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"Bruce Lipton's book is the definitive summary of the new biology and
all it implies. Itis magnificent, profound beyond words, and a delight to
read. It synthesizes an encyclopedia of critical new information into a
brilliant yet simple package. These pages contain a genuine revolution in
thought and understanding, one so radical that it can change the world."
- Joseph Chilton Pearce, Ph.D.
Author of Magical Child and Evolution's End

"Bruce Lipton's delightfully-written The Biology of Belief is a much need-
ed antidote to the "bottom-up" materialism of today's society. The idea
that DNA encodes all of life's development is being successfully
employed in genetic engineering. At the same time, the shortfall of this
approach is becoming evident. The Biology of Belief is a review of a quar-
ter-century of pioneering results in Epigenetics, heralded by The Wall
Street Science Journal in mid-2004 as an important new field. Its personal
style makes it eminently readable and enjoyable."

- Karl H. Pribram, M.D., Ph.D., (Hon. Multi)

Professor Emeritus, Stanford University

"Dr. Lipton is a genius-his  breakthrough discoveries give us tools for
regaining the sovereignty over our lives. I recommend this book to any-
one who is ready and willing to take full responsibility for themselves
and the destiny of our planet."
- LeVar Burton
Actor and Director

"Bruce Lipton offers new insights and understanding into the interface
between biological organisms, the environment-and  the influence of
thought, perception and subconscious awareness - on the expression of
one's body healing potential. Well-referenced explanations and examples
make this book a refreshing 'must read' for the student of the biological,
social and health care sciences. Yet the clarity of the author's presenta-
tion makes it an enjoyable read for a general audience."
-Carl Cleveland III,D.C.
President, Cleveland Chiropractic College

"Dr. Lipton's revolutionary research has uncovered the missing connec-
tions between biology, psychology and spirituality. If you want to
understand the deepest mysteries of life, this is one of the most impor-
tant books you will ever read."
-Dennis Perman, D.C.
Co-Founder, The Master's Circle



"In this paradigm-busting book, Bruce Lipton delivers a TKO to Old
Biology. With a left to Darwinian dogma and a right to allopathic medi-
cine, he breaks out of the physicalist box into enlightenment on the
mind/body (belief/biology) system. Must read, much fun."
-Ralph Abraham, Ph.D.
Professor of Mathematics, University of California
Author of Chaos, Gaia, Eros

"Powerful! Elegant! Simple! In a style that is as accessible as it is mean-
ingful, Dr. Bruce Lipton offers nothing less than the long sought-after
"missing link" between life and consciousness. In doing so, he answers
the oldest questions, and solves the deepest mysteries, of our past. I have
no doubt that The Biology of Belief will become a cornerstone for the sci-
ence of the new millennium."
- Gregg Braden
Best-selling author of The God Code and The Isaiah Effect

"I finished reading this book with the same sense of profound respect I
have when I am with Bruce Lipton-that Ihave been touched by a revo-
lutionary sense of the truth. He is both a scientist and a philosopher; a
scientist in that he provides us with tools to alter cultural consciousness;
and a philosopher because he challenges our beliefs about the very
nature of our perceived reality. He is helping us create our own futures."
-Guy F.Riekeman, D.C.
President, Life University and College of Chiropractic

"The Biology of Belief is a milestone for evolving humanity. Dr. Bruce
Lipton has provided, through his amazing research and in, this inspir-
ing book, is a new, more awakened science of human growth and
transformation. Instead of being limited by the genetic or biological
constraints that humanity has been programmed to live by, humanity
now has before it a way of unleashing its true spiritual potential with
the help of simply transformed beliefs guided by 'the gentle and lov-
inghand of God." A definite must read for those dedicated to the
mind/body movement and to the true essence of healing."

- John F. Demartini, D.C.

Best-selling author of Count Your Blessings and
The Breakthrough Experience

"In a world of chaos, Dr. Lipton brings clarity to mankind. His work is
thought-provoking, insightful and will hopefully lead people to ask bet-
ter quality questions in their lives, and to make better decisions. One of
the most exciting books Ihave read, this is a 'must read'."
- Brian Kelly, D.C., President, New Zealand College of Chiropractic
President, Australian Spinal Research Foundation



"Finally, a compelling and easy-to-understand explanation of how your
emotions regulate your genetic expression! You need to read this book to
truly appreciate that you are not a victim to your genes but instead have
unlimited capacity to live a life overflowing with peace, happiness and
love."
- Joseph Mercola, D.o.
Founder of www.mercola.com, world's most visited natural health site

"This book is an absolute must read if you want to know, from a scien-
tific view point, that your lifestyle is in control of your health rather than
your genetics. From a scientific viewpoint, Lipton demonstrates that the
mind is more powerful than drugs to regain our health. The informa-
tion reveals that your health is more your responsibility than just being a
victim of your genes. When I started reading this book, I could not stop
until it was finished."
-M. T.Morter, Jr.,D.C.
Founder, Morter Health System,
Developer of the B.E.5.T.Technique

"This is a courageous and visionary book that provides solid evidence
from quantum biology to dispel the myth of genetic determinism - and
implicitly, victimhood. Dr. Bruce Lipton brings a solid scientific mind
to not only inform but to transform and empower the reader with the
realization that our beliefs create every aspect of our personal reality. A
provocative and inspiring read!"
- Lee Pulos, Ph.D., AB.P.P.
Professor Emeritus, University of British Columbia
Author of Miracles and Other Realities and Beyond Hypnosis

"History will record The Biology of Belief as one of the most important
writings of our times. Bruce Lipton has delivered the missing link
between the understandings of biomedicine of the past and the essentials
of energetic healing of the future. His complex insights are expressed
in areadily understandable fashion with a style that welcomes the sci-
entist and the non-scientist on an equal footing. For anyone interested
in health, the well-being of the species and the future of human life,
The Biology of Belief is a must-read. The implications of the perspectives
outlined have the potential to change the world as we know it. Bruce
Lipton's understandings-and his concise expression of them-are sheer
genius."
-Gerard W. Clum, D.C.
President, Life Chiropractic College West
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PROLOGUE

"If you could be anybody ..who would you be?" Iused to spend
an inordinate amount of time pondering that question. Iwas obsessed
with the fantasy that I could change my identity because I wanted to
be anybody but me. I had a good career as a cell biologist and medical
school professor, but that didn't make up for the fact that my person-
allife was at best, a shambles. The harder Itried to find happiness and
satisfaction in my personal life, the more dissatisfied and unhappy I
became. In my more reflective moments, Iresolved to surrender to my
unhappy life. I decided that fate had dealt me a bad hand and I should

simply make the best of it. A victim of life. Que sera, sera.

