tively charged and the resulting charge-charge repulsion with the at-
tacking nucleophile contributes to the very high barrier for hydrolysis,
making phosphate esters among the most inert compounds known...
(But] the same charge-charge repulsion that makes phosphate ester hy-
drolysis so unfavorable also makes it possible to regulate, by exploiting
the electrostatics. This means that phosphate ester hydrolysis can not
only be turned on, but also be turned off, by fine tuning the electrostat-
ic environment... This makes phosphate esters the ideal compounds to
facilitate life as we know it.
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Thus, only phosphates have the dual capacity needed to make DNA

work.

Researchers have constructed DNA analogues using sugars beside
ribose and measured their properties. So was ribose, this very specific
five-membered cyclic sugar, just one good option out of many? It appears
not.” The final molecule had to be both stable and capable of carrying the
code of life. For these jobs, only ribose will do. DNA analogues using
other sugars are not suitable information storage molecules. Some DNA
made of the other sugars fails to form stable double helices, or their in-
termolecular interactions are too strong or too weak, or their associa-
tions are insufficiently selective. Other DNA analogues adopt various
conformations that would hinder the cell machinery from replicating

them. Effectively, ribose was the only choice that would work.

Darwin suggested that life emerged by chance in a “warm little
pond.” In other words, an accident formed a masterful information-
storage molecule equipped with the only sugar that could make it work.
But judging from the myriad of molecules bearing two OH groups that
could mimic it, the task of making, finding, and specifically selecting this
particular and life-essential sugar at random in the “primordial soup”

would be dauntingly improbable.®

Ribose is also ideal at forming a 3-D molecular structure. True, it
is not the only sugar that allows for DNA to form a stable double helix,
but it’s far and away the best. The resulting inner space within the double
helix is about 25 A, and this distance is just perfect for one monocyclic
nitrogen base (T or C) and one bicyclic base (A or G). This perfect space
allows the formation of base pairs, in which (as we shall see below) A
pairs with T and C pairs with G, forming a crucial selective criteria of
the genetic code. If any sugar other than ribose were used, that distance

would be too wide or too narrow.
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DNA's Four Bases

ANOTHER cRUCIAL question: Why did life “choose” the very specific
ATGC quartet of N bases? Another indication of the planning involved
in the DNA chemical architecture arises from the choice of a four-
character alphabet used for coding units three characters long. Why not
more alphabetic characters, or longer units? Some of my fellow scien-
tists are working on precisely such genetic Frankensteins. It’s fascinating
work. But DNA should be as economical as possible, and for DNA to
last, it had to be highly stable chemically. And these four bases are ex-
actly what are needed. They are highly stable and can bind to ribose via
strong covalent N-O bonds that are very secure. Each base of this “Fan-
tastic Four” can establish perfect matchings with precise molecular rec-
ognition through supramolecular H-bonds. The members of the G=C
pair align precisely to establish three strong, supramolecular hydrogen
bonds. The A=T pair align to form two hydrogen bonds. A and G do
not work, and neither do C and T, or Cand A, or G and T. Only G=C
and A=T work.

But why don't we see G=EG, C=C, A=A or T=T pairings? After all,
such pairs could also form two or three hydrogen bonds. The reason is
that the 25 A space between the two strands of the double helix cannot
accommodate pairing between the two large (bicyclic) bases A and G,
and the two small (monocyclic) bases T and C would be too far apart to

form hydrogen bonds.’
A stable double helix formed by the perfect phosphate-ribose poly-

meric wire, with proper internal space in which to accommodate either
A=T or G=C couplings with either two or three H-bonds is necessary

to code for life. And fortunately, that is precisely what we have.

Ribose for RNA and Deoxyribose for DNA

THERE 1s an even more striking example of potential problems in the
DNA structure that had to be solved in advance. DNA must be highly
stable, while RNA, as the temporary intermediate between DNA and

protein (as we shall see below) must be dramatically less stable. RNA
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uses the intact ribose sugar molecule to make its polymeric wire, while
DNA uses a de-oxygenated version of it—deoxyribose. Since an OH
group has been replaced by an H at an apparently “chemically silent”
2-position in the ribose ring, it seems strange at first sight to note such
care for a seemingly trivial molecular detail. But it turns out that there is

a crucial-for-life reason for this amazing chemical trick.

The choice of D-ribose for m-RNA and D-deoxyribose for DNA
increases the chemical stability of DNA while decreasing that of RNA

in an alkaline medium. Both of these are for a reason.

If nuclear DNA is the hard drive of life, storing information for the
long term, messenger RNA (m-RNA) is life’s flash drive, transmitting
information over short periods of time. RNAs lifetime had therefore to
be short, otherwise protein production would never stop. Life needed a
way to quickly “digest” via hydrolysis and ideally recycle the components
of RNA when its job is finished. When chemists analyzed this “mys-
terious” OH/H exchange, they discovered that the apparently “silent”
2-OH group helps RNA undergo hydrolysis about one hundred times
faster than DNA." So we see that ribose had to be used in RNA for

easy digestion in an alkaline medium, and deoxyribose had to be used

Figure 3.2. The chemical structures of ribose and 2-deoxyribose, and
two ribose molecules linked to form RNA. The nature of the bond be-
tween two ribose molecules (as opposed to two deoxyribose molecules)
diminishes the lifetime of RNA, which is actually crucial to life’s infor-
mation-processing system.
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in DNA for longevity. Otherwise, life would be impossible. Again, by
all appearances this stability control for both DNA and RNA had to
be anticipated ahead of time and the solution provided with just-in-time

delivery.

Homochirality and the U-to-T Exchange

THERE ARE other striking solutions within DNA and RNA. Like many
other organic molecules, ribose can come in either a right-handed (D) or
left-handed (L) form, and a random assemblage of the stuff would have
a roughly equal mix of the two—what is known as a racemic mixture.
But a racemic mixture of D-ribose and L-ribose would be biologically
disastrous, rendering impossible the proper 3-D coherence of the double
helix. Both DNA and RNA need either all D forms, or all L forms—not

a mixture.

So here’s the mystery: How could purely blind chemical forces have
accomplished this challenging 3-D selection? Commenting on the puz-
zle, Philip Ball, a science writer and an editor of the journal Nature, once
conceded, “On the 60th anniversary of the double helix, we should ad-
mit that we don't fully understand how evolution works at the molecular

level.”"! That's putting it mildly.

There is another crucial difference between RNA and DNA. Where
DNA uses thymine (T) as one of its bases, RNA uses uracil (U). This
U-to-T exchange is intriguing because the chemical structures of T and
U are nearly identical, distinguished only by a single, small methyl group
(CI—I3). As the editors of the NSTA WebNews Digest noted, converting
uracil to thymine requires energy, so why do cells bother to methylate
uracil into thymine for DNA?"* Additionally, the extra group is placed
in what seems to be a rather inert position on the T ring, It seems there-
fore that such a rather small and inert CH, group is there only to “dif-
ferentiate” U and T while disturbing the chemical properties as little
as possible. A number of evolutionary explanations have been offered

for this U-to-T exchange,” but it turns out this exchange maintains the
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integrity of the whole information storage system, so a fully evolved form

of it would have been needed from the start.

As we saw earlier, the four RNA bases—A, U, G, and C—are su-
perb for the job they have, but they also cause a problem if used in the
wrong context. The U-to-T exchange is the solution. The original quar-

tet is fine for less stable RNA, but not the best choice for long-lasting
DNA.

The U base would still establish preferential pairing with A, but the
A=U pair is not ideal for the role DNA fills, since U can also match
efliciently with all the other bases, including itself. DNA’s T, on the
other hand, is much more selective than U in its pairing with adenine
(A), forming a more stable A=T pair. This specificity makes sense when
you remember that DNA, which is made of nucleic acids, phosphate an-
ions, and sugar molecules, is very hydrophilic (water-loving). As Michael
Onken explains, the addition of a hydrophobic CH, group to U (thus
forming T') causes T to repel the rest of the DNA. This, in turn, shifts
T to a specific location in the helix. This perfect positioning causes T to
bind exclusively with A, making DNA a better, more accurate informa-

tion replication system." This guarantees the long-lasting integrity of
DNA information.”

So we see that the most fundamental design principles of the DNA
helix are carefully tuned for the code to work propetly, from the number
of H-bonds between the A=T and G=C interactions, to the exact fit of

the molecules between the two wires that form the double helix.

Another Enzyme Wunderkind to the Rescue

BuT THERE is at least one other potential problem that could ruin the el-
egant logic of life’s genetic code. Cytosine (C) is not as stable as the other
bases, and as the time goes by, it degrades by deamination. When it de-
grades, it forms what? The U base. This degradation, of course, would
corrupt the information by creating alien U’s that shouldn't be there.

RNA, because it is rapidly used and recycled within the cell, is immune
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to this aging problem. But DNA, with its much longer lifetime, can't use
U. Without the U-to-T exchange, as well as U-to-C repair, this degen-

eration of C into U would be catastrophic to life.

It is because of this C-to-U degradation that DNA had to find a
replacement for U. Degradation of C into alien U would be disastrous
if it hung around in DNA. The alien U must be converted back into C.
Enter uracil DNA glycosylase,'® a repair enzyme specifically equipped to
correct what would otherwise be a deadly software bug, This exquisite
enzyme repairs all U’s to C's. This repair works to correct the C-to-U
errors, but imagine an “evolving scenario” in which the repair system was
working but DNA used U instead of T. In it, the repair enzyme, not
knowing the difference, would catastrophically repair everything back
to C, including the bases that were supposed to be U. So both the U-to-
T exchange and the U-to-C correction machine are necessary at once to

preserve the information in DNA.

This correction machine scans the DNA, detects every alien U, and
replaces it with a C. Cytosine degrades into uracil one thousand to ten
thousand times a day—and that's in just one cell. But it never gets ahead
of uracil DNA glycosylase, returning the DNA to its original and proper

sequence."” The U-to-C correction machine is a work of pure genius.

The U-to-T exchange is not just a nice advantage, but a necessary
function that had to be in place from the start. (If DNA were “born” us-
ing UU, its real U would be confused with the alien U formed by aging
Cs. DNA glycosylase, if accidentally present, would not do any good,
since then it would replace all U with a C, rapidly corrupting the in-
formation in DNA.) This amazing chemical trick is an insurmountable

barrier for unguided evolution.

Take, for example, one popular origin-of-life theory: the RNA
World. In this theory, life began with RNA,"™ which at some point
invented DNA and was replaced by it. But supposing that this proto-
DNA was made by the same RNA bases (and sugar), using U (and intact
ribose), it would undergo hydrolysis too quickly, and the C-to-U degra-
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dation would corrupt DNA. Even if by some miraculous stroke of good
fortune the U-to-T exchange happened to occur, the newborn DNA cre-
ated by RNA would lack the enzyme repair mechanism to convert every

alien U back into C, quickly killing the incipient life.

No second generation. No natural selection. DNA construction is

an all or nothing affair.

Evolution may, at some point, have been granted a single wildly im-
probable stroke of good luck. But two simultaneous and synchronized
such strokes of good fortune? That seems like a bridge too far. And mul-
tiple such strokes of good fortune are needed simultaneously: the PO >
anion, the proper sugar (ribose), the correct bases ATGC, the U-to-T
exchange, the OH/H exchange, and a homochiral D-ribose.

Genetic Redundancy

IN ADDITION to referring to the DNA sequences that contain informa-
tion for synthesizing entire proteins, the term “genetic code” also can
mean the set of rules that matches an amino acid to a specific DNA
triplet (a combination of three nucleotides called a “codon”). The genetic
code in this second sense features yet another hallmark of foresight and

sound engineering: redundancy.

This redundancy is possible due to the genetic code’s basic archi-
tecture, in which each of the three “letters” in a nucleotide triplet in se-
quence can be any of four different alphabetic characters, yielding 4 x 4
x 4 total possibilities—sixty-four all together. But there are sixty-four
possibilities and only twenty amino acids. That leaves a lot of room for
possible redundancies. In other words, more than one three-letter com-

bination might code for a given amino acid, and that’s in fact what we

find.

This “redundancy” was initially interpreted as an ineflicient artifact
of evolution’s sometimes messy trial-and-error process. At first, scien-
tists thought that only twenty codons were needed for the amino acids,

plus two more codons to signal the start and stop of protein synthesis
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RNA (U)
DNA (T)

Figure 3.3. The genetic code with its “redundancy” of sixty-four codons

for twenty amino acids. RNA uses uracil (U) whereas DNA uses thy-

mine (T).
(called “translation”). Since then, however, we have discovered that the
redundancy is actually vital. The apparent overkill minimizes reading
and transmitting errors so that the same amino acid is transferred to

each generation.

But if carefully inspected, the redundancies themselves don't seem
to be random, since they involve mainly changes in the third letter of
each triplet. For example, the simplest amino acid, glycine, has four
codons that specify it: GGA, GGC, GGG, and GGT. The only posi-
tion that varies is the third, and any nucleotide in that position will still
specify glycine. (There are other biological effects possible, though—for
example effects on the speed of protein synthesis and folding. See below.)

Changes in the first and second letters are less common, and are
offset by the expression of amino acids with chemically similar prop-
erties and that don't significantly alter the structure and properties of
the final protein. For example, the CTT codon that codes for leucine
becomes the chemically similar isoleucine when the C is replaced by A
(ATT). Such redundancies establish a chemical buffer between amino
acids when common errors occur. That is, the code of life has built-in

safeguards against potentially damaging genetic typos.
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But that’s not the only purpose of the redundancy in our genetic
code.” The use of different codons to express a single amino acid also
allows the speed of protein synthesis to be controlled. For example, four
different codons may specify the same amino acid, but the four differ in
their effects on how fast or slow a bond is made and the protein folds.?
This kinetic control gives each protein the exact amount of time it needs

to form the correct 3-D shape.

There are other nuances in our genetic code that seem to suggest
foresight, such as the grouping of codons for amino acids with either
acid or alkaline side chains.*® Hence, if environmental stimuli require
exchanging an alkaline (basic) amino acid for an acidic amino acid in a
protein, this exchange is aided by such grouping, Again, what a wonder-
ful chemical trick! For example, a basic lysine coded by either AAA or
AAG can easily be changed to the acidic glutamic acid by only a single-
letter substitution: GAA or GAG. Having such a flexible code helps the

organism to stay alive.

The code also anticipates and has safeguards against the most com-
mon single-point mutations. For instance, leucine is encoded by no less
than six codons. The CTT codon encodes leucine, but all the third-
letter-mutation variations—CTC, CTA and CTG—are “synonymous”

and also encode leucine.

First-letter mutations are rarer, and potentially more dangerous be-
cause they do change the amino acid specified—if C is exchanged for T,
forming the TT'T codon, a different amino acid (phenylalanine) will be
expressed. But even for this, the genetic code has a safeguard: phenyl-
alanine’s chemical properties are similar to leucine’s, so the protein will
still retain its shape and function. If the first letter C in CTT (leucine) is
replaced by A or G, something similar happens, since ATT (isoleucine)
and GT'T (valine) have physicochemical properties similar to leucine as

well.

The 2015 Nobel Prize in Chemistry was awarded jointly to Tomas
Lindahl, Paul Modrich, and Aziz Sancar “for having mapped, at a mo-
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lecular level, how cells repair damaged DNA and safeguard the genetic
information.”” The 2016 Prize went to Jean-Pierre Sauvage, Sir J. Fraser
Stoddart, and Bernard L. Feringa “for the design and synthesis of mo-
lecular machines,” including “a tiny lift, artificial muscles, and minus-
cule motors.”” That is, these six scientists uncovered the mechanisms of
DNA typo corrections and produced nanomachines like the ones that
repair the C-to-U degradation in DNA. Unravelling these processes
took six of the most brilliant minds in chemistry, along with an army
of other research groups, toiling for decades to lay the groundwork for

these breakthroughs.

This tour de force of research and engineering sophistication thor-
oughly deserved two consecutive Nobel prizes. Are we then to believe
that the marvels of engineering that these brilliant scientists discovered
were themselves produced by a mindless process? If discovering the
function of these engineering marvels took genius, how much more ge-

nius would be needed to create them?

The problem for evolutionary theory is exacerbated by the fact that
evolution only works one step at a time. So, which came first, the DNA
or the correction machinery? The correction machinery is encoded in
DNA, but the DNA can only survive from generation to generation
with the help of the correction machinery. It seems to be a chicken-and-

egg problem for evolution.

Amino Esters and Ribosomes

DNA's FOUR-CHARACTER alphabet is used to compose the larger twen-
ty-character alphabet of alpha amino acids (a-amino acids). Life needs
this collection of twenty building blocks, each distinct, to make a pro-
tein. These building blocks must react with each other to form specific
chemical connections called peptide bonds. Chemists have learned to
use this reaction to make polymers like nylon, for which they used H,N-
(CH,),-COOH molecules as the specific building blocks. The reaction

occurs without much guidance because NH, has no option but to react

with COOH.
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Figure 3.4. The 20 a-L-Amino acids, masterfully engineered to form a
comprehensive yet economical set of building blocks for the proteins of
life, displaying a range of all major intermolecular forces, from London
dispersion forces of nonpolar carbon chains to H-bonding and charge
attraction, as well as acid and alkaline properties.

It's much more complicated for proteins, however, since a-amino ac-
ids have twenty different side chains (called “R groups”; see Figure 3.4)
attached to their backbones. Each protein is a polymer, a chain made of
many subunits linked together like nylon, but composed of amino acids.
But the amino acid R groups pose a serious problem for protein syn-
thesis, because they can react favorably with both themselves and the
COOH and NH, groups of the other a-amino acids. The desired pep-
tide reactions, on the other hand, are usually unfavorable, requiring a
positive change in free energy (abbreviated AG).** All the other viable
side reactions will interfere with the formation of a protein polymer. So
how does life get around this severe competition problem? Life relies on

a chemical trick often used in synthetic chemistry: derivatization.
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What follows gets pretty technical. Feel free to simply review the
illustrations and then skip to the payoff, laid out in the final paragraph

of this subsection.