My depressed, fatalistic attitude changed in one transformational
moment in the fall of 1985. I had resigned my tenured position at the
University of Wisconsin's School of Medicine and was teaching at an
offshore medical school in the Caribbean. Because the school was so
far out of the academic mainstream, Istarted thinking outside the rigid
parameters of belief that prevail in conventional academia. Far from
those ivory towers, isolated on an emerald island in the deep azure
Caribbean Sea, I experienced a scientific epiphany that shattered my
beliefs about the nature of life.

My life-changing moment occurred while I was reviewing
research on the mechanisms by which cells control their physiology
and behavior. Suddenly Irealized that a cell's life is controlled by the
physical and energetic environment and not by its genes. Genes are
simply molecular blueprints used in the construction of cells, tissues
and organs. The environment serves as a "contractor" who reads and
engages those genetic blueprints and is ultimately responsible for the
character of a cell's life. Itis a single cell's" awareness" of the environ-

ment, not its genes, that sets into motion the mechanisms of life.

As a cell biologist Iknew that my insights had powerful ramifica-
tions for my life and the lives of all human beings. I was acutely aware

that every human being is made up of approximately fifty trillion sin-
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gle cells. I had devoted my professional life to better understanding

single cells because I knew then, and know now, that the better we
understand single cells the better we can understand the community
of cells that comprise each human body. Iknew that if single cells are
controlled by their awareness of the environment so too are we tril-
lion-celled human beings. Just like a single cell, the character of our
lives is determined not by our genes but by our responses to the envi-
ronmental signals that propel life.

On the one hand my new understanding of the nature of life was
a jolt. For close to two decades I had been programming biology's
Central Dogma-the  belief that life is controlled by genes-into  the
minds of medical students. On the other hand, on an intuitive level my
new understanding was not a complete surprise. Ihad always had nig-
gling doubts about genetic determinism. Some of those doubts
stemmed from my eighteen years of government-funded research on
cloned stem cells. Though it took a sojourn outside of traditional acad-
emia for me to fully realize it, my research offers incontrovertible
proof that biology's most cherished tenets regarding genetic deter-

minism are fundamentally flawed.

My new understanding of the nature of life not only corroborated
my research, but also, I realized, contradicted another belief of main-
stream science that I had been propounding to my students - the belief
that allopathic medicine is the only kind of medicine that merits con-
sideration in medical school. By finally giving the energy-based envi-
ronment its due, it provided the foundation for the science and
philosophy of complementary medicine and the spiritual wisdom of

ancient and modern faiths as well as for allopathic medicine.

On a personal level, [ knew at the moment of insight that Thad got-
ten myself stuck because I falsely believed that I was fated to have a
spectacularly unsuccessful personal life. There is no doubt that human
beings have a great capacity for sticking to false beliefs with great pas-
sion and tenacity and hyper-rational scientists are not immune. Our
well-developed nervous systems headed by our big brains means that

our awareness is more complicated than single cells. When our
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uniquely human minds get involved we can choose to perceive the
environment in different ways, unlike single cells whose awareness is

more reflexive.

I was exhilarated by new realization that I could change the char-
acter of my life by changing my beliefs. 1 was instantly energized
because I realized that there was a science-based path that would take
me from my job as a perennial "victim" to my new job as "co-creator"

of my destiny.

Ithas been twenty years since that magical night in the Caribbean
when I had my life-changing moment of insight. In those years, bio-
logical research has continued to corroborate the knowledge I gained
on that early morning in the Caribbean. We are living in exciting times,
for science is in the process of shattering old myths and rewriting a
fundamental  belief of human civilization. The belief that we are frail bio-
chemical machines controlled by genes is giving way to an under-
standing that we are powerful creators of our lives and the world in

which we live.

For two decades Ihave been passing on this paradigm-busting  sci-
entific information to hundreds of audiences throughout the United
States, Canada, Australia and New Zealand. The response by people
who have, like me, made use of this knowledge in rewriting the scripts
of their lives has brought great joy and satisfaction into my life. As we
all know, knowledge is power and consequently, knowledge of self
provides self-empowerment.

Now I offer this empowering information to you in The Biology of
Belief 1tis my sincerest hope that you will recognize that many of the
beliefs that propel your life are false and self-limiting and that you will
be inspired to change those beliefs. You can take back control of your
life and set out on the road to health and happiness.

This information is powerful. Iknow it is. The life T have created
using this information is so much richer and satisfying, Ino longer ask
myself: "If Tcould be anybody, who would Ibe?" For now, the answer

is a no-brainer. I want to be me!
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INTRODUCTION

The Magic of Cells

Iwas seven years old when I stepped up onto a small box in Mrs.
Novak's second grade classroom, high enough to plop my eye right
onto the lens and eyepiece of a microscope. Alas, I was too close to see
anything but a blob of light. Finally I calmed down enough to listen to
instructions to back off from the eyepiece. And then it happened, an
event so dramatic that it would set the course for the rest of my life. A
paramecium swam into the field. I was mesmerized. The raucous din
of the other kids faded, as did the back-to-school smells of freshly
sharpened pencils, new waxy crayons and plastic Roy Rogers pencil
cases. My whole being was transfixed by the alien world of this cell
that for me was more exciting than today's computer-animated special

effects movies.