Ribosomes are large multimolecular machines that synthesize pro-
teins from amino acids in living cells. But before going to ribosomes,
each a-amino acid is converted into an amino ester, a process called
“derivatization,” and attached to a “transfer RNA” (tRNA) by an en-
zyme called a tRNA synthetase. There are distinct tRNAs and tRNA
synthetases for each amino acid. Competition from energetically more
favorable R-with-R or even R-with-NH, or R-with-COOH reactions
would be fatal to protein synthesis if it were not for the ribosome. Here's
what happens during the process of translation, as a-amino acids get at-
tached to their specific tRNA by their specific tRINA synthetases. In a
very elegant and ingenious process, amino esters are first phosphorylated
by ATP and then, via a trans-esterification reaction, a tRNA linked

amino ester is formed.

To ensure the desirable NH, -with-COOH reaction takes place, the
amino acids are first esterified (which makes the chemical bond easier
to form), then brought together by the mechanical hands of a ribosome,
holding them in the correct position to prevent competing R reactions
from taking place, and providing the necessary energy for the bond to

form.

Again, this ribosome-driven reaction does not seem to be an advan-
tage that life could acquire little by little, by trial and error. Chemically,
it is impossible to produce a functional protein without ribosomes that
have already solved the competing reaction problem, or without the col-
lection of twenty specific tRNAs and tRNA synthetases that would feed
it with amino esters. As in so many other cases with the cell and its code,

if this need is not foreseen and planned for, there will be no cell at all.

Conclusion: Codes and Coders
Now LET's step back a moment and review, focusing just on DNA.

With its double-helix structure, DNA is the most eflicient, most pro-
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tected, best calibrated in terms of chemical stability, and most compact
form of information storage known on the planet. How did this perfect,
polymeric, nearly two-meter long, 3.2 billion-piece (for humans) molecu-
lar wonder form without anything telling it to? A cell doesn't know that
only ribose will work, or that it needs an intact D-ribose for RNA but a
D-deoxyribose for DNA, or a U/T exchange, or four bases with perfect
fittings and sizes, or a stable and protective phosphate anion wire, or an
electric shield, and more. And yet it has all these things and, indeed, it

must have had them from the very first cell.

Antony Flew, a famous atheist philosopher who converted to the-
ism late in his life after studying this evidence, concluded, “Fifty years of
DNA research have provided materials for a new and enormously pow-

erful argument to design.””

Morse code was created by an intelligent mind, that of Samuel F.
B. Morse. The barcode was invented by the brilliant Norman Joseph
Woodland, and the ASCII code by the visionary Robert Bemer. Codes

always have code-makers.

DNA, RNA, and the genetic code (in the sense of sequences needed
for protein synthesis) serve as beautiful examples of foresight, in their
coordinated structure, maintenance, and back-up plans. Francis Crick,
co-discoverer of the double helix, proposed a “frozen accident” scenario
for the evolution of the genetic code,* but he was unable to fill in all the
many details of this hypothetical accident, and fifty years later, natural-
istic explanations for the origin of the code of life have not been forth-
coming.

The genetic code dwarfs any human code in its sophistication and
capacities. That by itself should be enough to suggest the possibility of
foresight and design. But there’s more. As it turns out, the genetic code
cannot read itself or implement the instructions it holds. To do that,
other sophisticated solutions are necessary. We investigate those addi-

tional tricks in the next chapter.



4. LIFE’S HELPERS

As WE SAW IN THE LAST CHAPTER, THE CODE OF LIFE IS FANTASTI-
cally sophisticated, and it had to be carefully designed to function
properly. But having a code isn't enough. You need a lot of helpers as well.
In this chapter, we're going to examine some molecular machines that

help turn DNA into proteins, and proteins into living things.

Operons

From THE moment life is up and running; it needs a control mechanism
to produce the right proteins at the right time at the right concentration.
Cells need to be able to turn gene expression on and off to respond to
environmental changes. Bacteria are a good example. As they encounter
changing environments, bacteria express different enzymes (enzymes
are a type of protein) depending on what nutrients are available. The
bacteria can, for example, turn off genes that express lactose-metabo-
lizing enzymes when they don't need them, and then turn these genes
back on if lactose, the disaccharide in breast milk, suddenly becomes the
only nutrient available. If glucose, the most preferred sugar, is present
along with lactose, bacteria can even differentiate this detail and digest
the glucose first before turning on the genes to digest lactose. In bacteria,

this control is usually done with operons.

These clusters of co-regulated genes control protein synthesis. For
example, the genes required to use lactose as an energy source are or-
ganized into the lactose operon, or “lac operon.” This operon comprises
three genes grouped together. The first gene, lacZ, encodes an enzyme
that splits lactose into glucose and galactose (B-galactosidase). The sec-
ond gene, lacY, encodes a “permease” needed to facilitate lactose up-take
by the cell. And lacA is the third gene, required for using similar galacto-

side sugars. All three genes turn on or off in tandem. This clever group-
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ing of genes under a common control mechanism allows a bacterium to

quickly change its diet multiple times over the course of its life.!

This is now the stuff of high school biology textbooks; but when
this mechanism was dissected in the 1960s, it actually provided the first
understanding of gene regulation at the molecular level—resulting in
Nobel prizes for the investigators. The steps in gene regulation even in

the simplest organisms were impressive.

Evidence suggests that operons are ancient, and have always been a
feature of bacterial chromosomes. Under a Darwinian view such organi-
zation is surprising: How is it possible for genes to evolve at random to
then be recruited, juxtaposed on the chromosome, and assembled into

operons so eatly in life’s history?

An operon is made up of an operator, a promoter, and structural
genes. (On some accountings an operon also includes a closely associated
regulatory gene, which is the lacI gene for the lac operon.?) The genes are
transcribed into messenger RNA (mRNA) by the protein called RNA
polymerase, which normally begins the process of gene expression by
binding to a promoter. However, there is an operator, a regulatory se-
quence in the DNA overlapping the gene’s promoter DNA sequence. If
a repressor protein, such as LacI, binds to the operator, it prevents the
binding of the RNA polymerase to the promoter sequence. This binding
in turn prevents transcription (gene expression is another way to say it)
so that the gene’s product (e.g,, LacZ, LacY, or LacA) will not be made
when lactose is absent from the environment, or present in combination
with glucose. This mechanism ensures conservation of cellular resources

by aHowing gene expression only under the appropriate circumstances.

If the enzymes produced by the structural genes are actually needed,
then the repressor is inactivated (removed from the operator), allowing
RNA polymerase access to the promoter to initiate transcription. This

is what's known as the induction phase.
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In bacteria, which lack a nucleus, once mRNAs are initiated, ribo-
somes can immediately load on the messenger and start making pro-
tein even before the mRNA is completed. This coupling of transcription
and translation in bacteria provides incredibly short response times to
changing environmental conditions. When lactose suddenly becomes
available, E. coli rapidly go from having only a few molecules of LacZ
(B-galactosidase) in the cytoplasm to having 15% of its total cellular pro-

tein made of this enzyme.

James Shapiro offers the following observation in the journal Gene:

A series of highly integrated molecular interactions allows E.coli
cells to distinguish between two sugars and execute the following non-
trivial algorithm: IF lactose is available AND IF glucose is not available
AND IF the cell can synthesize beta-galactosidase and lactose perme-
ase, THEN transcribe lacZYA from the lac promoter.?

So we find that E. coli uses logic statements to make decisions, much

like the logic statements used in computer coding,

The Sound of One Hand Assembling

ProTEINS ARE made from alpha amino acids that react to form a myriad
of polymers (macromolecules consisting of many similar subunits). Most
proteins must fold themselves into a functional 3-D shape. How does a
mindless polymer know what to do? If it doesn't fold right, the protein
can become deformed and broken. Proper folding requires a highly intri-

cate balance of intra- and inter-molecular forces.

There are land mines all along the way to disrupt the exquisite cho-
reography of protein folding. Fortunately, all of these were properly an-
ticipated and defused.

Amino acids, if generated “at random,” would come in two forms:
right-handed (D) and left-handed (L) (see Figure 4.1), in what is called a
“racemic mixture,” The problem is that a racemic mixture would make

a mess of the 3-D structure of a protein. If the cell were to use any but a
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The Chirality of a
Protein

Figure 4.1. In the making of the self-folding, intricately curled proteins
essential for life, only alpha-L-amino acids were used as the building
blocks. This is fortunate because a mix of left- and right-handed wouldn't
have worked. Interestingly, blind chemical forces tend to yield a roughly
even mix of left and right, but somehow life was gifted with all lefties to
work with. To get all lefties, we need a skilled biochemist or a living cell,
but according to evolutionists, life is supposed to have gotten its start
without either.

pure set of left-handed amino acids, or a pure set of right-handed amino

acids, it could not produce a functional 3-D structure for a protein.

One possible solution to the L/D mixture problem would be to pro-
gram DNA sequences for specific L or D amino acids. But this extra
programming would be tremendously expensive, since extra codons for
either L or D would be needed. Life exhibits a more elegant solution,
having started with 100% left-handed amino acids—a situation referred

to as homochirality.

If life started with a primordial soup, this means that right-handed
alpha amino acids were somehow removed from—or kept out of—the
primordial soup. This solution was a master stroke—and a most for-
tunate one for us. Without homochirality for the cell’s amino acids, no
functional protein would be feasible, and the cell would die. More pre-

cisely, it would never come to life.
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Enzymes

Lire REQUIRES quick execution of countless chemical reactions, which
constantly occur at high speeds throughout our cells. To pull this off,
incredible nanomolecular machines are required: proteins known as
enzymes (Figure 4.2). These molecular wunderkinds, loaded with so-
phisticated chemical technology, are essential to accelerate many of life’s
chemical reactions. Reactions that might otherwise take many years oc-

cur in a fraction of a second with the help of enzymes.

Enzymes are catalysts, meaning they are not consumed in the reac-
tions they accelerate, so they can be recycled and reused in successive
reactions. An enzyme can process millions of substrate molecules per
second. It acts by playing with chemistry, that is, by lowering the activa-
tion energy required to convert reagents into products. Activation energy
refers to the amount of energy required to break bonds in the reagent

molecules to create new bonds in product molecules.

It bears repeating: Life on Earth could not wait for enzymes to even-

tually show up. No enzymes, no fast reactions, no life. Most of the bio-

_ Substrate

Aye Site ’ Distorted Active Site -

Enzyme “ .
4 ~ Inhibitor
Distorted Active Site
/ Active Site

™ Activator

Figure 4.2. The intricate action of an enzyme accelerates chemical reac-
tions. The target molecule is captured and properly encapsulated within
the enzyme’s active site. Target bonds are then formed or broken. En-
zyme activity must be precisely controlled to produce life-friendly re-
sults, and happily, life has a series of enzyme activators and inhibitors
to do the job.
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chemical reactions required for life are intrinsically slow—Iethally slow,
in fact. It is logical, then, to assume they had to be anticipated and ac-

celerated by enzymes before life could get going.

Many enzymes are composed of a single protein chain, which can be
very sophisticated and often are enormous molecules. Conjugated en-
zymes are another common class of enzyme. These consist of a protein
portion known as apoenzyme, inorganic cofactors such as iron, magne-
sium, or zinc ions, and/or organic cofactors such as vitamins or their de-
rivatives. Such conjugated enzymes further enhance the sophistication
of the system, given the greater diversity of functions and structures.
Still other enzymes are composed of multiple subunits—each an indi-
vidual protein that contributes to the enzyme’s functioning, Sometimes
the subunits carry out multiple reaction steps and hand off the interme-
diates from one reaction site to the next very rapidly, like hot potatoes,

so the intermediates don't degrade before the next step can take place.

Enzymes are very effective, but they only work well if the medium’s
temperature, pH balance, and substrate concentration have been prop-
etly adjusted. Under too low or too high temperatures and pHs, an
enzyme denatures—that is, loses its functional 3-D shape. Numerous
life-essential enzymes require strictly controlled chemical environments,
and only function properly within fully formed and functional cells.
These intracellular enzymes pose another chicken-egg problem: No cell,

no enzymes; no enzymes, no cell.

See the quandary? Enzymes, themselves exquisite works of engi-
neering sophistication, need fully formed and functioning cells to sur-
vive; and cells need fully operational enzymes to survive. So you have
to have both at the beginning, You can't have one pop into existence by
some miracle of happenstance, and then some time later have the other
pop into existence by a similar stroke of good fortune, and expect the
other to still be waiting around. The first would be long dead before the
second arrived, and with the first one dead, the second is in for a very

short ride in Darwin’s warm little pond.
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Enzymes also have spectacular internal dynamics, dynamics dic-
tated by a finely tuned intramolecular ballet. This synchronized ballet
involves the movement of protein parts—everything from very small
things like individual amino acids, or groups of amino acids, to a loop of
the protein chain, or segments of the protein chain with particular 3-D
shapes called a-helices and B-sheets (Figure 4.1), all the way up to entire
protein domains. These movements are driven by finely tuned intramo-
lecular forces and occur in as little as a few quadrillionths of a second.
(A quadrillion is 1 followed by 15 zeroes—that is, a thousand trillion.)
Enzymes not only position their substrates correctly in 3-D space, mak-
ing it possible for them to react, but also stir them up using precise vibra-

tions to bring about the proper conformations.

A few examples of enzymes will reveal how important they are to
life. RNA polymerase, for instance, helps transcribe DNA into RNA.
Aminoacyl-tRNA synthetases fit the proper amino acid to the proper
tRNA, allowing the ribosomes to work propetly. No enzymes, no life.

And no life, no enzymes.

If one were assigned to design an effective enzyme from scratch,
imagine how much prior knowledge would be needed. You would have
to understand the final goal and be aware in advance of the 3-D shape
of your substrate before you could create a proper cavity in the enzyme
where the substrate fits (Figure 4.2). You would need to know the func-
tional groups in the substrate that the enzyme needs to immobilize in
its active site (using effective inter- and intra-molecular interactions such
as hydrogen and polar bonding). You also would need to know what
reaction was needed and where this reaction should occur to activate
the proper site of the immobilized molecule. Finally, you would have to
know how to protect your enzyme from harmful reactions with the sub-

strate.

And all that is only the initial preparation. After that, you would

need to know how to place nanomolecular “hands” in your enzyme to



70 / Foresigar /

promote, for example, the hydrolysis of your substrate by reaction with a

hand-delivered water molecule.

It is extremely hard just to describe this process, to say nothing of
actually designing a system to accomplish it. Yet enzymes do it auto-

matically, over and over again, with right-on-time delivery.

There is a lab that has begun this process of trying to make de-
signer enzymes—David Baker’s lab at the University of Washington.
They choose a kind of reaction they want to create, then look for the
kind of chemistry they would need to create, then find an enzyme that
has an active site that comes closest to what they need. Then interactive
modeling of changes to enzyme sequence and structure are run in the
computer until they are satisfied they have found a sequence that comes
closest to one that will work. Then they synthesize and test the enzyme.
Lather, rinse, repeat multiple times. They have succeeded in creating de-
signer enzymes but, the last time I looked, with low specific activity. Not

normal yet.

The scientists and the media are excited about the possibilities of
bringing intelligence to bear on the problem of enzyme design. Work-
ing from the assumption that enzymes are the product of evolutionary
processes, Baker says, “There’s a lot of things that nature has come up
with just by randomly bumbling around.” And he adds, “As we under-
stand more and more of the basic principles, we ought to be able to do
far better.” We'll see. It's an interesting reverse test of intelligent design,

don't you think?®

Chaperones and Chaperonins

PROTEINS ARE marvelous pieces of chemical nanoengineering, but for
these biomolecular giants to become functional, the linear strings of
alpha-L-amino acids need to take on specific 3-D forms. As the protein
takes shape, it folds itself thanks to numerous well-balanced intramo-
lecular forces. But there are many possible 3-D forms, and proteins can

get lost along the way. The final functional shape is its lowest free energy
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conformational state, but this is sometimes hard to find. If it folds into
the wrong shape, a protein is useless. If the first proteins fell into these
death valleys, life on Earth would never have appeared. So, what was the
solution? The amazing chaperones (Figure 4.3). Here is how their role is

described in the journal Nature:

Most proteins must fold into defined three-dimensional structures
to gain functional activity. But in the cellular environment, newly syn-
thesized proteins are at great risk of aberrant folding and aggregation,
potentially forming toxic species. To avoid these dangers, cells invest
in a complex network of molecular chaperones, which use ingenious
mechanisms to prevent aggregation and promote efficient folding, Be-
cause protein molecules are highly dynamic, constant chaperone sur-

veillance is required to ensure protein homeostasis (proteostasis).®

Chaperones that help proteins fold into the right shape are called
“chaperonins,” but as we shall see below, chaperones perform other
functions as well. As the authors of another study put it, “At the most
elementary level, biomolecular interactions define life, and protein chap-

erones are designed to moderate such interactions.”

Properly Folded

Protein \

Misfolded Protein

D
@
ATP 77> ADP + Pi

GroEL GroES

Figure 4.3. Chaperones, including chaperonins, are the “physiotherapists
of life,” helping “baby proteins” to get in shape. Which came first: pro-
teins that need chaperones to fold properly, or chaperones that help to
rapidly and properly fold proteins?
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Spontaneous folding is quite rapid (milliseconds to seconds) for
many proteins, but many large, critical proteins fail to find by themselves
the right shape and, without help, would become only so much molecu-
lar waste. Also, when forming a protein complex, a protein will remain
in an incorrect shape if it fails to find a partner subunit. A lot has to go

right for the protein to assume its functional 3-D shape.

Propetly folded proteins are essential for life because they conduct
most of the necessary functions in a cell. Different kinds of chaper-
ones exist for helping fold different kinds of proteins. One example is
the chaperone HSP70, which biochemist Laurence Moran describes
as binding “to hydrophobic regions of the folding protein, preventing it
from aggregating with other partially folded proteins and steering it to-

ward the final structure.”®

Simply put, chaperones avert folding mishaps and are therefore cru-
cialin protein synthesis. The way protein folding is controlled varies from
protein to protein. Some chaperones help fold certain amino acid chains
while they are still being constructed by the ribosomes. Post-translation
chaperones do this job after translation is completed for other proteins.
One chaperone, Trigger Factor, slows down improper folding of amino
acid chains, and can even unfold amino acid chains that have already

folded incorrectly.

Many proteins require chaperones to fold rapidly and properly. In-
stead of spontaneous self-assembly we find assisted assembly. And even
after the proteins are folded correctly, chaperones help them maintain

their functional states, by a process known as proteostasis.’