In the innocence of my child mind, I saw this organism not as a
cell, but as a microscopic person, a thinking, sentient being. Rather
than aimlessly moving around, this microscopic, single-celled organ-
ism appeared to me to be on a mission, though what kind of mission I
didn't know. I quietly watched over the paramecium's "shoulder" as
it busily comported itself in and around the algal mat. While I was
focusing on the paramecium, a large pseudopod of a gangly amoeba
began to ooze into the field.

Just then my visit to this Lilliputian world ended abruptly when
Glenn, the class bully, yanked me off the step and demanded his turn
at the microscope. I tried to get Mrs. Novak's attention, hoping that
Glenn's personal foul would get me another minute at the microscope
free-throw line. But it was just minutes before lunch time and the other
kids in line were clamoring for their turn. Immediately after school, I
ran home and excitedly relayed my microscopic adventure to my
mother. Using my best second-grade powers of persuasion, I asked,
then begged, then cajoled my mother into getting me a microscope,
where I would spend hours mesmerized by this alien world that I

could access via the miracle of optics.
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Later, in graduate school, I advanced to an electron microscope.
The advantage of an electron microscope over a conventional light
microscope is that it is a thousand times more powerful. The difference
between the two microscopes is analogous to the difference between
the 25<lobservation telescopes used by tourists to observe scenic vistas
and the orbiting Hubble telescope that transmits images of deep space.
Entering the electron microscopy suite of a laboratory is a rite of pas-
sage for aspiring biologists. You enter through a black revolving door,
similar to the ones separating photographic darkrooms from illumi-

nated work areas.

I remember the first time I stepped into the revolving door and
began to turn it. I was in darkness between two worlds, my life as a
student and my future life as a research scientist. When the door com-
pleted its rotation, I was deposited into a large, dark chamber, dimly
lit by several red photographic safelights. As my eyes adapted to the
available light I gradually became awed by what stood before me. The
red lights were reflecting eerily off the mirrored surface of a massive,
foot-thick chromium steel column of electromagnetic lenses that rose
to the ceiling in the center of the room. Spreading out on either side at
the base of the column was alarge control console. The console resem-
bled the instrument panels of a Boeing 747, filled with switches, illu-
minated gauges and multicolored indicator lamps. Large tentacle-like
arrays of thick power cords, water hoses and vacuum lines radiated
from the base of the microscope like tap roots at the base of an old oak
tree. The sound of clanking vacuum pumps and the whir of refrigerat-
ed water recirculators filled the air. For all I knew, Ihad just emerged
on to the command deck of the U.S.S. Enterprise. Apparently, it was
Captain Kirk's day off, for sitting at the console was one of my profes-
sors, who was engaged in the elaborate procedure of introducing a tis-
sue specimen into a high-vacuum chamber in the middle of the steel
column.

While the minutes passed, I experienced a feeling reminiscent of
that day in second grade when I first saw a cell. Finally, a green fluo-
rescent image appeared on the phosphor screen. The presence of dark-
ly stained cells could barely be discerned in the plastic sections, which
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were enlarged to about thirty times their original size. Then the mag-
nification was increased, one step at atime. First 100X, then 1000X, and
then 10,000X.When we finally hit warp drive, the cells were magnified
to over 100,000 times their original size. It was indeed Star Trek, but
rather than entering outer space we were going deep into inner space
where "no man has gone before." One moment I was observing a
miniature cell and seconds later I was flying deep into its molecular

architecture.

My awe at being at the edge of this scientific frontier was palpable.
So was my excitement when I was made honorary co-pilot. I put my
hands on the controls so that Icould "fly" over this alien cellular land-
scape. My professor was my tour guide, pointing out notable land-
marks: "Here's a mitochondrion, there's the Golgi body, over there is

a nuclear pore, this is a collagen molecule, that's a ribosome."

Most of the rush Iexperienced came from my vision of myself as a
pioneer, traversing territory that had never been seen by human eyes.
While the light microscope gave me an awareness of cells as sentient
creatures, it was the electron microscope that brought me face to face
with the molecules that were the very foundation of life itself. T knew
that buried within the cytoarchitecture of the cell were clues that would
provide insight into the mysteries of life.

For a brief moment, the microscope's portholes became a crystal
ball; in the eerie green glow of its fluorescent screen Isaw my future. I
knew Iwas going to be a cellular biologist whose research would focus
on scrutinizing every nuance of the cell's ultrastructure to gain
insights into the secrets of cellular life. As I had learned early on in
graduate school, the structure and function of biological organisms are
intimately intertwined. By correlating the cell's microscopic anatomy
with its behavior, I was sure to gain insight into the nature of Nature.
Throughout graduate school, postdoctoral research and into my career
as a medical school professor, my waking hours were consumed by
explorations into the cell's molecular anatomy. For locked within the

cell's structure were the secrets of its functions.

My exploration of the" secrets of life" led me into a research career

studying the character of cloned human cells grown in tissue culture.
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Ten years after my first close encounter with an EM, I was a tenured
faculty member at the prestigious University of Wisconsin School of
Medicine, internationally recognized for my research on cloned stem
cells and honored for my teaching skills. I had graduated to more
powerful electron microscopes that allowed me to take three-dimen-
sional CAT scan-like rides through organisms where I came face to
face with the molecules that are the very foundation of life itself.
Though my tools were more sophisticated, my approach hadn't
changed. I had never lost my seven-year-old conviction that the lives
of the cells I studied had purpose.

Unfortunately, I had no such conviction that my own life had a
purpose. I didn't believe in God, though I confess that on occasion I
entertained the notion of a God who ruled with an extremely honed
sense of perverse humor. I was after all a traditional biologist for
whom God's existence is an unnecessary question: life is the conse-
quence of blind chance, the flip of a friendly card or, to be more pre-
cise, the random shake of genetic dice. The motto of our profession
since the time of Charles Darwin, has been, "God? We don't need no
steenking God!"