Such work is indispensable. Misfolded proteins are not merely use-
less to the cell, but ruinous. Their exposed hydrophobic surfaces bind
to each other, causing misfolded proteins to start clumping together. In
some inherited human diseases, these clumps of misfolded proteins can
cause severe symptoms and even death. Chaperones are normally able to
prevent such protein clumping by binding to the exposed hydrophobic

surfaces using hydrophobic surfaces of their own. Usually, incorrectly
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folded proteins have exposed patches of hydrophobic amino acids on
their surfaces, while correctly folded proteins usually have these hydro-

phobic amino acids buried in their interior.

These protein rescuers compete with another mechanism for clean-
up duty. This second mechanism, upon recognizing an abnormally ex-
posed hydrophobic patch in the structure of a protein, marks the pro-
tein for destruction by large aggregates of protein-eating enzymes called
“proteasomes.” The normal functioning of chaperones and proteasomes

masterfully prevents runaway protein clumping in a cell.

And here’s the kicker. For cells to function, chaperones are essential
to fold and maintain the cell’s crucial proteins.'® In addition to helping
fold, chaperones also assist under conditions of cellular stress. For in-
stance, what are known as heat shock proteins (HSPs) chaperone back to
their original shape other proteins that have been damaged by thermal
shock. Without them, no life. And yet chaperones are themselves made
of proteins that must be properly folded and maintained by other kinds
of chaperones." For those committed to origin-of-life scenarios devoid
of foresight and planning, this is a devilishly difficult chicken-egg prob-

lem.

The aforementioned Laurence Moran, a professor of biochemistry

at the University of Toronto, disagrees:

All of the common chaperones fold spontaneously without the as-
sistance of any other chaperones. The reason why they are called “heat
shock” proteins is because their synthesis is induced when cells en-
counter high temperature or other conditions that may cause proteins
to unfold or become unstable. These rescue chaperones are made in
huge quantities under these conditions to help prevent the destruction
of normal cellular proteins. If you understand this then you will under-
stand that the chaperones themselves are capable of rapid spontaneous

folding,"

Contrast Moran’s picture of chaperones quickly and easily “folding

without the assistance of any other chaperones” with a comment on the
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matter by Per Hammarstrom, a professor in the Department of Phys-
ics, Chemistry, and Biology at Linkdping University, Sweden. Hammar-
strdm is co-author of an article on chaperone folding published in the
Journal of Chemical Biology. This paper deals with two chaperone proteins
called GroES and GroEL, both heat shock proteins that are activated in
response to stress, and that work together to assist in folding or refolding
proteins. They have been shown to interact with up to 30% of the cell’s
proteins, so their importance is real. Together they form a barrel-shaped
structure, with GroEL the main part of the barrel and GroES the lid.
Unfolded proteins enter the barrel and after several cycles of binding and

release, are let go into the cytoplasm again, now folded.

In responding to a question posted at Research Gate about chap-
erone folding, Hammarstrom noted that “we have very recently shown
that GroES the co-chaperone is likely assisting in folding GroEL.” This
comment, combined with previous work published in Nature, sug-
gests that chaperones do indeed serve as chaperones to other chaper-
ones—GroES helps to fold GroEL. In addition, the Journal of Chemical
Biology paper says that “translation and thus protein synthesis of GroES
and GroEL are spatially organized according to gene order. Therefore,
GroES will first be synthesized facilitating its interaction with the sub-
sequently formed GroEL. It is hence intriguing to propose that GroEL
is a substrate for GroES.”"* That is, GroEL is acted upon by GroES.

In sum, an existing GroES may be needed to help fold a newly form-
ing GroEL; whereupon they both work in synchrony to help fold other

key proteins.

The Shocking Skill of Heat Shock Proteins

Bruce ALBERTs and his colleagues note that these heat-shock proteins
“are synthesized in dramatically increased amounts after a brief exposure
of cells to an elevated temperature.” For instance, the optimal tempera-
ture for human cells is 98.6°F, but if they are exposed to a temperature
8 or 9 degrees above that, they will experience heat shock. This reflects

the operation of a feedback system that “responds to an increase in mis-
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folded proteins... by boosting the synthesis of the chaperones that help

these proteins refold.””

As F. Ulrich Hartl and his colleagues explain, HSP70 chaperones
“are multicomponent molecular machines that promote folding through
ATP- and cofactor-regulated binding and release cycles.” HSP70 is itself
regulated by nucleotide-exchange factor proteins and by proteins from
the HSP40 family.'s Proteins that still fail to fold properly with the help
of these chaperones are then treated by the toughest physiotherapists of
life: the chaperonins, large, cage-like, “double-ring complexes... that func-
tion by globally enclosing substrate proteins... for folding.” Chaperonins
function as a kind of backstop. “The cylindrical chaperonins allow the
folding of single protein molecules enclosed in a cage,” Hartl et al. write.
“The two systems act sequentially, whereby HSP70 interacts upstream
with nascent and newly synthesized polypeptides and the chaperonins
function downstream in the final folding of those proteins that fail to

reach native state by cycling on HSP70 alone.””

To the benefit of science, we should then ask: Could this incredible
and highly diversified system of error recognition and correction, involv-
ing a myriad of highly selective and sophisticated macromolecules, arise
by an unguided and blind natural process? Darwinists have answered
with aloud “yes” to this question and “explained” the emergence of chap-
erones by relying on vague just-so stories. But these stories are starved
of specifics on how these wonders of nanotechnology could have evolved

one plausible mutational step at a time.

Consider, for example, the following proposal by Moran, who wrote
an essay on chaperones entitled “Protein Folding, Chaperones, and IDi-
ots.” (The last word in the title is a slur aimed at advocates of intelligent

design.)

In the beginning, you didn't need chaperones because every pro-
tein folded rapidly on its own. Some of these primitive proteins might
have been a bit slow to fold so the evolution of the first chaperones was

advantageous because it enhanced the rate of folding for these proteins.
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The chaperones weren't absolutely necessary for survival but they con-
ferred a selective advantage on those cells that had them.

Once chaperones were present, new proteins could evolve that
would otherwise have been too slow to fold in the absence of chap-
erones. Over time, cells accumulated more and more of these slowly
folding proteins so that today no cell can survive without chaperones.'®

Moran’s explanation for chaperones slips into obvious biochemical
errors, Many essential functions oflife, functions that all life forms have,
require chaperone-assisted folding proteins. Recent findings have only
broadened the essential roles of chaperone biology. “There have been a
number of recent discoveries,” R. A. Quinlan and R. J. Ellis report, “that
extend this relatively neglected aspect of chaperone biology to include
proteostasis, maintenance of the cellular redox potential, genome sta-
bility, transcriptional regulation, and cytoskeletal dynamics.”? These
processes are central to life. As Quinlan and Ellis put it, “Chaperones
stand at the crossroads of life and death because they mediate essential

functions, not only during the bad times, but also in the good times.”*°

The odds are therefore vanishingly small that life could have existed
with only self-folding proteins. These proteins would have been too few,
and life has been found to require hundreds of proteins expressed by at
least 250 essential genes—1,000 or more if we realistically consider a
fully independent form of life.! The probability of hundreds of essential
proteins all folding into the correct shape at proper speed on their own
without mistakes beggars rational belief. Toxic clumps of useless, mis-

folded proteins are astronomically easier to form than functional ones.

Further, even if functional proteins could form by some stroke of
extraordinary good luck, it would take too long, and the various protein
types needed for a viable single-celled life form would have no mean-
ingful chance of finding each other in the same place and thus able to
assemble into a functioning whole. Each of the miracle proteins would
die a quick, lonely death before it found the other proteins. Without

chaperones, no viable cells.
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Moran’s explanation is an instance of what I refer to as the “why-
with-no-how” evolutionary fallacy. It's easy to explain the advantage
(“why”) of a feature; the “how,” with the corresponding mechanisms
and detailed evolutionary pathway at the molecular level, is largely or
wholly ignored. Such “explanations” fail to consider the immense risk
and difficulties of such an evolutionary leap. For Moran, the appearance
of chaperones is justified simply by the advantage it would confer. But
by offering no reasonable evolutionary pathway, he fails to explain how,

biochemically, such a feature could have evolved.

Flagellar Filament Caps

Lisk 15 full of problems that must be solved, and the way they are solved
is amazing, There are so many molecular marvels that should give us
pause. Take for example a problem that the lowly bacterium must
solve—getting to its next meal. For the bacterium E. coli, and many oth-

er bacteria, the solution has been to build flagella.

The bacterial flagellum motor (Figure 4.4) was brought to popular
attention by biochemist Michael Behe, who presented this spectacular
nanomachine as a challenge to the modern theory of evolution. What-
ever your views on that interpretation, one thing is beyond controversy:

The bacterial flagellum is a nanoengineering wonder of the first rank.

Bacterial
Flagellum

Figure 4.4. Details of the flagellum motor, arguably the most spectacular
engine on Earth.
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Engaged Neutral

Clutch

Proteins that
Disengage Clutch

Figure 4.5. The amazing clutch system on the flagellum motor.

The flagellum motor is composed of forty to fifty protein complexes,
which require millions of atoms in each. All these many millions of atoms
are perfectly arranged to make the flagellum motor and tail. Thousands
upon thousands of ingeniously and sequentially arranged amino acids in
the alpha-L amino acid chains of these proteins experience perfect nano-
metric equilibria of inter- and intramolecular forces to fold propetly and
fit together in a synchronized fashion. These nanomolecular pieces, with
perfect 3-D structures, function and look like rotors, shafts, stators, O-

rings, junctions, a propeller, and even a clutch.

We have heard elsewhere about the intricacies of the motor’s parts
and function; there is also more to the story about the genetic control
of its assembly than we have time to tell here. However, one detail of
the flagellar structure stands out: the perfect intertwining of four pro-
tein wires that make up its filament (Figure 4.6). The flagellar filament,
which acts as a propeller, may be ten times longer than the cell itself. It
is a well-ordered, long, helical screw-like assembly with a hollow tube
about twenty nanometers in diameter. It is made of a flagellin protein
arranged in individual helical threads, which wrap around one another,

like the threads in a rope, to form a braid.
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Opverall, this filament displays a relatively inflexible helical shape,
like a stretched-out corkscrew that propels the bacterium straight for-
ward when it rotates. As Koji Yonekura, Saori Maki-Yonekura, and
Keiichi Namba note, the tubular structures comprise “eleven protofila-
ments, which are nearly longitudinal helical arrays of subunits.”** And
that just scratches the surface of the sophistication involved. How was

such a thing ever assembled in the first place?

Setting aside the question of its origin in the past, it's daunting
enough to understand how this marvelous swimming machine assem-
bles itself here in the present. Wire strands left on their own become a
tangled mess, like earbuds at the bottom of a backpack. To prevent this
mess, the flagellum has a 3-D cap, a spectacular nanomolecular template
(Figure 4.6). This perfectly-molded nanomolecular guide, with “its pen-
tagon-shaped plate and its carefully crafted leg-like extensions,” as one
writer described it, functions “as a rotary promoter for self-assembly of
flagellin monomers,”” perfectly guiding the synchronized sliding of the

wires through it.

This capping protein, when at work, sits atop the hollow flagellar
filament and guides assembly using five leg domains, which point down
and fit into cavities situated at the distal tip of the emerging filament.**

This interlacing makes the final tail strong, resistant, and perfect. But

Flagellum

Figure 4.6. The intricate and carefully designed cap that guides the long,
helical screw-like assembly of flagellin protein wires, making them wrap
around one another to form the braid-like flagellar filament.
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how does this perfect wire grow? At the base of the flagellum, a type III
secretory system pumps flagellin monomers (the nanomolecular wires)
through the interior of the tail, in formation. Each flagellum strand al-
ready installed pushes the new wire into the protein molecular mold,

twisting it to perfection as the tail grows.

Many bacteria must move to find food. For them, a flagellum is nec-
essary for survival. Developing a flagellum is no small matter. In Dar-
win’s Black Box, Michael Behe argued that it could not have evolved one
random mutation at a time because there is no viable evolutionary path-
way. The thing, as he put it, is irreducibly complex. Evolutionists have
argued?® that the irreducibly complex flagellum motor could have arisen
stepwise, and they have invoked various non-design, Darwinian expla-

nations, but their proposed scenarios are universally starved of detail.

But the capping protein may be the bigger challenge for those com-
mitted to blind evolution, since it only seems to serve a single purpose
within the cell and is useless without the flagellin monomers it helps
assemble. And without such a cap to guide assembly, the flagellin mono-

mers are of no use either.?® So which evolved first?

The most famous of the evolutionary proposals is the cooption mod-
el, which assumes the use of parts already available from other systems,
such as the type III secretory system. Biologist Kenneth Miller writes,
“The point, which science has long understood, is that bits and pieces of
supposedly irreducibly complex machines may have different—but still
useful—functions... Evolution produces complex biochemical machines
by copying, modifying, and combining proteins previously used for oth-

er functions.””

But this “explanation” contains zero chemistry with a heaping dose
of rhetoric and morphological analogies. Miller’s cooption argument is
flawed because the whole flagellum (especially a piece such as the cap)
requires foresight. The only way to save such an argument would be to
count on the help of some kind of Darwinian MacGyver to perform the

insane nanomolecular super-tasks of “copying, modifying, and combin-
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ing” all the molecular parts, and doing so with the extreme precision the

flagellum demands.

Although Miller’s argument gained some traction eatly on, it is now
recognized that, even on the assumption that modern evolutionary the-
ory is true, type III secretory systems are recent innovations, probably
derived from more complex flagella, and not flagellar progenitors. With
regard to the evolution of the flagellum, one of its leading investigators,
Shin-Ichi Aizawa, is worth quoting. “Since the flagellum is so well de-
signed and beautifully constructed by an ordered assembly pathway,
even I, who am not a creationist, get an awe-inspiring feeling from its ‘di-
vine’ beauty,” Aizawa writes. “However, if the flagellum has evolved from
a primitive form, where are the remnants of its ancestor? Why don't we
see any simpler forms of flagella than what they are today? How was it

possible that the flagella have evolved without leaving traces in history?”**

Molecular machines have always fascinated me. And the more I
study them, the more amazed I am at the intricate solutions these tiny
mechanisms represent. The more, too, I am convinced that such solu-
tions show that crucial problems were recognized ahead of time and
solved. This act of anticipation—foresight—is not a characteristic of

blind material processes. It is an act of intelligence, of a mind.
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5. BACTERIA, BUGS, AND

CARNIVOROUS PLANTS

So FAR, WE HAVE LOOKED AT EXAMPLES OF FORESIGHT IN THE TINI-
est life forms on Earth: cells and the unimaginably small molecular
machines that keep them running. But beautiful examples of planning
are not limited to cells. They exist in all forms oflife, from the smallest to
the largest. In this chapter, we will look at how some of Earth’s smallest
creatures, and some of its more unusual plants, have features that antici-

pate problems and solve them in many ingenious ways.

Microbes: Another Chicken-and-Egg Paradox

PLaNET EARTH is magnificently equipped to host life. But the phenome-
non of life itself creates life-threatening problems. For example, the nitro-
gen molecule N, or N=N, is the perfect “inert” gas for our atmosphere.
But we also need nitrogen available in a more reactive form, atomic Ni-
trogen (N), to make amino acids (general formula RCHNH,COOH)
and proteins. So how can N=N, a very stable molecule connected by a
triple bond, be converted into atomic N? How can it be preserved in use-
ful chemical forms? And how can N, be replenished? The supply of N,
would eventually run out as living things constantly consumed it. A way

of restoring N, was therefore needed.
The solution? Microbes.

Microbes are co-inhabitants on our planet and play a crucial role in
maintaining life on Earth. In the oceans, plankton maintain the carbon
cycle and single-celled algae called diatoms provide a fifth of our atmo-
sphere’s oxygen (O,). On land and in the oceans, microbes break apart

N, and fix it into such compounds as ammonia (NH,).! Other bacteria
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take NH, and convert it back to N, in what is called the nitrogen cycle.

The tiniest creatures on Earth maintain its habitability for all of us.

Free oxygen (O,) and carbon (C) are also essential for the habitabil-
ity of Earth, and they too have refreshment cycles that rely on microbes
as well as plants. Much of the free O, on Earth is produced by photo-
synthesis in autotrophic microbes. (Autotrophs make energy-containing
organic molecules from inorganic molecules; heterotrophs make use
of food that comes from other organisms.) Autotrophic microbes have
the know-how to “fix” nitrogen by dismantling the triple bonds of at-
mospheric N, into NH, and other useful compounds. These microbial
workhorses also maintain the balance of many other essential atmo-
spheric elements. Without that balance, complex life could not exist. No

microbes, no other life.

Anammox and Its Rocket Chemistry

BACTERIA ARE often seen as rudimentary forms of life. But one look at
their molecular structure is enough to convince us otherwise. Bacteria
are extremely sophisticated, fully equipped with many exquisite molecu-

lar machines.

One very strange group of bacteria discovered in the early 1990s,
called anammox,? provides a great example of the high-tech characteris-
tics of bacteria. According to Laura van Niftrik and Mike Jetten, anam-
mox bacteria are found in a wide variety of environments, including low-
oxygen marine zones, treatment plant wastewater, coastal sediments,
and lakes.? It turns out that these bacteria are crucial to life on Earth: It
is estimated they contribute up to fifty percent of N, production from

marine environments,* resulting in the removal of fixed nitrogen.

When discovered, anammox bacteria caused a real scientific stir.
They are major players in Earth’s biogeochemical nitrogen cycle, and
scientists wondered how such simple bacteria could perform a reac-
tion previously considered impossible.” Anammox converts NH, and

NO, into N, under anaerobic conditions, that is, in the absence of 0,
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That is where it got its name: ANaerobic AMMonium OXidation.®
Van Niftrick and Jetten note that “Anammox bacteria do not conform
to the typical characteristics of bacteria but instead share features with
all three domains of life, Bacteria, Archaea, and Eukarya, making them
extremely interesting from an evolutionary perspective.”” I would go fur-
ther and say that the existence of these crucial and unusual bacteria is

in fact extremely difficult to explain from an evolutionary perspective.

How does an anammox bacterium fulfill its indispensable mission
of replenishing nitrogen? It uses rocket science and some highly sophis-

ticated organic synthesis skills.