It's not that Darwin denied the existence of God. He simply
implied that chance, not Divine intervention, was responsible for the
character of life on Earth. In his 1859 book, The Origin of Species,
Darwin said that individual traits are passed from parents to their chil-
dren. He suggested that "hereditary factors" passed from parent to
child control the characteristics of an individual' s life. That bit of
insight set scientists off on a frenzied attempt to dissect life down to its
molecular nuts and bolts, for within the structure of the cell was to be
found the heredity mechanism that controlled life.

The search came to a remarkable end 50 years ago when James
Watson and Francis Crick described the structure and function of the
DNA double helix, the material of which genes are made. Scientists
finally figured out the nature of the "hereditary factors" that Darwin
had written about in the 19th century. The tabloids heralded the brave
new world of genetic engineering with its promise of designer babies
and magic bullet medical treatments. I vividly remember the large
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block print headlines that filled the front page on that memorable day
in 1953: "Secret of Life Discovered".

Like the tabloids, biologists jumped on the gene bandwagon. The
mechanism by which DNA controls biological life became the Central
Dogma of molecular biology, painstakingly spelled out in textbooks.
In the long-running debate over nature v. nurture, the pendulum
swung decidedly to nature. At first DNA was thought to be responsi-
ble only for our physical characteristics, but then we started believing
that our genes control our emotions and behaviors as well. So if you
are born with a defective happiness gene, you can expect to have an
unhappy life.

Unfortunately, Ithought I was one of those people victimized by a
missing or mutant happiness gene. [ was reeling from a relentless bar-
rage of debilitating emotional roundhouse punches. My father had just
died after a long, pain-fraught battle with cancer. I was his principal
caretaker and had spent the previous four months flying back and
forth between my job in Wisconsin and his home in New York every
three or four days. In between stays at his deathbed, I was trying to
maintain a research program, teach, and write a major grant renewal
for the National Institutes of Health.

To further compound my stress levels, I was in the midst of an
emotionally draining and economically devastating divorce. My finan-
cial resources were rapidly depleted as I tried to feed and clothe my
new dependents, the judicial system. Economically challenged and
homeless, Ifound myself living pretty much out of a suitcase in a most
abysmal "garden" apartment complex. Most of my neighbors were
hoping to "upgrade" their living standards by seeking accommoda-
tions in trailer parks. I was particularly scared of my next-door neigh-
bors. My apartment was broken into and my new stereo system was
stolen in my first week of residence. A week later, six-foot tall, three-
foot wide Bubba knocked on my door. Holding a quart of beer in one
hand and picking his teeth with a ten-penny nail held in the other,
Bubba wanted to know if I had the directions for the tape deck.

The nadir was the day Ithrew the phone through the glass door of
my office, shattering the "Bruce H. Lipton, Ph.D. Associate Professor
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of Anatomy, U.W. School of Medicine" sign, all the while screaming
"Get me out of here!" My meltdown was precipitated by a phone call
from a banker, who politely but firmly told me he couldn't approve
my mortgage application. It was like the scene from "Terms of
Endearment" when Debra Winger aptly responds to her husband's
hopes for tenure: "We don't have enough money to pay the bills now.

All tenure means is we won't have enough money forever!"

The Magic of Cells-Deja Vu

Luckily, I found an escape in the form of a short-term sabbatical at
a medical school in the Caribbean. Iknew all my problems would not
disappear there, but as the jet broke through the gray cloud cover
above Chicago, it felt that way. I bit the inside of my cheek to prevent
the smile on my face from evolving into audible laughter. I felt as joy-
ful as my seven-year-old self, first discovering my life's passion, the
magic of cells.

My mood lifted even more on the six-passenger commuter plane
that took me to Montserrat, a mere four by twelve mile dot in the
Caribbean Sea. If there ever was a Garden of Eden, it probably would
have resembled my new island home, erupting out of the sparkling
aquamarine sea like a giant multifaceted emerald. When we landed,
the gardenia-laced balmy breezes that swept the airport's tarmac were

intoxicating.

The native custom was to dedicate the sunset period as a time of
quiet contemplation, a custom Ireadily adopted. As each day wound
down, Ilooked forward to the heavenly light show. My house, situat-
ed on a cliff fifty feet above the ocean, faced due west. A winding path
through a tree-covered fern grotto led me down to the water. At the
bottom of the grotto, an opening through a wall of jasmine bushes
revealed a secluded beach, where I enhanced the sunset ritual by
washing away the day with a few "laps" in the warm, gin-clear water.
After my swim, I would mold the beach sand into a comfortable
recliner, sit back, and watch the sun set slowly into the sea.

On that remote island I was out of the rat race and free to see the

world without the blinders of civilization's dogmatic beliefs. At first
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my mind was constantly reviewing and critiquing the debacle that
was my life. But soon my mental Siskel and Ebert ceased their thumbs
up/ thumbs down review of my forty years. I began to re-experience
what it was like to live in the moment and for the moment. To became
reacquainted with sensations last experienced as a carefree child. To
again feel the pleasure of being alive.

I became more human and more humane while living in that
island paradise. I also became a better cell biologist. Almost all of my
formal scientific training was in sterile, lifeless classrooms, lecture
halls and laboratories. However, once I was immersed in the
Caribbean's rich ecosystem, I began to appreciate biology as a living,
breathing integrated system rather than a collection of individual
species sharing a piece of the earth's turf.

Sitting quietly within garden-like island jungles and snorkeling
among the jeweled coral reefs gave me a window into the island's
amazing integration of plant and animal species. All live in a delicate,
dynamic balance, not only with other life forms, but with the physical
environment as well. It was life's harmony-not life's struggle-that
sang out to me as I sat in the Caribbean Garden of Eden. I became con-
vinced that contemporary biology pays too little attention to the
important role of cooperation, because its Darwinian roots emphasize

life's competitive nature.

To the chagrin of my U.S. faculty colleagues, I returned to
Wisconsin a screaming radical bent on challenging the sacred founda-
tional beliefs of biology. I even began to openly criticize Charles
Darwin and the wisdom of his theory of evolution. In the eyes of most
other biologists, my behavior was tantamount to a priest bursting into
the Vatican and claiming the Pope was a fraud.

My colleagues could be forgiven for thinking a coconut had hit me
on the head when I quit my tenured position and, fulfilling my life's
dream to be in a rock In' roll band, took off on a music tour. I discov-
ered Yanni, who eventually became a big celebrity, and produced a
laser show with him. But it soon became clear that I had a lot more
aptitude for teaching and research than I did for producing rock 'n'

roll shows. I wound down my midlife crisis, which I'll describe in
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more agonizing detail in a later chapter, by giving up the music busi-

ness and returning to the Caribbean to teach cell biology again.

My final stop in conventional academia was at Stanford
University's School of Medicine. By that time I was an unabashed pro-
ponent of a "new" biology. I had come to question not only Darwin's
dog-eat-dog version of evolution, but also biology's Central Dogma,
the premise that genes control life. That scientific premise has one
major flaw - genes cannot turn themselves on or off. In more scientif-
ic terms, genes are not "self-emergent." Something in the environment
has to trigger gene activity. Though that fact had already been estab-
lished by frontier science, conventional scientists blinded by genetic
dogma had simply ignored it. My outspoken challenge of the Central
Dogma turned me into even more of a scientific heretic. Not only was
I a candidate for excommunication, I was now suitable for burning at
the stake!

In a lecture during my interview at Stanford, Ifound myself accus-
ing the gathered faculty, many of them internationally recognized
geneticists, of being no better than religious fundamentalists for adher-
ing to the Central Dogma despite evidence to the contrary. After my
sacrilegious comments, the lecture room erupted into shouts of out-
rage that I thought meant the end of my job application. Instead, my
insights concerning the mechanics of a new biology proved to be
provocative enough to get me hired. With the support of some emi-
nent scientists at Stanford, especially from the Pathology
Department's chairman, Dr. Klaus Bensch, I was encouraged to pursue
my ideas and apply them to research on cloned human cells. To the
surprise of those around me, the experiments fully supported the
alternative view of biology that I was postulating. I published two
papers based on this research and left academia, this time for good.
[Lipton, et al, 1991, 1992]

I left because, despite the support I got at Stanford, I felt that my
message was falling on deaf ears. Since my departure, new research
has consistently validated my skepticism about the Central Dogma
and the primacy of DNA in controlling life. In fact, epigenetics, the

study of the molecular mechanisms by which environment controls
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gene activity, is today one of the most active areas of scientific
research. The newly emphasized role of the environment in regulating
gene activity was the focus of my cell research twenty-five years ago,
long before the field of epigenetics was even established. [Lipton
1977a, 1977b] While that is gratifying for me intellectually, Iknow that
if I were teaching and researching in a medical school, my colleagues
would still be wondering about those coconuts, because in the last
decade Ihave become even more of aradical by academia's standards.
My preoccupation with a new biology has become more than an intel-
lectual exercise. I believe that cells teach us not only about the mecha-

nisms of life, but also teach us how to live rich, full lives.

In ivory tower science that kind of thinking would no doubt win
me the wacky Dr. Dolittle award for anthropomorphism or more pre-
cisely cytopomorphism - thinking like a cell, but for me it is Biology
101. You may consider yourself an individual, but as a cell biologist I
can tell you that you are in truth a cooperative community of approx-
imately 50 trillion single-celled citizens. Almost all of the cells that
make up your body are amoeba-like, individual organisms that have
evolved a cooperative strategy for their mutual survival. Reduced to
basic terms, human beings are simply the consequence of "collective
amoebic consciousness." As a nation reflects the traits of its citizens, our

human-ness must reflect the basic nature of our cellular communities.

Living the Lessons of Cells

Using these cell communities as role models, Icame to the conclu-
sion that we are not victims of our genes, but masters of our fates, able
to create lives overflowing with peace, happiness and love. Itested my
hypothesis in my own life after a nudge from my audiences, who
asked me why my insights hadn't made me any happier. They were
right: Ineeded to integrate my new biological awareness into my daily
life. [ knew Ihad succeeded when, on a bright Sunday morning in the
Big Easy, a coffee shop waitress asked me: "Honey, you are the hap-
piest person I ever did see. Tell me child, why are you so happy?" 1
was taken aback by her question, but nevertheless I blurted out: "I'm

in Heaven!" The waitress shook her head from side to side mumbling
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"My, my" and then proceeded to take my breakfast order. Well, it was
true. I was happy, happier than Ihad ever been in my life.

A number of you critical readers may rightly be skeptical of my
claim that Earth is Heaven. For by definition Heaven is also the abode
of the Deity and the blessed dead. Did Ireally think that New Orleans,
or any other major city, could be part of Heaven? Ragged homeless
women and children living in alleys; air so thick that one would never
know if stars really existed; river and lakes so polluted that only
unimaginable "scary" life forms could exist in them. This Earth is
Heaven? The Deity lives here? He knows the Deity?

The answers to those questions are: Yes, yes, and I believe I do.
Well, to be completely honest, I must admit that I don't know all of the
Deity personally, for I don't know all of you. For God's sake there are
over six billion of YOU. And to be more fully honest, I don't really
know all of the members of the plant and animal kingdom either,
though Ibelieve they also comprise God.

In the immortal words of Tool Time's Tim Taylor, "Baaaaack the
truck up! Is he saying that humans are God?"

Well ...yes I am. Of course I am not the first to have said that. Itis
written in Genesis that we are made in the image of God. Yes, this
card-carrying rationalist is now quoting Jesus, Buddha and Rumi. I
have come full circle from a reductionist, scientific take on life to a spir-
itual one. We are made in the image of God and we need to put Spirit
back into the equation when we want to improve our physical and our
mental health.