The bacterium has an internal organelle covered by a double-layer
membrane, not at all peculiar in prokaryotic cells. The greatest surprise
was what was inside the organelle. Inside, scientists found hydrazine,
which has a variety of uses, including for rocket fuel!® Anammox some-
how makes, stores, and uses a highly toxic, corrosive, and explosive lig-
uid.

Can you imagine a creature evolving one step at a time to store this
stuff inside itself? Imagine trying to synthesize pure hydrazine by trial
and error inside a bacterium. It wouldn't take long to kill it! How would
a bacterium evolve a hydrazine synthesis protocol without all the ma-
chinery to safely hold and use hydrazine? Is it plausible that a bacte-
rium gained the ability to use pure, toxic, and explosive hydrazine by a
step-by-step process that has no way to predict the future advantages of
the poison? Why would a proto-anammox bacterium, which had previ-
ously not used hydrazine, and survived just fine without it, risk its life to
evolve the ability to produce and store hydrazine, before it would do it
any good?

Another surprise is that anammox bacteria store hydrazine in inter-
nal compartments called anammoxosomes.” Obviously, anammox bacte-
ria must handle this explosive molecule with the greatest care. Chemical
and microscopic analysis of the anammoxosome double-layer membrane,

which encloses the hydrazine, revealed another surprise: The membrane
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consists of unique and bizarre lipids made from “ladderanes.”" These are
highly sophisticated chemical structures that many synthetic chemists

would not even attempt to make.

A typical ladderane is pentacycloanammoxic acid, which is com-
posed of five fused rings of cyclobutane. It resembles a ladder and con-
tains concatenated square ring structures formed by fused four-carbon
rings. Concatenated four-membered rings are one of the hardest to make
because kinetics and thermodynamics work against them. But anam-
mox bacteria seem to have skipped organic synthesis classes and gone

ahead and built them anyway.

But why go to all the effort? It appears that anammox bacteria did it
only to use hydrazine as an agent to convert NH, and NO, into N, in
the absence of O,. So why would a bacterium synthesize N, an almost
inert gas that is practically useless for life as such? Anammox bacteria
live all over the world. They are abundant in the oceans. They undertake
this nearly impossible task simply to produce N,. But because of this
“charity effort,” they regulate the N, cycle and maintain the O /N, ratio
of the Earth’s atmosphere.!! This little nanomolecular machine keeps
the N, at the balance needed for all life forms on our planet to survive.
In essence, this little microbe uses rocket science'? to make life on earth

possible, and sustainable.

And we're only beginning to understand this extraordinary bacte-
rium. The enzymatic mechanism that makes hydrazine must also be in-
credible. As described by Andreas Dietl and his colleagues, “The crystal
structure implies a two-step mechanism for hydrazine synthesis: a three-
electron reduction of nitric oxide to hydroxylamine at the active site of
the y-subunit and its subsequent condensation with ammonia.” The au-
thors of the Nature paper go on to note a striking parallel: “Interestingly,
the proposed scheme is analogous to the Raschig process used in indus-

trial hydrazine synthesis.””

So, again we find that another of our carefully planned inventions is

only following in nature’s footsteps. The N, gas that pairs with O, in our
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atmosphere and is essential for life on Earth is, as another article puts
it, “a byproduct of an exquisitely designed, precision nanomachine that

knows a lot about organic redox chemistry and safe handling of rocket

fuel.”

The world of microbes proves more sophisticated with every discov-
ery, manifesting more and more “surprises’—that is, evidence of fore-
sight. Recently, we discovered another microbial wonder: the enigmatic
comammox,”” or “complete ammonia oxidizer.” This bacterium can be
found almost everywhere and does an even more spectacular job than
anammox. Comammox perform complete nitrification on their own,
a milestone of microbiology. Two different classes of nitrifier microbes
have long been known to cooperate in carrying out the nitrification pro-
cess where NH, is oxidized to NO,, which is subsequently oxidized to
NO,". But the comammox doesn't share labor in nitrification. It cata-
lyzes both nitrification steps, doing complete ammonia oxidation and

thus conserving energy.

Itis difficult to escape the implications of all this: The need to sustain
an atmosphere suited to life had to be anticipated from the start. And an
array of microbes, equipped with a sophisticated arsenal of chemicals

and capacities, had to be provided to meet that need.

Issus: The Inventor of Gears?

For FLIGHTLESS insects, the ability to jump high, fast, and with great
precision is essential for their survival. To avoid being eaten, a flightless
insect must be able to jump from the time it is born. It should come as
no surprise, therefore, that small insects are among the best jumpers on

this planet.

But light insects with small bodies taking large leaps pose a big en-
gineering problem. To make matters more difhicult, insects have pairs of
legs, so the leaping action must be perfectly coordinated, the legs push-
ing forward more or less simultaneously. There’s not much room for trial

and error.
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Figure 5.1. Nymphalid planthoppers, flea-sized insects in the genus Is-
sus, use exquisitely engineered gears to synchronize the catapultlike
movement of their legs for precision jumping,

How do these creatures manage it? What follows is one particularly

extraordinary strategy.

In 2013, two biologists at the University of Cambridge, Malcolm
Burrows and Gregory Sutton, were studying a tiny insect, a nymphalid
planthopper in the genus Issus (Figure 5.1), a creature found throughout
Europe and North Africa. What they discovered sounds like something
off the pages of Popular Mechanics’ What's New section. This tiny insect
jumps using interlocking gears on its hindleg trochanters, which connect

the legs to the insect equivalent of a hip.'®

Using this miniaturized technology, these tiny insects, barely larger
than a flea, move their legs in near-perfect coordination. Because both
legs swing laterally, if one were extended a split second before the other,
the insect would end up in a spin and become easy food. But the gears are

so finely engineered that the creatures can jump fast, far, and straight.

Their cuticular mechanical gears intermesh and rotate with great
precision, coordinating the legs. Each gear rotates within thirty mil-
lionths of a second of the other at more than 33,000 RPM (revolutions

per minute). The highest-revving production sports car engines only

reach around 10,000 RPM.



5. Bacteria, Bugs, and Carnivorous Plants / 89

The gears also synchronously cock the legs before triggering forward
jumps, using asymmetric (better than symmetric) teeth. Burrows and
Sutton explained that “close registration between the gears ensured that
both hindlegs moved at the same angular velocities to propel the insect’s
body without yaw rotation (twisting about a vertical axis)."” Infant Issus
can jump one hundred times their length and at speeds as high as 3.9

meters per second.

But the risk of breaking such a tiny high-speed device is high. To off-
set this risk, the gears are constantly replaced by new ones in the juvenile
insect. As Burrows and Sutton suggested, the juvenile Issus repeatedly
develop new gears as they grow so that if the gear is damaged, they just
have to survive for a short period until a new, undamaged pair has ar-

rived.

For the heavier adult, the gears are changed out for a more robust
device suitable to the adult’s larger size—a high-performance friction-

based mechanism. This too suggests foresight.

At present it appears that the juvenile nymphalid planthopper Is-
sus is the only creature that uses interlocking toothed mechanical gears
to perfectly synchronize its limbs for long-distance jumps. Until this
discovery, gears had never before been found to allow ballistic jumping
movements. If evolution somehow created this engineering marvel, it

seems to have done it as a one-off.

In discussing the most likely origin for the Issus gears, Sutton cor-
rectly considered the two scientifically possible options, but then se-
lected the wrong one—the one that lacks the demonstrated capacity for
engineering such marvels. He wrote, “These gears are not designed; they
are evolved—representing high speed and precision machinery evolved
for synchronization in the animal world.”® As is usual with such claims,
it is not followed by an account of how this gear-based jumping system
might have evolved one small functional step at a time, a pathway es-

sential if some form of blind Darwinian evolution produced it. But no
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matter; we apparently are expected to embrace that scenario as settled
dogma anyway.

Instead, let's reason through the claim. Suppose, for the sake of ar-
gument, that Issus had existed and was able to live long enough to es-
cape extinction without the juvenile gear or an adult friction mechanism.
Why would it risk evolving two new, distinct jumping mechanisms? Be-
cause evolution works in small steps, it must make an imperfect gear or
friction system first. Suppose it switched things and gave the gears to the
adult and the friction mechanism to the juvenile? The poor mutant Issus

would test out this new function, only to find out it failed to work.

And even if evolution selected the right age for each function, infant
Issus would discover that the new gear material was too soft, or the num-
ber and spacing of the teeth were off, or the push was too much to the
right or to the left, causing the creature to spin out of control and crash.
There are numerous things that could go wrong, An imperfect gear sys-

tem, in this case, is no good at all.

And which came first? Gears for the juvenile, or the friction system
better suited for the adult Issus? It would need both, since the creature
would always need to be able to jump to survive, as a juvenile and as an
adult. Plan and deliver an exquisitely engineered pair of jumping systems
from the start—one for the juvenile and one for the adult—or adios, lit-

tle insect.

Unquestionably, the Issus gears are an example of high technology.
One final piece of evidence to drive home the point: The risk for such
high-tech and demanding 33,000+ RPM gears is great: If any tooth is
damaged, the effectiveness of the designed gear is lost. To minimize the
risk, the eighty-millionths-of-a-meter-wide teeth are equipped with fil-
leted curves at the base. Humans eventually invented similar techniques

to get more torque and reduce wear over time, but nature got there first.

Functional gears of any kind are ingeniously crafted devices. They

come in many forms and are used for many purposes. They are a key-
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stone of modern technology, present in many types of machinery, cars,
and bicycles. As far as human history goes, it seems that no one knows
for sure who invented mechanical gears, but we do know the Greeks
used them in the world’s earliest known analogical computer, the An-
tikythera mechanism, which is now thought to have been used to chart
the movements of the sun, the moon, and the planets visible to the na-
ked eye.” When in 1900 Greek sponge divers found this ancient mecha-
nism—the most advanced technological mechanism as yet discovered
from antiquity—and they saw the gears, they immediately recognized
it as the product of an intelligent mind. If no other type of cause has the
demonstrated capacity to generate such marvels, why should we respond
differently when we find exquisitely crafted gears attached to the legs of
a jumping insect, particularly when the imaginative stories of the blind

evolution of such natural wonders go begging for credible detail?

Tyson Packs a Punch

In 1998, Tyson astonished the world by smashing a hole in the wall im-
prisoning him in England, using just his bare hands.?® Tyson was soon
all over the news. But no, we're not talking about heavy-weight boxer
Mike Tyson. This Tyson is a tiny ocean creature that smashed the quar-
ter-inch-thick glass of its tank at England’s Great Yarmouth Sea Life
Centre. Pound for pound, this Tyson is unbeatable when it comes to

throwing the fastest and most powerful punches.

Tyson was a peacock mantis shrimp (Odontodactylus scyllarus). This
species uses appendages modified into clubs to generate an extremely
fast strike to smash shells.** Such powerful punches require both energy
storage and a release system, in the form of a saddle-shaped exoskeletal

spring mechanism.

Scientists have studied the strikes using high-speed imaging equip-
ment. They found that Mantis shrimp deliver one of the fastest under-
water punches on Earth, reaching a top speed of fifty miles per hour
in less than 800 microseconds, and generating a force reaching close to

2,500 times the animal’s body weight.?* The strikes are so fast and so
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powerful that they produce small flashes of light by lowering the sur-
rounding water pressure so much that it boils. Small bubbles collapse
when the water pressure normalizes, unleashing an enormous quantity
of energy by cavitation. “The club reaches its target in just three thou-
sandths of a second,” writes Ed Yong, “and strikes with the force of a rifle
bullet.””® And it manages this not in the air but underwater, that is, while

working against the substantial drag imposed by water.

It's an elegant, state-of-the-art technology. As Dr. Sheila Patek, co-
author of a paper** on the shrimp, told BBC, “Much like an archer, the
mantis shrimp stores up elastic energy in advance of the strike and re-

leases it with a latch.”* (Figure 5.2)

Yong elaborates. “Once the arm is cocked, a ratchet locks it firmly in
place,” he writes. “The large muscles in the upper arm then contract and

build up energy. When the latch is released, all this energy is released at

once and the lower arm is launched forwards.”?®

Patek, T. I. Zack, and T. Claverie further note, “The remarkable

shapes and mineralization patterns that characterize the mantis shrimp’s

Energy Storage

Flexor

Dactyl

Raptorial Appendage ~ Propus

Figure 5.2. The mantis shrimp’s club-like appendage system works like
a crossbow, delivering one of the most powerful punches on Earth. In
proportion to its body size, it beats former heavyweight champion boxer
Mike Tyson by an order of magnitude.
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raptorial appendage further reveal a highly integrated mechanical power

amplification system based on exoskeletal elastic energy storage.””’

A key feature of this powerful jab is is a tiny structure in the arm
that is reminiscent of a saddle, which is also compressed during cocking
and functions like a spring, storing additional energy. When the latch
releases, the saddle-like structure expands and provides additional push
for the club, accelerating it at upwards of 10,000 g-forces,”® powerful
enough to shatter the glass of a shrimp tank. The design is similar to one

used by human engineers.

But how can the mantis shrimp deliver punches so quickly and pow-
erfully without injuring itself? The shrimp comes equipped with its own

high-tech boxing glove.

We have only recently uncovered this engineering marvel.”” The
frontal impact region of the club is very thick and made of a bone-like
material: hydroxyapatite crystals. Angled perpendiculatly to the surface,
each crystal forms a column that provides high compressive strength and
can take up to four billion pascals of pressure. (Air pressure at sea level
is about 100,000 pascals.) How does that structure compare to human
technology? Forged at extremely high temperatures of over 2,700°F, hu-
man-made analogues such as ceramics can take only two or three billion

pascals of pressure.

Next to the impact region are protein fibers ingeniously designed
in stacked layers. “In each one, the fibers are all parallel, but each layer
is rotated slightly from the one underneath it to produce a helical struc-
ture,” Yong writes. “Finally, the space between the fibers is filled with
haphazardly arranged minerals,” preventing any cracks from spreading
through the club. The mantis shrimp’s club is further wrapped in chitin
fibers, compressing the entire structure to slow the spread of cracks, “like

a boxer who places tape around their fists,” as described by Dr. David

Kisalius.>®
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Evolutionary theory claims that mantis shrimp evolved all these
features to fill special needs posed by their environment. National Geo-
graphic science writer Ed Yong explains: “Some scientists think that the
mantis shrimps’ belligerent nature evolved because the rock crevices they
inhabit are fiercely contested. This competition has also made these ani-
mals smarter than the average shrimp. They are the only invertebrates
that can recognize other individuals of their species and can remember
the outcome of a fight against a rival for up to a month.”*" All that is to
say, if punching hard and being smart in a tough neighborhood comes in
handy, evolution will come to the rescue with power punches and an IQ
boost. It’s a nice story but fails to explain how the tiny shrimp actually
developed all this technology and know-how by unguided trial and error,
one small functional mutation at a time. All the pieces of the punching
mechanism had to be in place for it to work, so it's reasonable to doubt

that such an evolutionary pathway is really possible.

Carnivorous Plants

Carntvorous pLaNTs (Figure 5.3) are intriguing, bizarre, and hard
not to love at first sight. These plants use an arsenal of masterfully en-
gineered moving traps, chemical and electrical sensors, and digestive
chemicals to kill and consume spiders, insects, protozoans, crustaceans,
lizards, mice, rats, and various other small invertebrates and vertebrates.
Each of these carnivorous plants manages all this using lures and a trap
device, along with a mechanism and an arsenal of chemicals to facilitate

full digestion of the prey.’”

Figure 5.3. The carnivorous plant, the Venus flytrap, with its trap open,
closed, and during the digestion phase.
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As Aaron Ellison and Nicholas Gotelli note, Chatles Darwin pio-
neered the modern research of carnivorous plants with his 1875 work In-
sectivorous Plants. There Darwin applied his idea of homology (which
modern evolutionary biologists call “homoplasy”) to highlight what he
saw as evolutionary convergence across apparently unrelated taxa, and
he was the first to provide descriptions of the structures that eight genera

of plants use to entrap insects.”®

As Darwin reported, these plants are impressive not only for being
able to capture prey but also for employing specific enzymes to dissolve
the animal proteins and then absorb them. If no enzymes were there,
there would be no use for the trap at all. Although Darwin described all
this nearly 150 years ago, since then no work has shown how these amaz-
ing creatures could have evolved their intricate and highly synchronized

anatomical, electrical, and biochemical functions.

Carnivorous plants use highly specialized leaves that function as
mechanical traps. “Many traps lure prey with bright colors, extra-floral
nectaries, guide hairs, and/or leaf extensions,” writes John Brittnacher.
“Once caught and killed, the prey is digested by the plant and/or partner
organisms. The plant then absorbs the nutrients made available from
the corpse. Most carnivorous plants will grow without consuming prey
but they grow much faster and reproduce much better with nutrients

derived from their prey.”*

The Venus flytrap, Dionaea muscipula, is the most famous carniv-
orous plant.”® In its wild habitat in the southeastern United States, it
mostly eats flies, but it will consume anything living that fits in the trap.
As Rainer Hedrich and Erwin Neher explain, the plant employs highly
sensitive mechanoreceptors, and “upon contact with prey an action po-
tential is triggered which, via an electrical network—comparable to the

nervous system of vertebrates—rapidly closes its bivalved trap.”*® (Figure

5.4)7

The trap snaps shut automatically, but then the plant follows a care-

fully orchestrated sequence of gene activation to tightly close the trap,
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Figure 5.4. An amazing cycle of events occurs when the Venus flytrap
opens its bivalved trap. It detects its prey through electrical chemosen-
sors, captures it by quickly closing the trap, digests the prey using selec-
tive enzymes, and drinks the juice before reopening the trap.
digest the prey, and absorb the nutrients. This whole sequence of events
must happen in perfect synchrony. The plant makes step-by-step deci-

sions about activation by counting the stimuli on its sensory organs.

Evolutionary scientists have not dared to propose that the Venus
flytrap evolved these animal-like skills by taking genes from its prey, a
nearly impossible feat since the prey is fully digested for food. Rather,
they have suggested the plant modified and rearranged gene functions
that all plants share. But this too lies well beyond the reach of a blind

process that cannot predict future needs.