Because we are not powerless biochemical machines, popping a
pill every time we are mentally or physically out of tune is not the
answer. Drugs and surgery are powerful tools, when they are not
overused, but the notion of simple drug fixes is fundamentally flawed.
Every time a drug is introduced into the body to correct function A, it
inevitably throws off function B, Cor D. Itis not gene-directed hor-
mones and neurotransmitters that control our bodies and our minds;
our beliefs control our bodies, our minds and thus our lives ...Oh ye of
little belief!
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The Light Outside of the Box

In this book Iwill draw the proverbial line in the sand. On one side
of the line is a world defined by neo-Darwinism, which casts life as an
unending war among battling, biochemical robots. On the other side
of the line is the "New Biology," which casts life as a cooperative jour-
ney among powerful individuals who can program themselves to cre-
ate joy-filled lives. When we cross that line and truly understand the
New Biology, we will no longer fractiously debate the role of nurture
and nature, because we will realize that the fully conscious mind
trumps both nature and nurture. And Ibelieve we will also experience
as profound a paradigmatic change to humanity as when a round-

world reality was introduced to a flat-world civilization.

Humanities' majors, who may be worried that this book offers an
incomprehensible  science lecture, have no fear. When I was an acade-
mic, I chafed at the three-piece, itchy suit, the constricting tie, the wing
tip shoes, and the interminable meetings, but I loved to teach. And in
my post-academia life, I've gotten plenty of teaching practice; I have
presented the principles of the New Biology to thousands of people all
around the world. Through those lectures, I have honed my presenta-
tion of the science into easy-to-understand  English illustrated by col-

orful charts, many of which are replicated in this book.

In Chapter 1,1 discuss" smart" cells and why and how they can
teach us so much about our own minds and bodies. In Chapter 2,1 lay
out the scientific evidence to show you genes do not control biology. I
also introduce you to the exciting discoveries of epigenetics, a new
field of biology that is unraveling the mysteries of how the environ-
ment (nature) influences the behavior of cells without changing the
genetic code. Itis a field that is uncovering new complexities in the

nature of disease, including cancer and schizophrenia.

Chapter 3 is about the cell's membrane, the . skin" of the cell. You
no doubt have heard more about the DNA-containing nucleus of the
cell than you have about its membrane. But frontier science is reveal-
ing in ever greater detail what Iconcluded over twenty years ago, that

the membrane is the true brain of the cellular operation. In Chapter 4,
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I talk about the mind-bending discoveries of quantum physics. Those
discoveries have profound implications for understanding and treat-
ing disease. However, the conventional medical establishment has not
yet incorporated quantum physics into its research or medical school

training, with tragic results.

In Chapter 5,1 explain why Inamed this book The Biology of Belief
Positive thoughts have a profound effect on behavior and genes, but
only when they are in harmony with subconscious programming. And
negative thoughts have an equally powerful effect. When we recog-
nize how these positive and negative beliefs control our biology, we
can use this knowledge to create lives filled with health and happiness.
Chapter 6 reveals why cells and people need to grow and how fear
shuts down that growth.

Chapter 7 focuses upon conscious parenting. As parents we need
to understand the role we play in programming our children's beliefs,
and the impact those beliefs have on our children's lives. This chapter
is important whether you are a parent or not, for as a "former" child,
the insight into our programming and its impact upon our lives is
quite revealing. In, the Epilogue, I review how my understanding of
the New Biology led me to realize the importance of integrating the
realms of Spirit and Science, which was a radical shift from my back-

ground as an agnostic scientist.

Are you ready to use your conscious mind to create a life over-
flowing with health, happiness and love without the aid of genetic
engineers and without addicting yourself to drugs? Are you ready to
consider an alternate reality to that provided by the medical model of
the human body as a biochemical machine? There is nothing to buy
and there are no policies to take out. Itis just a matter of temporarily
suspending the archaic beliefs you have acquired from the scientific
and media establishments so that you can consider the exciting new

awareness offered by leading-edge science.
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Chapter

LESSONS FROM THE PETRI  DISH: IN PRAISE
OF SMART CELLS AND SMART STUDENTS

Trouble in Paradise

nmy second day inthe Caribbean, as Istood in front of over a

hundred visibly on-edge medical students, I suddenly real-

ized that not everyone viewed the island as alaid-back refuge.
For these nervous students, Montserrat was not a peaceful escape but a
last-ditch chance to realize their dreams of becoming doctors.

My class was geographically homogeneous, mostly American stu-
dents from the East Coast, but there were all races and ages, including
a sixty-seven-year-old retiree who was anxious to do more with his life.
Their backgrounds were equally varied - former elementary school

teachers, accountants, musicians, anun and even a drug smuggler.

Despite all the differences, the students shared two characteristics.
One, they had failed to succeed in the highly competitive selection
process that filled the limited number of positions in American med-

ical schools. Two, they were" strivers" intent on becoming doctors-
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they were not about to be denied the opportunity to prove their qual-
ifications. Most had spent their life savings or indentured themselves
to cover the tuition and extra costs of living out of the country. Many
found themselves completely alone for the first time in their lives, hav-
ing left their families, friends and loved ones behind. They put up with
the most intolerable living conditions on that campus. Yet with all the
drawbacks and the odds stacked against them, they were never

deterred from their quest for a medical degree.

Well, at least that was true up to the time of our first class togeth-
er. Prior to my arrival, the students had had three different histol-
ogy/ cell biology professors. The first lecturer left the students in the
lurch when he responded to some personal issue by bolting from the
island three weeks into the semester. In short order, the school found
a suitable replacement who tried to pick up the pieces; unfortunately
he bailed three weeks later because he got sick. For the preceding two
weeks a faculty member, responsible for another field of study, had
been reading chapters out of a textbook to the class. This obviously
bored the students to death, but the school was fulfilling a directive to
provide a specified number of lecture hours for the course. Academic
prerequisites set by American medical examiners have to be met in

order for the school's graduates to practice in the States.