Carnivory is found in the animal kingdom and makes the most
sense there. That's why it’s so intriguing to find this behavior in the green
branch of the tree of life, especially considering that most plants seem
to thrive using just photosynthesis. If carnivory evolved here to provide
more nutrients, why would natural selection reward the plants—appar-
ently able to benefit from more nutrients—for expending some of the
precious nutrients they already had to evolve a not-yet-useful new nutri-
ent supply tool, and reward these supposedly evolving plants for their

seemingly far-sighted efforts over countless generations stretching over
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long ages? That is, if the nutrition from the carnivorous action was just a
non-essential bonus for the flower, then why would nature select for all
the many intermediate steps of this complex bonus system during which
the system offered no benefit—neither nutrition nor protection—and

likely exacted a nutrient and energy cost at the risk of survival?

If it first evolved for protection and then later evolved to provide
additional nutrients, we have the same problem: Why expend all the
energy on the way to a functional protection system, before the protec-
tion system was at all functional? Natural selection does not look ahead
to future payoff, remember. It’s all about “What have you done for me

lately?”

This challenge for Darwinism is only exacerbated by the fact that,
if indeed they did evolve carnivory, these plants had to do so “indepen-
dently at least six times in five angiosperm orders,” as Ellison and Gotelli

explain®

Maybe one could grant the evolutionary miracle a single time, but

six times?

Other plants, such as Darlingtonia and some Nepenthes species, are
believed to have lost the ability to digest prey themselves. Perhaps the
digestive system worked fine, but then the plant found itself in an envi-
ronment rich enough in bacteria and other organisms that one of these
plants born with a defective, poorly functioning digestive system could
manage just fine. In such situations, the plant could rely on the bacteria
and other organisms now in its environment to digest the nutrients from

the prey it captured.

On its website, the International Carnivorous Plant Society ex-
plains this in the following way: “To put it unscientifically, why should
a plant go through all the bother of digesting the prey itself when other
organisms will do it for them? Or scientifically, if there is no selective
advantage to expending the energy for digestion, mutations will accu-

mulate eliminating digestion.”



98 / Foresigar /

Maybe so, but that is devolution—breaking an existing system. And
as anyone who has had children knows, any two-year-old can manage
that. Darwinism needs to explain the evolution of new systems, new en-

gineering marvels, not the devolution of existing ones.*

Someone might complain that one just needs a bit of imagination
to embrace the possibility that such plants evolved. But truly imagining
a viable evolutionary pathway means describing a series of viable steps
from beginning to completed trap and digestive system. Believing some-
thing happened isn't the same as imagining how it happened. Nobody

has come remotely close to doing the latter, and not for lack of trying.

Are we allowed to imagine, to consider, other possible causes—
causes with the demonstrated ability to assemble novel engineering mar-
vels? Let's go ahead and consider another possibility, whether or not we
have permission: The construction of the system required foresight of
what would end up inside the trap in order to synchronize construction
of an appropriate digestive system. It required foresight of a function-
ing digestive system to bother constructing the sophisticated trap. And

foresight was required to construct each of the two systems individually.

A Power Unique

IT’s EASY to write off some living things as simple and primitive. But once
you zoom in, using powerful microscopes and biochemistry, you find
that even minuscule aspects of life are intricate beyond imagining. The
microscope opens a whole wotld of complex, awe-inspiring structures
that ingeniously solve what would otherwise be dead-end problems. And
as we move up the size scale to things like the nymphalid planthopper,
the Tyson shrimp, and carnivorous plants, we encounter many more of

these clever solutions.

We have only touched on the tiniest sampling of such solutions in
the examples explored in this chapter. We've dipped a toe in an ocean of
ingenuity, if you will—ingenuity that in our universal experience is wed-

ded to a power unique to intelligent agents—foresight.



6. BIRDS: A CASE STUDY

IN FORESIGHT

THE LIVING WORLD MANIFESTS NUMEROUS ENGINEERING SOLU-
tions combined with ingenious chemistry far beyond the reach of
unguided evolutionary mechanisms. A particularly striking example:
birds. There are many aspects of bird biochemistry and architecture we
could focus on suggestive of foresight, planning, and marvelous ingenu-
ity. Here we will focus on just two aspects: bird navigation and bird re-

production.

Birds’ GPS System

MIGRATING BIRDs have out-of-this-world capabilities. Some birds, such
as the common swift (Apus apus, Figure 6.1), have been reported to fly
for ten months, during which they rarely and only briefly land while mi-
grating from Europe to Africa and back again.! But perhaps even more
impressive: They fly over long distances and diverse and changing land-

scapes without getting lost. It’s as though they have a built-in GPS.

A human GPS (global positioning system) relies on the ingenuity
of a mind and radio signals from artificial satellites orbiting the Earth.
By integrating the signals from several satellites, a GPS can pinpoint its
location on the Earth, sometimes within a few inches. Scientists have
known for decades that birds have a GPS based on a more elegant prin-
ciple: They sense the Earth’s magnetic field.” The phenomenon is called

magnetoreception.

Migratory birds navigate using this magnetic compass, but even
non-migrating birds have this sense and navigate using their internal

magnetic compass. It was once proposed that iron in birds” beaks pro-



100 / Foresiur /

Figure 6.1. The common swift (Apus apus) flies for months on its jour-
ney from Europe to Africa without getting lost. Part of its secret may be
a cryptochrome molecule known as Cry4, so advanced it may harness
quantum entanglement.

vided them with, in effect, a magnetic compass. It now appears that the
sensor system is far more sophisticated: Special molecules in their eyes
enable birds to see lines of the Earth’s magnetic field (Figure 6.2) and use

them as navigational guides.

The special molecules are highly sophisticated proteins called cryp-
tochromes. Most cryptochromes are light-sensitive and are involved in
the “circadian clock” that regulates the 24-hour metabolic and behavior-
al cycles in animals. But recent evidence suggests that one cryptochrome,

designated Cry4, is involved in magnetoreception in birds.?

How might Cry4 detect magnetic field lines? When energized by
light, Cry4 separates the electron from one of its electron pairs, forming
what is called a “radical pair.” (In vertebrates, cryptochromes are the only
molecules that do this.) In an atom or molecule, an “orbital” is a specific
quantum state that defines the energy, spin, and probable location of an
electron relative to the nucleus. Normally, each orbital contains a pair
of electrons with opposite spins and oppositely directed magnetic fields.

A radical is formed when a chemical species bears one unpaired elec-
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Figure 6.2. The common swift can in some cases fly for months at a time
without landing, and navigates by seeing the lines of Earth’s magnetic
field, apparently by using the state-of-the-art Cry4 protein molecule in
its eyes. Also impressive, it can fly and navigate while asleep.

tron, and a radical pair is formed when it has two unpaired electrons that
are connected by what is known as quantum entanglement, one of the

strangest phenomena discovered by modern physics.

As Dr. David Kaiser has elegantly described it, “Entanglement
concerns the behavior of tiny particles, such as electrons, that have in-
teracted in the past and then moved apart. Tickle one particle here, by
measuring one of its properties—its position, momentum or ‘spin'—and
its partner should dance, instantaneously, no matter how far away the

second particle has traveled.”

It sounds like science fiction, doesn’t it? Albert Einstein, Boris Po-
dolsky, and Nathan Rosen deduced this phenomenon from the theory
of quantum mechanics, but they doubted it, concluding that the theory
must therefore be incomplete.’ But quantum entanglement was subse-
quently demonstrated experimentally. In 2013, a team of Chinese sci-
entists showed that the communication between two entangled objects

could not be less than 10,000 times the speed of light.®
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It has been known for decades that radical pairs are affected by
magnetic fields under laboratory conditions.” In 1996 chemists Brian
Brocklehurst and Keith Alan McLauchlan suggested that the same phe-
nomenon might occur in biological systems.® And in 2000 biophysicists
Thorsten Ritz, Salih Adem, and Klaus Schulten proposed that the phe-

nomenon might be the basis for magnetoreception in birds.’

When a radical pair forms in a light-activated Cry4 protein, the two
members of the pair are only a few billionths of a meter away from each
other. But even at this small molecular distance the two unpaired elec-
trons could be affected differently by the Earth’s magnetic field. Theo-
retically, many such entangled pairs could produce a picture in the bird’s

eye that enables it to navigate.

One problem for this proposal is that radical pairs connected by
quantum entanglement are very shortlived. In a laboratory, the best
molecule for maintaining quantum entanglement is a “Buckminster-
fullerene,” so named because it structurally resembles the geodesic
domes designed by Buckminster Fuller in the 1940s. These beautiful
carbon-based molecules are also called “buckyballs” or “fullerenes.”
Within a fullerene at room temperature, a radical pair in quantum en-

tanglement can be maintained for about eighty microseconds.

In 2011, a team of physicists used “quantum information theory and
the widely accepted ‘radical pair’ model to analyze recent experimental
observations of the avian compass.” The team concluded that quantum
entanglement in the bird’s eye lasts about one hundred microseconds,
“exceeding the durations achieved in the best comparable man-made

molecular systems.”°

Physicist Simon Benjamin, a member of the team, put this in per-
spective by comparing the Cry4 protein to a fullerene. “How can a living
system have evolved to protect a quantum state as well—no, better—
than we can do in the lab with these exotic molecules?” he asked. “The

bird, however it works, whatever it's got in there, it's somehow doing
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better than our specially designed, very beautiful molecule. That’s just

staggering,”!

If a bird navigates through the Earth’s magnetic field using radical
pairs and quantum entanglement, it's implausible to suppose that such
an amazing ability evolved one small, functional step at a time. The bird
would have needed not only the ingenious magnetically sensitive mol-
ecules as sensors, but also the channels to transmit signals from the sen-
sors to the right region of the brain. And the brain would have needed
the apparatus to properly interpret and respond to that specific informa-
tion. In order to provide a functional advantage, the entire “out of this
world” system had to be implemented all at once. It seems therefore, as
Fred Hoyle once concluded about our universe and life, that a “superin-
tellect,” capable of foresight, and of anticipating scientific discoveries, has

“monkeyed” with quantum physics, along with chemistry and biology.'*

Birds’ Eggs

MorecuLAR 0xYGEN (O,) is necessary for life nearly from the moment
of conception to convert nutrients into energy. No O, no life. A human
baby needs O, even before the lungs start to work. As the fertilized hu-
man egg grows inside the mother’s womb, the mother provides the baby

with enough O, through the umbilical cord.

A bird embryo, in contrast, does not develop in its mother’s womb. It
is totally separated from its mother and isolated inside a capsule: the egg.
From the outside, an egg looks more like a coffin than a cradle, enclosed
by a hard, sealed, calcium carbonate (CaCOs) shell. But an egg (Figure

6.3) is much more complex than it looks."

But eggs, of course, are not coffins; they are self-contained cradles,
full of weird and wonderful tricks to provide the chick with all it needs,
from mechanical protection to a finely tuned package of food (the yolk

and the egg white).

An egg is like a spaceship that contains all it needs, with one excep-

tion: Oz’ At first glance, death by suffocation would seem to be inevita-
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Figure 6.3. The biology of bird and reptile reproduction is unique, and
scientists have long wondered how the highly sophisticated egg in the
system originated.

ble. But the baby bird stays inside, maturing well, for weeks. How does it
get oxygen? And how does it expel the carbon dioxide (CO,) that results
from converting nutrients into energy? If too much CO, were to accu-
mulate inside, it would suffocate the baby animal. How does the chick
selectively and efficiently get O, in and CO, out? NPR has a short online
video on the subject that I highly recommend.'* Here we will summarize

much of what's described and depicted there.

Eggs have a hard yet water- and air-permeable shell, strong enough
to bear the weight of an incubating mother. The shell contains thousands
of tiny pores, each less than a thousandth of an inch across—too small
to be seen with the naked eye. A chicken egg, for instance, has more
than 7,000 tiny pores. These minuscule pores are perfectly calibrated to
maintain the integrity of the whole structure. They deter invaders while
allowing O, from fresh air to come in and waste CO, to get out. If the

pores were either too big or too small, birds would have gone extinct.
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But just having pores is not enough. Two remarkable selective mem-
branes are located directly under the chicken egg’s shell, which cooper-
ate in a highly synchronized fashion. When the female sits on eggs to
incubate her young, the eggs are usually warmer than the surrounding
air. As an egg cools down, its contents shrink slightly, pulling the two
inside membranes apart at the perfect moment. The shrinking sucks in

air from the atmosphere, forming a small sac containing mostly nitrogen

(N,) but also sufficient O,.

The baby bird then somehow “senses” that precious O, has entered
the egg. To reach it, the chick develops a delicate network of capillaries in
a precisely orchestrated genetic and metabolic process. These capillaries
are perfectly engineered to move O, into and CO, out of the bird’s blood.
This network grows out of the chick’s abdomen and presses up against
the membranes, making close contact with them. The two membranes
of the egg also allow selective permeation via proper exchange of O, and

CO,. It is a high-tech masterpiece of air treatment and control.

The egg pores are engineering masterpieces for another reason.
They allow water molecules to move in and out of the shell. The water
slowly evaporates, creating more empty space to fill with air. When the
baby is ready to hatch, it punctures the inflated air sac to take his first
breath while still inside the egg,

The egg tooth is yet another marvel of engineering, This tooth is a
small horn-like projection that begins developing on the upper beak on
the seventh day inside the egg. Hatching takes place twenty-one days
after the egg is laid. As the time for hatching nears, it becomes hard and
sharp so the chick can use it for breaking through the inner membrane
to reach the air cell located in the egg’s blunt end."” The air sac between
the shell and inner membrane has just the right amount of oxygen to al-
low the chick to begin employing its respiratory system for up to three
days before hatching, Using this air reservoir, the baby fills its lungs and
gets strong enough to punch holes through the hard egg shell.
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The chick’s claws and beak aren't yet strong enough to break through
the hard eggshell, so the egg tooth and the air sac are essential.'® With-
out the egg tooth and the air sac, the chick would die inside the egg.

The baby bird also needs something else to make the first crack in
the shell (called “pipping”). To break holes though the membranes and
the hard shell, a pipping muscle swells on the backside of the bird’s neck
to press the beak against the shell. Punching an initial hole through the
shell is so tiring that the chick rests for as much as eight hours after-
ward. Then, as Gail Damerow explains, the reinvigorated chick rotates
itself counterclockwise, chipping the shell with its egg tooth “thousands
of times, until it has broken the shell about three-quarters of the way

around, creating a shell cap at the blunt end of the egg”"”

This highly choreographed action of breaking an egg shell can take
up to five hours. The chick knows when it is done and pushes against
the shell cap with its head. After about forty minutes of labor, it finally
breaks the shell cap loose. The newborn bird is exhausted again, and

takes another rest. Finally, it gives one strong kick to escape the egg

shell 18

The egg tooth is essential for the escape. But notice too that the
chick’s mother hasn't had the chance to teach the chick how to do any of
this, and yet somehow it knows. (If it didn', it would die.) This know-
how also is part of what apparently must be foreseen and delivered in

advance.

The chicks of some bird species, such as megapodes, don't have an
egg tooth. Their egg shells are much softer, so they have no need to de-
velop the nutrient-demanding tooth. They hatch feet-first to kick their
way out, using sharp claws that have been ingeniously covered by jelly-
like caps to avoid injuries. These jelly-like caps, like the egg tooth, fall off
soon after the chick hatches.

There is an amazing synergy of action between the baby chick in-

side its egg and the mother outside. The mother hen “knows” she must
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incubate the egg for a few weeks, keeping it warm and turning it around
several times a day. After about seventeen days of incubation beneath
the mother hen, the chick starts to peep. Peeping signals the mother hen

that the chick is almost ready to leave the egg.

As soon as she hears the message, the hen begins to peck holes in
the rounded end of the shell. More air gets in, allowing the chick more
oxygen and thus strength for hatching, From this point on, the chick will
use its egg tooth to break the shell, ratcheting his body around in a very

coordinated process until it can break free.

Though this is the commonest way for chicks to hatch, in a few
species the chick splits the side of the egg and emerges through an un-
tidy hole. The required amount of pecking varies, and appears pre-pro-

grammed to match the hardness of the egg and endurance of the chick.

Thomas Wentworth Higginson, a nineteenth-century author, abo-
litionist, and women'’s rights activist, once declared, “I think that, if re-
quired on pain of death to name instantly the most perfect thing in the
universe, I should risk my fate on a bird’s egg,”"® Multiple levels of fore-
sight appear required to orchestrate such a perfect thing as an egg. As
with other cases, the suggested evolutionary scenarios explain the ben-
efit of having an egg and a chicken to provide it, but ignore the specifics
of how this most exquisite system could have originated one small, blind

step at a time over many generations.”

Which Came First?

THE AGE-oLD question is: Which came first, the chicken or the egg? It
takes a chicken to make an egg, but it takes an egg to make a chicken.
Without a chicken there would be no egg, but chickens that laid only
partly evolved, not-fully-functional eggs would go extinct in a single gen-
eration—bye-bye, birdy.

A fully functional egg must be planned in advance, with correctly
sized pores, inner membranes, and an expandable air sac. The chick

must be programmed to connect itself via a network of blood vessels to
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the membranes, and to make its air sac slowly expand so the chick can
exercise its new lungs before breaking the walls of its prison. The egg
must also be loaded with just enough food for the chick to mature. The
chick must have the strong and well-designed egg tooth and know how
to chip out of its shell. The chick and the hen also must coordinate their
behavior. If any of these intricate steps, behaviors, and structures were
overlooked, birds would not survive long enough for natural selection to
develop anything new. Birds and their eggs are, indeed, striking cases for

foresight and planning in nature.



7. FORESIGHT IN THE HUMAN

ForM: REPRODUCTION

OUR OWN BODIES ARE SO FULL OF SOLUTIONS WHICH ANTICIPATE
complex problems that it would be remiss of me not to explore some
of them in these pages. There are so many beautiful examples that I will

cover just a small sampling of them.

Egg and Sperm

THE GREAT miracle of conception begins with a mad dash. Between 100
million and 300 million sperm line up at the starting line (Figure 7.1).
The finish line lies in the distance, and the prize is participating in the
making of a new individual, a human baby. The winner is the first sperm

able to penetrate the egg membrane. Such races can start several times a
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Figure 7.1. In the center is the human female reproductive system, with
the vagina (lower part) filled with sperm. On the left is a sperm. Using
their mitochondrial generators and their propellers, millions of sperm
start the race, but only a single lucky one will find and penetrate the egg.
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Figure 7.2. The most sophisticated race car on Earth: the sperm.

month, but many finish with no prize since an egg is waiting at the finish

line only once a month.

The sperm is well equipped for the race with a long tail (called a
flagellum, though it is very different from the bacterial flagellum) to pro-
pel it forward, several dozen mitochondrial power generators, billions
of bytes of information to pass on, an “egg detector” to guide it, and a

cocktail of enzymes to open its door to final victory.

Sperm constitute only a few percent of the volume of the seminal
fluid, or semen, normally ejaculated by a human male. In their dash to-
ward the egg, sperm need to be nourished, and semen nourishes them
with the sugar fructose. Semen is also slightly alkaline, keeping the acid-
sensitive sperm alive in the acidic conditions of the female reproductive

tract.

The approximately 15-cm-long race track was also propetly pre-
pared. As the hormone estrogen is released, the physical barrier of the
cervix opens, the cervical mucus grows more alkaline and watery, and
uterine contractions are stimulated, helping the sperm to enter the re-

productive system. To help the sperm reach the egg-bearing fallopian
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tube, uterine contractions come to the aid of the sperm’s propulsion en-
gine.

The sperm that make it to the cervical canal, escaping the attack of
a defensive army of white blood cells, are rewarded by a sea of cervical
mucus to transport them. This mucus is normally viscous, but exactly at
the period of ovulation it becomes clear and thin so that the race track
is properly paved with strings of molecules that sperm can ride to their

final destination.

Once it’s in the right place, how does the sperm find the egg? The
sperm follows chemical attractants emitted by the egg,' using a chemical

sensor that leads it toward the goal.

But the lucky sperm cannot win simply by being fastest. Some sperm
will move too quickly and get there before the egg shows up. Others will
be there too late. To make things even more difficult, there are two fal-

lopian tubes, and usually there is an egg in only one of them.

All but a tiny fraction of the runners will fail to find the egg in the
first place. Out of the millions of sperm at the starting line, only a few
hundred will reach the egg. And reaching the egg isn't the end of the
struggle. There is still the matter of penetrating the egg wall, the final
challenge.

The egg is surrounded by a thick outer coating called the zona pellu-
cida, which contains proteins decorated with branching carbohydrates.
There are literally thousands of carbohydrate patterns the egg could
have used to make these glycoproteins, as they are called, yet it makes
only the kind the sperm recognizes. This perfect chemical match is nec-

essary fOI‘ success.

Necessary, but not sufficient. The sperm, having arrived, still has to

make its way through the thicket.

Fortunately, the sperm is equipped with a mechanism to get past the
zona pellucida. The head of the sperm is capped with a structure called

the “acrosome.” As soon as the acrosome contacts the zona pellucida, it
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Figure 7.3. The most crucial moment comes when the winner finds the
egg and breaks though its outer covering and membrane (steps 1 to 3)
using an arsenal of ingenious enzymes. After that, the egg prevents all
other sperm from entering,

releases just the right digestive enzymes to enable it to tunnel through
the thick outer layer to reach the egg’s membrane. (See Figure 7.3.) The

membrane of the sperm then merges with the membrane of the egg,

And the egg doesn't stay still during the process. It moves toward the
approaching sperm. The mucous membrane that lines the fallopian tube
gives off secretions that help to transport both the egg and the sperm
and keep them alive. Bicarbonates and lactic acid in these secretions are
vital oxygen suppliers for the sperm and for developing the fertilized egg,
Glucose is also present, providing a Red-Bull-like energy boost for both
the egg and sperm. And a pool of properly designed chemicals provides

an appropriate environment for fertilization.

The many aspects of this race for life are a marvel of orchestration.
The chemistry and pH levels must be perfectly balanced. After the “first
night,” the uterus must be ready for the fertilized egg to implant. Im-
plantation of the fertilized egg causes a programmed change in the hor-
mones the woman’s body produces—for example progesterone triggers

development of the breasts. Then later, elevated estrogen levels in the
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blood prepare the breasts for lactation (along with other hormones such

as luteinizing hormone).

But perhaps the most spectacular supporting cast members in the
race of life are those in the mucous membrane. Propelled by nanomo-
lecular engines, fine hair-like structures called cilia drag the egg through
the fallopian tubes using highly synchronized movements like those of
the arms and legs of a champion swimmer. This synchronized swim-
ming motion, together with rhythmic muscular contractions of the wall
of the fallopian tube, plus the flagellar propulsion of the sperm, moves

sperm and egg toward each other.

The old saying, “Two’s company; three’s a crowd” is true here. The
implantation should be a single egg with a single sperm, but scores of
other sperm also make it to the egg and will try to crash the party. If two

sperm penetrate the egg, the ensuing genetic chaos dooms the embryo.

To prevent this tragedy, a series of ingeniously orchestrated bio-
chemical processes occur as soon as the sperm enters the first wall.> An
army of soldier molecules quickly harden the outer egg wall as soon as the
first sperm enters, preventing other sperm (not too many by now) from
following, Penetration of a sperm and its fusion with the egg triggers
the release of millions of calcium ions. These cause the cortical granules
inside the egg and the plasma membrane to fuse. The cortical granules
drop their payload outside the cell, enzymes that digest the zona pellu-
cida, such that it can no longer bind sperm. Meanwhile, other molecules
from the granules generate a new barrier layer around the fertilized egg.
In this way, the deadly situation of a single egg being fertilized by mul-

tiple sperm is prevented.?

Recently, scientists solved a long-standing mystery in biology* when
they discovered that a matching pair of specific proteins allows sperm
to “dock” with an egg. The Juno protein, named for the Roman goddess
of fertility, is situated on the surface of the egg and binds with a sperm-
specific protein known as “Izumo,” named for a Japanese shrine to mar-

riage. How did they learn this amazing, coded trick?
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This carefully coordinated process must occur perfectly for a hu-
man life to even begin. Everything must happen in order, nothing must
go wrong, each piece must play its part, or there is no new human. If
even one of the indispensable steps fails to work, no new life. It’s all or
nothing, Do you have any idea, or have you ever read a scientific paper,
explaining in molecular terms—supported by data—how such a pro-
cess could possibly come together one small, blind evolutionary step at a
time? Don't feel bad. No one has. The reason for that, I would suggest, is
that in reality it came together not through blind evolution but through
foresight and careful preparation. That is the best explanation, given the

growing wealth of evidence.

And the intricate necessities of a pre-born human do not end after
implantation. Once this first, carefully coordinated stage is over, a nine-
month-long journey begins—one that requires even more carefully syn-

chronized parts and processes if a living, breathing infant is to be born.

The Chemical Arsenal of Pregnancy Hormones

As we have briefly touched on above, pregnancy requires a concatenated
series of chemical and morphological changes. These steps are triggered
by a series of chemical messengers, a cocktail of fantastic biomolecules
large and small, known together as hormones (Figure 7.4). They control
and synchronize the production of an egg, its fertilization, the devel-
opment of the embryo, and the child’s final delivery from the mother’s

womb.’

Hormones are intriguing shapes from a chemical point of view.
They are a special and structurally diverse set of chemical messengers
that control most major body functions, from the basic processes that
generate hunger to highly complex and sophisticated operations such as
reproduction. Hormones even contribute to emotions and mood. One
could write another entire book on the foresight manifested just in preg-
nancy hormones and other biomolecules that must have been present for
the arrival of the first baby born on Earth. We'll look at just a small (if

striking) set of examples here.
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Figure 7.4. Just a sampling of the diverse cocktail of messenger biomol-
ecules, or hormones, needed to orchestrate pregnancy and labor.

The various chemicals involved in pregnancy trigger specific preg-
nancy events, but also prevent problems that would otherwise kill the in-
fant. Though some hormones play larger roles in pregnancy, all of them
are necessary to produce a healthy baby. Here is a short list of hormones

and a summary of their roles:

FSH: The follicle-stimulating hormone (FSH) is believed to be the
first in the cascade of pregnancy hormones and is present in the mother’s
blood even before fertilization. FSH stimulates one of the egg-bearing
follicles of the ovary, telling it to ripen and start making the hormone

estrogen.

LH: The luteinizing hormone (LH), working in concert with FSH,
orchestrates the menstrual cycle and becomes inactive during pregnancy.
As FSH triggers production of estrogen, this messenger sets off an LH
surge that commands the dominant follicle to release the egg from the
ovary. The egg then migrates toward the fallopian tube, where it waits
for the winning sperm to arrive. The splayed-apart follicle forms the cor-
pus luteum, which disintegrates in about two weeks if an embryo fails
to implant. If the egg is fertilized, the corpus luteum continues to grow,

producing enough hormones to nourish and support the new life.
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hCG: The human chorionic gonadotropin hormone (hCQG) is the
“just-for-pregnancy” messenger that triggers the production of estrogen
and progesterone as soon as the egg is fertilized. Like LH, hCG is re-
sponsible for keeping the corpus luteum alive until the placenta takes
over. Just as crucial, hCG suppresses that part of the mother’s immune
system that might mistake her baby as a foreign body and eliminate it.
The newly developing placenta produces hCG just a few days after the
fertilized egg implants to “fool” the mother’s molecular army. The em-
bryo checks in and stays for forty weeks, feeding off her nutrients. The
amount of hCG is so high during pregnancy that it can be measured by
home pregnancy tests. This hormone also stimulates the corpus luteum
to produce more estrogen and progesterone. They rise and decline, but
levels of hCG remains present throughout pregnancy, always on duty to

protect the baby from rejection by the mother’s immune system.

Estrogen: This hormone is there to do a lot of tasks, but mainly it
helps the uterus grow, while regulating the production of other key hor-

mones and triggering the development of the baby’s organs.

Progesterone: This is a multi-function hormone that triggers the
growth of breast tissue and, most importantly, helps soften ligaments
and cartilage to prepare the mother’s body for labor, so the baby can get

out easier,

Relaxin: This is also a crucial hormone for pregnancy. Without re-
laxin, all the hard work would be in vain and the baby would be trapped
inside the mother’s womb. But this catastrophe was anticipated, and the
proper solution provided: Relaxin sends a message to the mother’s body
to relax muscles, bones, ligaments, and joints to allow dilation of the cer-

vix so the baby can be born.

hPL: Human placental lactogen (hPL) is the hormone responsible
for sending messages to the mother’s breast, making it ready for breast-

feeding,
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Oxytocin: This hormone triggers muscle contractions that coordi-
nate labor for the baby’s delivery. It also stimulates the nipples for breast
feeding and is known as the “love hormone,” since it helps the mother

bond with her new baby.

Prolactin: This is another amazing messenger for pregnancy. It trig-
gers the increase in size of the mother’s breast so it can produce suffi-
cient milk for her newborn. (It's now well established, by the way, that
mother’s milk is better for babies than even the most advanced artificial

baby formula.)

Without this fine-tuned cocktail of pregnancy hormones, there
would be no newborns, because after implantation a baby would never

reach the point of delivery.

Opening the Door: Cervical Dilation

THE cervix is the lower part of the uterus that opens into the vagina. As
the baby develops in the uterus during pregnancy, the cervix serves two
critical functions. First, it remains hard and unmoving during the forty
weeks of pregnancy. The cervix serves to hold the developing fetus inside
the uterus until the baby is mature enough for delivery. But precisely at
the time for labor and delivery, a metabolic marvel occurs: The hypo-
thalamus sends molecular messengers to the cervix to tell it the time has

come for it to soften and become more elastic.

One might posit that cervix ripening was a selective advantage ac-
quired over many generations of blind evolution, but notice the problem.
If in the first-ever baby delivery, the cervix was not able to hold the baby
in place and then open at exactly the right time, this poor pioneer infant
would have been expelled too eatly or been trapped inside the mother’s
womb, leading to the death of both child and mother. No first baby, no
chance for gradual evolution over many generations. Proper dilation at

the right time of the cervix is a prerequisite for human reproduction.

During delivery, the cervix widens considerably from its normal di-

ameter (which is 1-3 centimeters) to make room for the baby to come
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out. It is normally roughly cylindrical, long, and thick, but during de-
livery, the cervix shortens, thins, and pulls up into the lower part of the
uterus, allowing it to open. This incredible widening, from 1-3 centime-
ters to up to ten centimeters, creates a passage for the baby’s head and the

rest of his body into the vaginal canal.

This dilation process can happen overnight, or gradually over a
couple of days. Remember that the ripening of the cervix is stimulated
by the hormone oxytocin, with the help of the high levels of estrogen.
This stimulus in turn releases a group of additional hormones, known
as prostaglandins (P2 and PGE2), which together play an indispensable

role in dilation and labor.

Occasionally, inappropriate cervix dilation leads to complications
in a baby’s delivery.® Before modern medicine, these complications of-
ten led to the death of both mother and child. One might argue that
this failure is evidence of the imperfect, trial-and-error process of blind
evolution, rather than of foresight and planning by an all-wise designer.
That's an objection with scientific, philosophical, and even theological
dimensions. A whole book could be written on that, but here it suffices
to note that it is a theological assumption that a good and wise design-
er would plan a world necessarily free of all pain, suffering, and death.
Leading theological thinkers from various religious traditions have of-

fered forceful arguments to the contrary.

But setting aside theological considerations, setting aside questions
about the character of any would-be designer of nature, consider the fol-
lowing imaginative scenario. One day you discover a fleet of cars in a
warehouse, all of them the same model. And this model is technologi-
cally far beyond anything humans have ever engineered. By comparison
it makes a Formula 1 race car look like a horse wagon. Later you discover
that some of these extraordinary vehicles have problems with clogged
fuel lines. This failure would be interesting, and surely worthy of inves-
tigation, but hardly grounds for concluding that this amazing model of

race car wasn't the work of foresight and planning,
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Only if there were another, better explanation for the model’s ori-
gin, one that accounted for all of the foresight and planning seemingly
needed to build such a high-tech vehicle, and neatly accounted for the
clogged fuel lines, would it be reasonable to even consider discarding the
design explanation. And accounting for all the foresight and planning

would require more than some vague stories starved of specifics.

For the extraordinarily sophisticated system that is human preg-
nancy and birth, the best no-design explanations—all modern varia-
tions on Darwin’s theory of evolution—remain starved of specifics, lean-

ing instead on all manner of hand-waving,

As for cervical dilation, it is a marvel that it works at all, works so
often, and works so well. And once the baby is born, the cervix has one
more trick, essential for the mother’s health. As soon as the baby is out,
the process automatically begins reversing itself, and the cervix soon re-

gains its normal size and consistency, returning to its other function.

The need for both steps had to be anticipated. Foresee the need to
ensure the developing baby stays inside the uterus, despite the mother’s
upright posture, then foresee the need for both cervical dilation and con-

traction at the right times, or no baby deliveries.

An Appendix: On the Appendix
BEFORE MOVING on to the next chapter, I would like to make a brief di-
gression to look at an organ not involved in pregnancy, but no less a feat

of anticipatory problem solving: the human appendix.

The digestive process is an essential part of human life. To provide
us with needed nutrition, our digestive system and a wonderful pool of
enzymes and nano-workers (intestinal bacteria) break large molecules
from food into small molecules that our bodies can absorb and use for
energy, growth, and cell repair. But sometimes there’s a bug in the sys-
tem—literally—and humans become ill and need to remove harmful
substances from their digestive tract. This washing usually takes the

form of diarrhea, which, while unpleasant, is necessary for our well-be-
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ing” When we get diarrhea, our body flushes out the bacteria that are
making us sick. That is, cells in the wall of the intestine allow much more
water than usual to enter it. By studying rats, scientists have discovered
that this process is a masterpiece of chemical signaling, involving action
triggered by a protein called interleukin-22 working with another pro-

tein, claudin-2.8

But as is often the case with even the most ingenious engineering
solutions, the cure creates new problems. Diarrhea, while necessary, is
not very selective. It eliminates the cause of sickness, but in the process,
flushes out our good intestinal bacteria as well. These bacteria are es-
sential for proper food digestion. So how does the body get around this
dilemma? You may be surprised by the answer, because evolutionary
theory has taught for years that the relevant organ was a useless leftover

from evolution.

Our digestive system is made of an intricate array of interconnected
organs: the gastrointestinal (GI) tract that extends from the mouth to
the anus includes the liver, the pancreas, and the gall bladder, as well as
the esophagus, stomach, small intestine, and large intestine. But tucked
away in a corner off of our large intestine and isolated from the rest of
the tract is a small, solitary, but rather important organ: the appendix, a

finger-shaped sac attached to the cecum. (See Figure 7.5.)

Darwin and his followers assumed the appendix was a useless vesti-
gial organ, left over from when we walked on four legs and ate a vegetar-
ian diet. This evolutionary legend, based on lots of rhetoric and little
evidence, has been around at least since Darwin argued for it in The De-
scent of Man.?

Although it sometimes annoys us, particularly in industrialized
countries due to its modern susceptibility to inflammation,'” we now
know that the appendix performs at least two crucial functions (and
hence is a valuable organ that you wouldn't want to lose unless it’s abso-
lutely necessary to remove it"). First, it is a source of antibody-producing

blood cells and so a helpful part of our immune system.'? Second, it acts
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as a safe house for good bacteria, repopulating the GI tract after diarrhea
cleans it out."”® Its location is perfect from a hydraulic engineering point
of view: placed just below the normal one-way flow of food and germs in
the large intestine, it occupies a cul-de-sac and is thus well protected from

disruption due to diarrhea.

The appendix also appears to be useful during normal digestion,
since, as highlighted in Nature Reviews Microbiology, it likely provides a
“privileged anatomical” compartment for cultivating the good bacteria

and protecting microbial inhabitants from competitors.'*

So the Darwinian argument that the appendix is a vestigial organ
that supports evolutionary theory is itself vestigial, a leftover of nine-

teenth-century Darwinian biology. We know better now.

Large Instestine

Gut Bacteria

Figure 7.5. The human appendix, mistakenly regarded as a vestigial or-
gan, has been discovered to work as a reservoir for essential bacteria.
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8. PLANNING FOR THE SENSES

LET'S LOOK NOW AT THE SENSES OF SIGHT, SMELL, AND TASTE, OUR
capacity to feel pain, and an internal sensor crucial for breathing,
Mostly we will focus on human senses, but just to keep ourselves hum-
ble, we will pause along the way to admire a champion sniffer from the

order of insects, the humble moth.