For the fourth time that semester, the weary students listened to a
new professor. Ibriefed them on my background and my expectations
for the course. I made it clear that even though we were in a foreign
country, I was not going to expect any less from them than what was
expected from my Wisconsin students. Nor should they want me to,
because to be certified, all doctors have to pass the same Medical
Boards, no matter where they go to medical school. Then I pulled a
sheaf of exams out of my briefcase and told the students that Iwas giv-
ing them a self-assessment quiz. The middle of the semester had just
passed and I expected them to be familiar with half of the required
course material. The test I handed out on that first day of the course
consisted of twenty questions taken directly from the University of

Wisconsin histology midterm exam.
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CHAPTER ONE Lessons From the Petri Dish

The classroom was deadly silent for the first ten minutes of the
testing period. Then nervous fidgeting felled the students one by one,
faster than the spread of the deadly Ebola virus. By the time the twen-
ty minutes allotted for the quiz were over, wide-eyed panic had
gripped the class. When I said, "Stop," the pent-up nervous anxiety
erupted into the din of a hundred excited conversations. I quieted the
class down and began to read them the answers. The first five or six
answers were met with subdued sighs. After I reached the tenth ques-
tion, each subsequent answer was followed by agonizing groans. The
highest score in the class was ten correct answers, followed by several
students who answered seven correctly; with guesswork, most of the

rest scored at least one or two correct answers.

When I looked up at the class, I was greeted with frozen, shell-
shocked faces. The "strivers" found themselves behind the big eight
ball. With more than half a semester behind them, they had to start the
course all over again. A dark gloom overcame the students, most of
whom were already treading water in their other, very demanding
medical school courses. Within moments, their gloom had turned into
quiet despair. In profound silence, I looked out over the students and
they looked back at me. I experienced an internal ache-the class col-
lectively resembled one of those Greenpeace pictures of wide-eyed

baby seals just before heartless fur traders club them to death.

My heart welled. Perhaps the salt air and sweet scents had already
made me more magnanimous. In any case, unexpectedly, I found
myself announcing that I would make it my personal commitment to
see that every student was fully prepared for the final exam, if they
would commit to providing matching efforts. When they realized I
was truly committed to their success, I could see the lights flash on in
their previously panicked eyes.

Feeling like an embattled coach revving up the team for the Big
Game, I told them I thought they were every bit as intelligent as the
students I taught in the States. I told them I believed their State-side
peers were simply more proficient at rote memorization, the quality

that enabled them to score better in the medical college admissions
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tests. I also tried very hard to convince them that histology and cell
biology are not intellectually difficult courses. I explained that in all of
its elegance, nature employs very simple operating principles. Rather
than just memorizing facts and figures, I promised they were going to
gain an understanding of cells because I would present simple princi-
ples on top of simple principles. I offered to provide additional night
lectures, which would tax their stamina after their already long lecture
and lab-packed days. The students were pumped up after my ten-
minute pep talk. When the period ended, they bolted from that class-
room snorting fire, determined they would not be beaten by the

system.

After the students left, the enormity of the commitment I had
made sank in. I started having doubts. Iknew that a significant num-
ber of the students were truly unqualified to be attending medical
school. Many others were capable students whose backgrounds had
not prepared them for the challenge. I was afraid that my island idyll
would degenerate into a frenetic, time-consuming academic scrim-
mage that would end in failure for my students and for me as their
teacher. I started thinking about my job at Wisconsin, and suddenly it
was beginning to look easy. At Wisconsin, I gave only eight lectures
out of the approximately fifty that made up the histology/cell biology
course. There were five members of the Anatomy Department who
shared the lecturing load. Of course I was responsible for the material
in all of the lectures because I was involved in their accompanying lab-
oratory sessions. I was supposed to be available to answer all course-
related questions asked by the students. But knowing the material and

presenting lectures on the material are not the same thing!

I'had a three-day weekend to wrestle with the situation Ihad cre-
ated for myself. Had I faced a crisis such as this back home, my type
A personality would have had me swinging from the proverbial
chandeliers. Interestingly, as I sat by the pool, watching the sun set
into the Caribbean, the potential angst simply morphed into an excit-
ing adventure. I began to get excited about the fact that for the first

time in my teaching career, I was solely responsible for this major
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CHAPTER ONE Lessons From the Petri Dish

course and free from having to conform to the style and content

restrictions of team-taught programs.

Cells As Miniature Humans

As it turned out, that histology course was the most exhilarating
and intellectually profound period of my academic career. Free to
teach the course the way I wanted to teach it, I ventured into a new
way of covering the material, an approach that had been roiling in my
brain for several years. I had been fascinated by the idea that consid-
ering cells as "miniature humans" would make it easier to understand
their physiology and behavior. As I contemplated a new structure for
the course, I got excited. The idea of overlapping cell and human biol-
ogy rekindled the inspiration for science I had felt as a child. T still
experienced that enthusiasm in my research laboratory, though not
when [ was mired in the administrative details of being a tenured fac-
ulty member, including endless meetings and what for me were tortu-

ous faculty parties.

I was prone to thinking of cells as human-like because, after years
behind a microscope, I had become humbled by the complexity and
power of what at first appear to be anatomically simple, moving blobs
in a Petri dish. In school you may have learned the basic components
of a cell: the nucleus that contains genetic material, the energy-pro-
ducing mitochondria, the protective membrane at the outside rim, and
the cytoplasm in between. But within these anatomically simple-look-
ing cells is a complex world; these smart cells employ technologies that
scientists have yet to fully fathom.

The notion of cells as miniature humans that I was mulling over
would be considered heresy by most biologists. Trying to explain the
nature of anything not human by relating it to human behavior is
called anthropomorphism. "True" scientists consider anthropomor-
phism to be something of a mortal sin and ostracize scientists who
knowingly employ it in their work.

However, Ibelieved though that I was breaking out of orthodoxy

for a good reason. Biologists try to gain scientific understanding by
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observing nature and conjuring up a hypothesis of how things work.
Then they design experiments to test their ideas. By necessity, deriv-
ing the hypothesis and designing the experiments require the scientist
to "think" how a cell or another living organism carries out its life.
Applying these "human" solutions, i.e, a human view of resolving
biology's mysteries, automatically makes these scientists guilty of
anthropomorphizing. No matter how you cut it, biological science is

based to some degree on humanizing the subject matter.