Human Eyes
I'p BE remiss if I wrote a book about the evidence for foresight in biology
and failed to explore one of the most compelling evidences of it—namely,

sight.

Visible light is a collection of electromagnetic waves with wave-
lengths ranging from about 380 to 740 nanometers. (A nanometer is
one billionth of a meter.) When visible light strikes an object, or passes
through a gas, it is absorbed, reflected, refracted (bent), or scattered.
When an object reflects all wavelengths equally, the human brain in-
terprets the object as white. When the object absorbs them all equally,
it appears black to us. When it absorbs some visible wavelengths and
reflects others, we perceive it as some particular color, such as red, or-
ange, yellow, green, blue, or violet. How we experience colors also has
something to do with context. Everything from background colors to
degree of familiarity plays a role." There is an intimate relationship be-
tween colors and the brain’s interpretation. Life very well might be viable
in a shades-of-grey universe, but for some reason the universe is colorful

and we are able to perceive a rainbow of colors.

The typical human retina (at the back of the eyeball) contains three
types of cone cells—receptors that can distinguish three primary colors,
plus millions of combinations. It also contains millions of receptor cells

called rods that are more sensitive to light but can distinguish only black
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and white. As Jennifer Leong explains, in both cases, when light strikes
a receptor, neural signals are created by chemical changes, and “these
signals are then routed through neighboring bipolar and ganglion cells
that form the optic nerve. This nerve then transmits information to the
brain’s visual cortex.”” Eye sensitivity varies from person to person, but
it has been estimated that humans with the best color vision can distin-

guish up to 10 million different colors.?

But just being able to perceive colors would be insufficient to aid sur-

vival. We also need a way to interpret what colors mean in everyday life.

The interpretation begins in nerve cells in the eye, but it is complet-
ed by the brain. Nerve signals from the eye are processed in the brain’s
visual cortex, which is so complex and integrated that it makes a mod-
ern computer look like an abacus. Developing this visual cortex required
something utterly foreign to a random process: foresight. It took a plan
to coordinate the integrated complexity that enables us to make sense
out of what we see. The more you think about it, the more amazing it

becomes.

Smell and Taste

IN MANY analytical laboratories wotldwide, such as the mass spectrom-
etry laboratories I oversee in Brazil, scientists have developed hundreds
of different highly sensitive and selective instruments and methods to
detect and identify chemicals. These methods help us understand the
chemical composition of different types of aromas, drinks, and foods at

as low as parts per trillion or less.

But long before the sensitive technology described above, people had
to decide what to eat and not eat unguided by scientific knowledge. How
did they make this essential decision? This ability to sort good food from
bad food had to be there from the get-go. It’s hard to imagine how this
task could be acquired over a long time without life going extinct first.
We have always needed to eat and drink, and we have always needed to

know what to eat and drink. Imagine fishing in the morning and keep-
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ing the leftovers for dinner on a hot summer day without being able to

recognize that the fish smells bad!

We have a clever solution to this problem. In addition to the analyti-
cal instrumentation in our eyes and visual cortex (far more sophisticated
than artificial spectrophotometers for colors), we have analytical instru-
mentation in our noses, tongues, and brain that enables us to taste and
smell with extreme sensitivity and accuracy—far beyond that of artifi-
cial mass spectrometers. And this biological instrumentation follows a
general rule: Things that would make us sick or even kill us generally
smell and/or taste bad. True, modern methods of food preparation have
allowed us to refine, prepare, and eat way too much of some tasty foods
that, eaten in moderation, would be fine for us but eaten to excess cause
problems. And of course the system can be fooled, as evidenced by the
existence of odotless and tasteless poisons. But the wonder is how well
our senses of taste and smell generally steer us around deadly foods and

toward foods that give us the healthy nutrients we need.

It has long been believed that human noses are somehow deficient.
Aristotle wrote that “men have a poor sense of smell.” And Darwin erro-
neously concluded that a sense of smell was of “extremely slight service™
to the civilized human. These impressions, misguided by a false idea
of how life works, reinforced nineteenth-century neuroanatomist Paul
Broca’s insistence that humans don't have a good sense of smell. It's true
that dogs possess fifty times the olfactory receptors that humans have,
meaning the strength of signal is probably stronger for dogs in many
cases. Nevertheless, the healthy human nose possesses a sophisticated,
built-in olfactory system® able to detect many thousands of scents and
classify them as sweet, pungent, acrid, fragrant, warm, dry, or sour. Ad-
ditionally, as John McGann notes, a recent study showed that “humans
outperform laboratory rodents and dogs in detecting some odors while
being less sensitive to other odors,” and that “like other mammals, hu-
mans can distinguish among an incredible number of odors and can even

follow outdoor scent trails.””
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As McGann further explains, our olfactory bulb is large in absolute
terms compared to mice and rats, and contains about as many neurons
as the olfactory bulbs of other mammals. We therefore can “detect and
differentiate an extraordinary range of odors,” at least the ones that re-

ally matter to us.®

The connection between bad taste, bad smell, and bad food is so
strong that we and most other animals (except scavenging birds, who
have the digestive capacity to handle rotting carcasses) would starve to
death rather than eat rotten meat. The rotten meat signal seems care-
fully planned, since it releases some of the most obnoxious and volatile
molecules on Earth: two diamines that smell so strongly of death they

were named cadaverine and putrescine.

The human tongue can detect five flavors: salty, sweet, bitter, sour,
and umami—that is, savory. (According to recent research, humans
might also be able to detect a sixth flavor: carbohydrates more complex
than simple sugars.’) The nose and tongue team up with the brain to
merge the taste and smell senses, and to detect the traces of scents and
flavors too faint to be distinguished by themselves. We have much better
taste and smell accuracy because our two human “mass spectrometers”
work together in this way. As a paper in Nature Neuroscience explained,
flavor perception is an integrative process activated “in two peripherally
distinct neural systems, olfaction and gustation, which combine “to pro-

vide us with a unified oral sensation.”*°

Moths

ON THE scale of smell sensitivity, humans and dogs are impressive, but
some of the best smellers are insects."! Among insects, male moths are
“super-champions” that can smell highly specific sexual stimulants over
long distances (Figure 8.1). Indeed, they can detect, amidst a myriad of
other much more abundant molecules, a single specific molecule called a

pheromone emitted miles away by a female moth.
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Figure 8.1. A chemical detector extraordinaire: the antenna of a male
moth. Using a method of preconcentration sampling akin to solid phase
micro-extraction (SPME), and employing what may be the most sen-
sitive and selective detectors known to man, the male moth’s antenna,
scientists have shown, can detect a single molecule that has been emitted
miles away by the female.

Male moths from several families accomplish this fully amazing
task using an exquisitely designed sampling device: a highly sophisti-
cated antenna with as many as 60,000 hair-like olfactory receptors. Its
broad shape allows the antenna to come into contact with the largest
possible volume of air for the greatest possible sensitivity in sampling,'
The mechanisms that enable a male moth to detect incredibly low con-
centrations of pheromone molecules depend on a highly sophisticated

set of proteins.

This highly sensitive and selective odor detection is, as Monika
Stengl insists, “a prerequisite for survival and reproduction in many in-
sects, especially in shortlived moths.” The female moth releases a mix of
pheromones to attract a mate. In a time-dependent synchrony with the
female, the male moth hunts for the female’s specific signaling molecules
using a selective sampling and spectrometer-like device of “astounding
sensitivity.”?> Both of these abilities had to be present for the potential
mates to find each other and reproduce. One without the other is use-

less.
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The male moth manages the job, Stengl writes, using specialized
hair-like sensors on his antenna and can screen the air with molecule
trackers pointing forward as it flies upwind. In doing so, it adsorbs
around thirty percent of the lipophilic pheromone molecules in the sur-
rounding air, thanks to the very selective waxy surfaces of its antenna.
(This mimics how chemists sample trace substances using selective
SPME fibers.) The male moth beats its wings at such a high frequency
that the down strokes from its wings increase the airflow to improve

SPME-like sample collection.**

Even if the female could produce the right blend of pheromones—a
chemical miracle in itself—the pheromones would be useless if the male
lacked the ability to detect them with extremely high sensitivity using
the right sensors and SPME-like sampling. Building a system that al-
lows male and female moths to find each other requires foresight at every
step. Every strategy, the underlying biochemistry and biosensors, every
bodily part involved, are a “primordial must” for the survival of the spe-
cies. If any of these details were missing and, consequently, the male and
female couldn't find each other, they would fail to reproduce and the

species would soon become extinct.

Aggravating the problem, mature moths must reproduce during
their very short lifetimes, so they must locate their partners very quickly.
No time at all to wait for evolution over eons of time. Foresee and imple-

ment the right pheromones and the antennae at once, or goodbye moths.

Planning for Pain

OF couRsE, not all sensations are pleasant. Life is wonderful but quite
often painful as well. Wouldn't a body that didn't experience pain be
much better than the ones we have? Actually, pain is a feature of life ex-
traordinarily valuable for survival. It protects us from noxious and dan-
gerous stimuli, and losing the sensation of pain often results in injury

and even death.
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“No pain, no gain” is the rule at the gym. We could also say, no pain,
no life.”® The absence of pain would pose a fatal threat to life, because
creatures would push themselves beyond the bounds of their strength
without knowing any better, or ignore injuries until the injuries gradu-

ated from harmful to lethal.

Pain with properly tuned intensity is crucial to protect life.'® For
instance, when a boy steps on a nail, he feels intense pain through spe-
cial pain-detecting nerve endings in his foot (nociceptors), which are
perfectly located in skin and connective tissues. An electrical impulse
is immediately transmitted to sensory neurons, and a nerve impulse is
triggered and passed to the central nervous system through a relay neu-
ron. Depending on the source of pain, this relay then directs the signal
either to the brain or the spinal cord, and then back along the motor
neuron to the muscles. The muscles quickly contract, limiting the injury
and protecting the boy’s foot, because he will immediately lift it when
he feels the pain. If the boy grabs a hot pan, the muscles will recoil from
the painful burning sensation in his hand. While the body is involved in
many unconscious activities to minimize the threat, the conscious mind

of the boy only feels pain and hopefully learns a lesson.

From the sting of a nail to the great agony of a shattered bone or
burned skin, pain lets us know when we need to take action, tells us what

part of our body needs attention, and motivates us to remedy it.

From experience we also learn that the intensity of the pain is cali-
brated to the level of injury, and that it only triggers a reflex stimulus
when a damage threshold is reached. Imagine the agony if our pain sen-
sors were not so well adjusted and we felt intense pain over trivial ac-
tivities such as walking on gritty sand or receiving an overly enthusiastic
hug,

Healthy people have no external organs that are immune to pain,
and the most fragile organs are the ones that are most sensitive to it.
Without pain, life would always be at risk. If the boy who stepped on the

nail felt no pain, he would continue stepping further onto the nail, caus-
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ing severe muscle and nerve damage, blood loss, and probably a serious
infection. Pain informs him of the severity of the injury and stops him
before he has time to consciously react. Without pain, we would put our
lives and health at risk by engaging in dangerous activities without even
realizing it.

To appreciate pain’s purpose it helps to contrast it with congenital
analgesia, a rare disorder that prevents individuals from feeling pain."”
This potentially lethal pathology is caused by mutations' that damage
several genes. As Mo Costandi reports, mutations in the SCN9A gene
“produce a non-functional sodium channel, so that pain fibers can still

detect painful stimuli but are unable to send the signals about them to

the brain.”"’

This condition makes life a nightmare. People with congenital anal-
gesia are vulnerable to serious cuts, fractures, and burns. It is so hazard-
ous that those with the condition often die young because severe injuries

or illnesses go unnoticed.*

The scientific literature reports several cases of children who were
completely unable to sense physical pain of any sort from the day they
were born.”' Children suffering from this painless and horrible patholo-
gy begin chewing on their tongue while teething and also unconsciously
mutilate their own fingers and lips. Their parents don't know to take
them to the doctor when they contract appendicitis because the child
never feels any abdominal pain, and so never complains. They burn
themselves, or keep playing football on a broken ankle, or are bitten by

ants or spiders without ever feeling a thing,

Evolutionists theorize that the sensation of pain was acquired slowly
and by accident because it provided a survival advantage. And it is true
that the history of life suggests a progression from less to more sensitive.
For instance, cnidarians (such as jellyfish, sea anemones, and hydra) do
have a very simple network of nerve cells that detect stimuli, most likely
touch. Annelids have a somewhat more sensitive neural network that

responds to touch, taste, and odor. Nociceptors are specialized neurons
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that some evolutionists would say are a short evolutionary distance from

these other sensory neurons.

This is all worth noting, but the devil is in the details. What may
seem a short distance from a distant vantage point may suddenly look
very different when we draw closer and can discern the dauntingly so-
phisticated world of molecular biology, including its genetic and epigen-
etic information and information-processing systems. From this vantage
point, suddenly the evolutionary pathway looks more like what Lewis
and Clark must have witnessed after they reached the headwaters of the
Missouri River and, rather than finding another river a hop, skip, and
jump on the other side of the continental divide flowing west, they found
mountain after mountain as far as the eye could see. Evolution’s pathway
is similarly much, much further away than initially assumed. And where
the analogy breaks down is that evolution has no Lewis and Clark, or
Sacajawea, for guides along the path—or for that matter, any goal. It is

blind and purposeless.

Is the analogy otherwise a sound one? I predict that the more we
learn about the molecular particulars of what differentiates our capacity
for pain from that of more primitive life forms, the talk of an easy, breezy
evolutionary walk from A to B to C to D will give way to an information-
rich landscape of sophisticated and ingeniously orchestrated molecular
machinery, with capacities that far exceed human-made machinery, ones
with no plausible, detailed evolutionary pathway from primitive to so-

phisticated.

Breath or Death

WHEN WE think of senses we usually think of the big five—sight, hear-
ing, touch, smell, and taste. But our body has many internal sensors that
measure various factors key to our survival and send messages to our
brain to keep them balanced. For example, our ability to breathe de-
pends on a very sensitive detection system—a “sense” in one meaning

of the word—that keeps track of oxygen (O,) levels in our bodies. And
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that is just one enlightening example of a whole category of sensors and

balancing mechanisms.

It’s fortunate that O, is abundantly present in our atmosphere, for
it is central to human life, and to practically all living things. But this
doubly bonded diatomic molecule can, as noted earlier, also be harmful.
O, is only beneficial to life forms that are prepared to use it in controlled
ways, the specific means depending on the organism’s level of sophistica-
tion and energy demands. Most life forms are armed with marvelous
respiratory and blood-carrying systems that take 0, from the air, carry it
through blood vessels (using biomolecules such as hemoglobin) to where
it is needed, and then bring the by-product back. We take in O, and
eliminate its by-product, carbon dioxide (COZ), by breathing constantly
and at a well-controlled rate. It's a masterfully functioning, semi-auto-
matic, silent, and smooth system, one that generally works so well we

don'’t even think about it.

There, are of course, primitive outliers in this story. Cnidarians are
in parts only two layers of cells thick, so every cell is exposed to the ma-
rine environment and obtains its own O,. Earthworms simply absorb
O, through their epidermis, which is why after a heavy rain they come
to the surface, so they don't drown. There are, thus, multicellular ani-
mals that don't possess anything as intricate as what vertebrates have
for processing O,. Evolutionists would use these to tell a story connect-
ing simple hydra up through the animal phyla and be quite sure of their
evolutionary tale. But again, this would be another evolutionary “just-so”
story, the two extremes connected by wishful thinking starved of mo-

lecular details—long on the why and short on the how.

We typically breathe between twelve and twenty times a minute,
day in and day out, throughout our whole lives. Breathing consists of
two phases—inhalation and exhalation. Our lungs continually expand
and contract, supplying O, to our bodies and removing the waste CQO,,.
When you breathe in, your external intercostal muscles and diaphragm

contract, pulling the diaphragm downward and moving the ribs up and
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out to expand the rib cage and our chest volume. The increase in chest
volume lowers the air pressure inside the lungs compared to the out-
side air, drawing air in through our nostrils, mouth, larynx, and trachea.
When we exhale, the external intercostal muscles and diaphragm relax,
returning the thoracic cavity to its previous, smaller volume. This mo-

tion forces the air out of our lungs.”

The morphological design of our respiratory system includes bron-
chial tubes, which branch off from the trachea and then divide in the
lungs into smaller air passages known as bronchioles. These end in over
300 million tiny balloon-like air sacs called alveoli, and surrounding
each of these is a mesh of little blood vessels called capillaries. It is in
these capillaries that the oxidizing O, passes through the alveoli walls
and enters our blood. In the red blood cells the O, is loaded into a highly
intricate molecule, hemoglobin. As the blood circulates throughout the
body, hemoglobin releases O, to all the body’s cells. The same hemo-
globin then collects the waste CO2 and returns it to the lungs, where it

escapes into the alveoli and enters the air we exhale.??

All of these well-orchestrated processes usually happen automati-
cally and unconsciously, controlled by our respiratory center in the brain
stem, or medulla. Breathing continues even when we sleep, adjusted to
the different O, requirements of resting, The medulla directs the spinal
cord to maintain breathing while further smoothing of the respiration

pattern is provided by the pons, located close to the medulla.*

The level of CO, in the arterial blood is used by the respiratory cen-
ter to modulate breathing, C02 increases acidity, and if acidity increases,
the chemoreceptors send a signal to the brain’s respiratory center, which
sends feedbacks to speed and deepen breathing. This process expels

more CO, and brings in more 02’25

If you are exposed to a suffocating atmosphere with too little O,,
such as the predominantly N, atmospheres inside a mass spectrometry

laboratory, or at high altitudes while mountain climbing, or to an atmo-
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sphere with too much COZ, such as the one in a corn silo, your metabo-

lism will slow down to consume as little as O, as possible.

We can also observe our respiratory sensors in action in situations
of reduced O, availability. When the O, concentration in our blood re-
duces, and CO, concentration increases accordingly, the normal flow of

O, will be altered, and most of the blood flow from the limbs will be

redirected to the two most critical organs: the brain and heart.

According to the findings of a study reported on in the journal Cell,
the brain also appears to be equipped with a builtin chemometric sen-
sor for atmospheric suffocation.”® The amygdala—a vestigial (useless)
organ according to misleading evolutionary predictions—is instead
“part of the fear circuitry of the brain,” John Wemmie of the University
of Iowa explains, functioning as the suffocation sensor and stimulating
the sympathetic nervous system.”” Inhalation of CO, reduces brain pH,
and the amygdala has an acid-sensing ion channel (known as ASIC1a)*®
activated by low pH levels. The findings demonstrate that the amygdala

both senses the threat CO, poses, and triggers a response.”

Breathing is unusual among our bodily functions because it can
continue on its own or be voluntarily regulated. Why should such a vi-
tal mechanism be susceptible to voluntary control? Conscious control
of breathing rate and intensity allows humans to speak, sing, and play
musical instruments such as the saxophone and trumpet. Breath control

also allows us to swim.

But this ability to control our breathing comes with a price. If we
didn't know when to stop holding our breath, we might easily damage
brain and heart, and eventually organs would shut down and the brain
die. So the brain’s autonomous breathing control center quickly reas-
serts control and triggers the diaphragm into action. The urge to breathe
triggered by our brain simply grows too strong, such that few can resist
it while still conscious. And for the rare person who can, there remains a
backstop: He faints, and then starts breathing again. The dictatorship of

the brain in breathing saves us from auto-suffocation.
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So next time you notice yourself breathing, pause and wonder at the
marvelous design of our respiratory system. Without this delicate inter-
play of automatic, voluntary, and mandatory breathing via chemosen-
sors and feedbacks in place, land-dwelling animals, including humans,

would never have survived.

Conclusion

WitHoUT ALL of these delicate sense systems—and these really are just
a few of the many possible examples—humans could never have existed.
Also, these senses don't just allow us to survive. They allow us to experi-
ence and enjoy the world around us. These senses are absolutely crucial,
and at the same time they are a gift that renders life both beautiful and
compelling, This orchestration of senses looks for all the world like the
result of careful planning, implemented before we ever knew we would

need them or could understand their significance.



136 / Foresiur /



9. FORESIGHT AND THE

FUTURE OF SCIENCE

/ | 'IME FOR A QUICK RECAP, AND THEN LETS STEP BACK AND CON-
sider the implications of the evidence in these pages for the future

of science.

The development of a chick embryo is a wonder to behold. (And
you actually can behold it, because scientists have filmed the process.")
But no less a wonder than the developing embryo is the egg in which it
develops. The egg yolk and egg white contain all the food the chick will
need before it hatches. The eggshell also contains microscopic pores that
let air in, so the chick can breathe. The developing bird then generates a
network of capillaries to absorb oxygen from the air and release carbon
dioxide. Just before hatching, special membranes in the egg trap enough

air so the full-grown chick can take its first breath before it leaves the

shell.

The eggshell is hard enough to protect the developing chick, yet
fragile enough for the full-grown chick to peck its way out. Indeed, the
egg’s contents and shell are masterpieces of engineering that both nour-

ish and protect the baby bird.

But there would be no egg without a chicken to produce it. Without
an egg there can be no chicken, but without a chicken there can be no
egg. It’s the original chicken-and-egg problem, the archetypal example of
a most curious causal circularity: To get A we need B, but to get B we
first need A. We can't have one without the other. To get both together,

we need foresight.
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We find examples of this causal circularity—and thus the need for
foresight—throughout living systems. As we have seen, living cells need
membranes. No membranes, no life. And not just membranes, but mem-
branes with a myriad of phospholipids and channels that enable a cell to
control its internal environment. Those channels require complex and
specialized proteins to function. Yet in the absence of a skilled biochem-
ist, the necessary proteins are made only in cells—which existed long
before there were biochemists. Without stable membranes loaded with
protein-operated channels, there are no cells. But without cells there are

no proteins to form membrane channels.

Or consider this: Inside a living cell we find DNA and RNA, both
extremely well-suited for the jobs they perform—from the chemistry of
their components to the chemistry of the complex molecules themselves.
Without DNA and RNA, the cell could not synthesize the proteins it
needs. Yet without a suite of complex proteins, the cell could not synthe-
size more DNA and thus could never divide. And without another suite
of complex proteins, the cell would be unable to make RNA. No DNA
and RNA, no proteins. No proteins, no DNA or RNA.

After proteins have been translated from RNA, chaperones help
them to rapidly fold into the right three-dimensional shapes. Without
the right shape, a protein cannot function properly. But chaperones are
made of protein. Once again, we have causal circularity. No chaperones,

no proteins. No proteins, no chaperones.

And it’s not just causally circular systems that require foresight. The
way bacteria cage and use poisonous hydrazine to convert nitrogenous
waste and replenish atmospheric nitrogen; the way Issus insects use pre-
cisely meshed gears to jump; the way the mantis shrimp stores up elastic
energy to power its remarkable strike while protecting its hands with
gloves; the way birds use quantum entanglement to sense the Earth'’s
magnetic field to navigate when they migrate; the coordination between
sperm and egg in human reproduction; the way the appendix functions

to replace beneficial bacteria in the digestive system after diarrhea; the
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integrated complexity involved in the senses of sight, smell, and pain: All

of these point to the need for foresight.

Blind Man’s Bluff

IN THE opening chapter I mentioned that evolutionists have made addi-
tions and other adjustments to Neo-Darwinism’s central mechanism of
random genetic mutations and natural selection. Some have gone so far
down this path as to give up on the modern Neo-Darwinian synthesis
even while clinging to the hope that some purely blind, materialistic ver-
sion of evolution can be developed. The ongoing search for such an alter-
native to Neo-Darwinism was the subject of 2 2016 meeting of the Royal
Society of London, which included several distinguished evolutionists.
The various proposals to salvage evolutionary theory—some more fash-
ionable and some less—include punctuated equilibrium, neutral evo-
lution (non-adaptive evolution), evolutionary developmental biology
(evo-devo), self-organization, epigenetic inheritance, and natural genetic
engineering, Big claims are made for each of these and other versions of
blind evolution, but in the end those claims, while undoubtedly believed
sincerely by their proponents, have little more substance than a bluff.

Each has serious shortcomings as a substitute for foresight and planning,

Punctuated equilibrium, for example, attempts to explain why we
see few transitional fossils in the fossil record from one animal form to
a fundamentally different animal form, but it offers no credible mecha-
nism for the geologically rapid evolution of new forms. Indeed, whatever
challenges that traditional Neo-Darwinism faces in this regard, punctu-
ated equilibrium faces them in intensified form, since it has less geologi-

cal time to build new form.

Neutral evolution de-emphasizes the role of natural selection and
focuses on mutations that, at least for a long time, would have been neu-
tral or even deleterious in terms of fitness. The idea is that such mu-
tations might predominate in small populations of, say, animals. The
benefit of this approach is that evolutionists no longer have to envision

a series of functionally advantageous steps from some starting point to
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the evolution of some new molecular machine, organ, or organism. But
that benefit comes at an enormous cost, a cost its proponents tend to

overlook.

Stephen Meyer, in discussing work on neutral evolution by Michael
Lynch and Adam Abegg, explains with an illustration of a man dropped
into a vast but happily predator-free body of water. (The lack of any pred-
ators in the analogy mirrors neutral evolution’s de-emphasis on natural
selection.) The man in the water just has to swim to a ladder somewhere
in that vast body of water and climb out. The catch is that he’s blind-
folded and has no idea where the ladder is. Now, as Meyer points out, if
you tried to estimate how long it would take him to reach the ladder by
calculating a fairly direct line between man and ladder, you'd come up
with “a fantastically optimistic estimate of the severity of the problem
facing our unfortunate swimmer,” because a straight line obscures the
key problem the swimmer faces, namely that he has no clue where the
ladder is, nor any way to gauge whether he’s getting closer to or further

from the ladder at any given moment. Meyer continues:

Thus, any realistic estimate of how long it will actually take him to
swim to the ladder—as opposed to an estimate of the theoretically fast-
est route possible—must take into account his probably aimless wan-
dering, fits and starts, swimming in circles and drifting in various di-
rections. Similarly Lynch and Abegg fail to reckon in their calculation
on the random, undirected, and, literally, aimless nature of the mecha-
nism that they propose. Instead, they mistakenly assume that neutral
processes of evolution will make a beeline for some specific complex
adaption. In fact, these processes will—in all probability—also wander
aimlessly in a vast sequence space of neutral, functionless possibilities
with nothing to direct them, or preserve them in any forward progress
they happen to make, toward the rare and isolated islands of function
represented by complex adaptations. For this reason, Lynch vastly un-
derestimates the waiting times required to generate complex adapta-
tions and, therefore, does not solve the problem of the origin of genes
and proteins or any other complex adaptation.?
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There is another problem. Not only is the neutral-evolution swim-
mer blindfolded, ignorant of where he needs to go, and without any de-
sire to get there; there are other exits from this great body of water that
lead to his destruction, or at least to a lost limb. That’s because evolution
does not go in one direction only. Mutations can break things much more
easily than they can make them. Worse, this tendency for mutations to
break will not politely sit on hold while neutral evolution casts about

blindly for a mutation or series of mutations that build something new.

True, sometimes these devolutionary breaks lead to niche advantag-
es, as Michael Behe discusses in his book Darwin Devolves. But as Behe
also notes, no new molecular machinery has been built in such cases,
and it’s precisely the origin of new molecular machinery and informa-
tion that any evolutionary account of the diversification of life needs to

account for, neutral or otherwise.?

The other alternative evolutionary proposals face similarly devastat-
ing shortcomings.* What they all lack is the secret sauce in every great

engineering success—foresight, ingenuity, and planning,

The Foresight-or-Death Principle

THE NEED to anticipate—to look into the future, predict potentially fa-
tal problems with the plan, and solve them ahead of time—is observable
all around us. It is clear from the many examples in this book that life is
full of solutions whose need had to be predicted to avoid various dead-
ends. Put another way, many biological functions and systems required
planning to work. These features speak strongly against modern evolu-

tionary theory in all its forms, which remains wedded to blind processes.

Also, as we saw in Chapter 2, the evidence of foresight in nature is
not limited to examples from the life sciences. As we investigated Earth
and the cosmos, we saw how it appears that an ingenious mind antici-
pated and steered around a host of potential dead-ends, in everything
from physics and cosmology to chemistry and geology, situations that

otherwise would have made life impossible.
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No foresight, no life: In this book we have examined many instances
that manifest this principle. And these barely scratch the surface. The
many examples of solutions that anticipated problems before they arose,
the ingenuity evident in those solutions, and the need for the orches-
trated, simultaneous delivery of multiple, fully functioning components
right from the beginning of a given system, pose a significant challenge
to blind evolution. And not just blind evolution but the materialism that
undergirds it, for foresight requires something more than matter in mo-

tion. Foresight is a hallmark of mind.

Foresight and Intelligence

WE HUMANS have thrived on Earth thanks to many of our unique abili-
ties. We reason, possess the power of speech, craft sophisticated tools,
grow crops, and breed livestock. We fly airplanes and spaceships and
go deep into the oceans with submarines. We write software that com-
mands mobile phones and robots. We synthesize polymers to make
clothes, and drugs to cure us from pathologies. We sing, compose songs

and plays, and much more.

What most sets us apart in the animal kingdom, then, is not some-
thing mechanical or material; rather, it is our minds. With our minds we
can study the past, comprehend the present, and anticipate the future to
a degree unparalleled in the animal kingdom. We, more than any other

animal, foresee.

And yet, as we have witnessed throughout this book, acts of extraor-
dinary foresight are evident throughout the natural world—in every-
thing from cell membranes to the mechanisms of bird migration. And
these examples far exceed in sophistication any examples of engineering

foresight that we could point to in human culture.
Where does this evidence invite us? Let's take the case for foresight

in nature in steps:

1. 'We see many examples of apparent foresight in the natural

world—of problems being anticipated before they arose, and
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ingeniously solved with on-time delivery of multiple, essential,
and well-orchestrated parts.

2. We know from our uniform experience that the ability to an-
ticipate and solve such problems is a characteristic of intelligent
minds,

3. There are no demonstrated examples of unguided, mindless
processes anticipating and solving problems that require a
sophisticated orchestration of fine-tuned parts, all brought
together on the ground floor of an origin event. Hand-waving
references to cases that are assumed rather than demonstrated
do not count. Neither do arguments based on question-
begging logic—e.g,, “Common features must mean common
descent” and “Common descent must mean blind evolution.”

4, 'Therefore, our uniform experience provides us with only one
type of cause with the demonstrated capacity to anticipate and
solve such problems—intelligent design.

5. Intelligent design thus represents the best and, indeed, the only
causally adequate explanation for the many examples of appar-
ent foresight in the natural world, of situations where problems
are ingeniously solved with on-time delivery of multiple, es-
sential, and well-orchestrated parts. The foresight is not merely

apparent, but real.

This isn't to say that there were no secondary causes in action, that
nothing unfolded from law-like patterns and pre-existing conditions.
Being open to the evidence of foresight leaves us open to consider both
primary and secondary means. In each case under consideration we can
simply follow the evidence rather than being constrained by a question-

begging rule.

And whether the evidence points to primary causation, secondary
causation, or a combination, it still follows that a mind was required

to foresee the many potential dead-ends and escape them. Life and the
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universe are full of these clever escapes, ingenious solutions that speak

strongly in favor of intelligent design.

Something More

I REMEMBER one dark night in a countryside fishing cottage in the city
of Santa Fé do Sul, in Brazil. It was a clear night, and far enough from
a large city that I saw, for the first time, the great spectacle that is the
moonless night sky undimmed by urban light pollution—a vast multi-

tude of sparkling stars.

I then asked myself, “Who made all of these uncountable stars and
put them up there?” The impulse to attribute these wonders to someone
is strong and nearly universal. But these days, that impulse is severely

frowned upon.

But did the universe simply pop into existence out of nothing? No?
Well, then, did a magical multiverse-generating machine pop out of
nothing, itself fine-tuned to occasionally generate habitable universes?
And whether we start with our universe or an imagined multiverse, did
the fine-tuning of the laws and constants of nature just pop into exis-
tence?—lucky us! And from there did everything just blindly evolve
right up to the first life on Earth—the first cell randomly bubbling up
from some primordial soup? And from there the first multi-celled life,

the first plants and animals, the first primates, the first human beings?
This is the atheist’s creation story.

I must confess, as a chemist, I have too little faith to believe in such

a religion.

We witness the beauty and intricacy of life on planet Earth, we be-
hold the many amazing features that appear so carefully planned, and
we are asked to believe that these wonders stumbled blindly out of the
cold void, only to return to it one day. Is it true, as Carl Sagan intoned in
priestly cadences at the beginning of his popular PBS series, “The Cos-

mos is all that is or was or ever will be”?

Or is there something more?
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Despite the wonders around us, for more than a century and a half
many scientists have been convinced that the answers to such ultimate
questions have been found, and that the marvels of the natural world are
all due, as evolutionary biologist Francisco Ayala put it, to “chance and
necessity jointly intricated in the stuff of life; randomness and determin-
ism interlocked in a natural process that has spurted the most complex,
diverse, and beautiful entities in the universe: the organisms that popu-

late the earth, including humans who think and love.”

On this view, evolution provided design without a designer. We see
evidence of purposive design in the universe and in us, but we are sup-
posed to believe that this is just an illusion, and that, in reality, a process
unguided by anything except the laws and constants of nature slowly
formed all we know—the universe, the stars, the ocean, the sky and
clouds, RNA and DNA, ribosomes, bacteria, fish, birds, chimpanzees,

and us.
So we are told.

Sadly, this story has constrained science, narrowed our horizons,

and deadened our wonder.

But happily, some fresh air has finally slipped onto the scene. The
evidence of foresight and design in nature is growing progressively more
apparent as we pursue scientific discovery. And unlike materialistic phi-
losophy, an openness to the evidence for intelligent design broadens the

horizons of science.

This book has described many clever mechanisms of life. But they
are not merely clever. They are not just advantages that could have been
acquired over eons of time through an evolutionary process; they are
“primordial musts,” features needed from the start for the organisms
possessing them to survive and thrive. In each case, these solutions ap-
pear for all the world to have been planned in advance and present from

the moment of take-off.
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Modern evolutionary theory has little to offer in terms of explaining
this no foresight, no life principle, since what is needed is anticipation and

planning, and such activity is unique to minds.

After a long night of naturalism clamping down on scientific in-
quiry, the windows have been thrown open, questions new and old are
being asked, and many of us find ourselves involved in a vigorous debate.
Very good! Let the dogmas and suppression tactics retreat. We have two
primary theories for our origins. Let the contenders stand up; let the
evidence be presented; and let’s deliberate and debate in a spirit of good

will and fair play. May the theory that best explains the evidence win.

Such an open pursuit of the truth is, after all, a key element of what
makes science exciting and fulfilling. I, for one, am glad to be living now,

with new ideas, discoveries, and debates to enjoy.

What will be the outcome? I cannot say how quickly other scientists
will be willing to follow the evidence where it leads, but I do know that
those of us willing to heed the evidence of foresight in nature are partici-
pating in an intellectually fascinating and exciting scientific revolution.
Powered by new tools of investigation and fresh discoveries about the
world, this revolution is enriched by the revival of an idea with a royal
pedigree: design. The fathers of modern science—Copernicus, Galileo,
Kepler, Newton, Boyle, and many others—saw design in the universe
and, indeed, were inspired to discover the laws of nature because of their

belief in a transcendent law-giver.

As for that wondrous journey of discovery that they launched, there
seems to be no end in sight. Nobel laureate J. J. Thomson—one of the
giants of early modern physics, the discoverer of the electron, and the
father of mass spectrometry, my field of expertise—beautifully conveyed
this optimistic, open-ended view of science. I can think of no better

words for concluding a book about a world filled with evidence of fore-
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sight, words as true today as when Thomson penned them in the early

twentieth century:

The sum of knowledge is at present, at any rate, a diverging, not a con-
verging, series. As we conquer peak after peak we see in front of us
regions full of interest and beauty, but we do not see our goal, we do
not see the horizon; in the distance tower still higher peaks, which will
yield to those who ascend them still wider prospects, and deepen the

feeling, the truth of which is emphasized by every advance in science,
that “Great are the Works of the Lord.””
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