Actually, Ibelieve that the unwritten ban on anthropomorphism is
an outmoded remnant of the Dark Ages when religious authorities
denied any direct relationship existed between humans and any of
God's other creations. While I can see the value of the concept when
people try to anthropomorphize a light bulb, a radio or a pocketknife,
I do not see it as a valid criticism when it is applied to living organ-
isms. Human beings are multicellular organisms - we must inherent-

ly share basic behavioral patterns with our own cells.

However, Iknow that it takes a shift in perception to acknowledge
that parallel. Historically, our [udeo-Christian beliefs have led us to
think that we are the intelligent creatures who were created in a sepa-
rate and distinct process from all other plants and animals. This view
has us looking down our noses at lesser creatures as non-intelligent
life forms, especially those organisms on the lower evolutionary rungs
of life.

Nothing could be farther from the truth. When we observe other
humans as individual entities or see ourselves in the mirror as an indi-
vidual organism, in one sense, we are correct, at least from the per-
spective of our level of observation. However, if I brought you down
to the size of an individual cell so you could see your body from that
perspective, it would offer a whole new view of the world. When you
looked back at yourself from that perspective you would not see your-
self as a single entity. You would see yourself as a bustling communi-
ty of more than 50 trillion individual cells.

As Itoyed with these ideas for my Histology class, the picture that
kept recurring in my mind was a chart from an encyclopedia I had
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CHAPTER ONE Lessons From the Petri Dish

used as a child. Under the section on humans, there was an illustration
with seven transparent plastic pages, each printed with an identical,
overlapping outline of the human body. On the first page the outline
was filled in with an image of a naked man. Turning the first page was
like peeling off his skin and revealing his musculature, the image with-
in the outline on the second page. When I turned the second page, the
overlapping images of the remaining pages revealed a vivid dissection
of the body. Flipping through the pages I could see in turn, the skele-
ton, the brain and nerves, blood vessels and organ systems.

For my Caribbean course, I mentally updated those transparencies
with several additional, overlapping pages, each illustrated with cel-
lular structures. Most of the cell's structures are referred to as
organelles, which are its "miniature organs" suspended within a jelly-
like cytoplasm. Organelles are the functional equivalents of the tissues
and organs of our own bodies. They include the nucleus, which is the
largest organelle, the mitochondria, the Golgi body and vacuoles. The
traditional way of teaching the course is to deal first with these cellu-
lar structures, then move on to the tissues and organs of the human
body. Instead, I integrated the two parts of the course to reflect the

overlapping nature of humans and cells.

I taught my students that the biochemical mechanisms employed
by cellular organelle systems are essentially the same mechanisms
employed by our human organ systems. Even though humans are
made up of trillions of cells, I stressed that there is not one "new" func-
tion in our bodies that is not already expressed in the single cell. Each
eukaryote (nucleus-containing cell) possesses the functional equiva-
lent of our nervous system, digestive system, respiratory system,
excretory system, endocrine system, muscle and skeletal systems, cir-
culatory system, integument (skin), reproductive system and even a
primitive immune system, which utilizes a family of antibody-like
"ubiquitin" proteins.

I also made it clear to my students that each cell is an intelligent
being that can survive on its own, as scientists demonstrate when they

remove individual cells from the body and grow them in a culture. As
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I knew intuitively when I was a child, these smart cells are imbued
with intent and purpose; they actively seek environments that support
their survival while simultaneously avoiding toxic or hostile ones.
Like humans, single cells analyze thousands of stimuli from the
microenvironment they inhabit. Through the analysis of this data, cells

select appropriate behavioral responses to ensure their survival.

Single cells are also capable of learning through these environ-
mental experiences and are able to create cellular memories, which
they pass on to their offspring. For example, when a measles virus
infects a child, an immature immune cell is called in to create a pro-
tective protein antibody against that virus. In the process, the cell must
create a new gene to serve as a blueprint in manufacturing the measles

antibody protein.

The first step in generating a specific measles antibody gene occurs
in the nuclei of immature immune cells. Among their genes are a very
large number of DNA segments that encode uniquely shaped snippets
of proteins. By randomly assembling and recombining these DNA seg-
ments, immune cells create a vast array of different genes, each one
providing for a uniquely shaped antibody protein. When an immature
immune cell produces an antibody protein that is a "close" physical

complement to the invading measles virus, that cell will be activated.

Activated cells employ an amazing mechanism called affinity mat-
uration that enables the cell to perfectly" adjust" the final shape of its
antibody protein, so that it will become a perfect complement to the
invading measles virus. [Li, et al, 2003; Adams, et al, 2003] Using a
process called somatic hyperrnutation, activated immune cells makes
hundreds of copies of their original antibody gene. However, each
new version of the gene is slightly mutated so that it will encode a
slightly different shaped antibody protein. The cell selects the variant
gene that makes the best fitting antibody. This selected version of the
gene also goes through repeated rounds of somatic hypermutation to
further sculpt the shape of the antibody to become a "perfect" physi-
cal complement of the measles virus. [Wu, et al, 2003; Blanden and
Steele 1998; Diaz and Casali 2002; Gearhart 2002]

38



CHAPTER ONE Lessons From the Petri Dish

When the sculptured antibody locks on to the virus, it inactivates
the invader and marks it for destruction, thus protecting the child from
the ravages of measles. The cells retain the genetic "memory" of this
antibody, so that in the future if the individual is again exposed to
measles, the cells can immediately launch a protective immune
response. The new antibody gene can also be passed on to all the cell's
progeny when it divides. In this process, not only did the cell "learn"
about the measles virus, it also created a "memory" that will be inher-
ited and propagated by its daughter cells. This amazing feat of genet-
ic engineering is profoundly important because it represents an
inherent "intelligence" mechanism by which cells evolve. [Steele, et al,
1998]

The Origins of Life:
Smart Cells Get Smarter

It shouldn't be surprising that cells are so smart. Single-celled
organisms were the first life forms on this planet. Fossil evidence
reveals they were here within 600 million years after the Earth was
first formed. For the next 2.75 billion years of the Earth's history, only
free-living, single-celled organisms - bacteria, algae and amoeba-like

protozoans, populated the world.

Around 750 million years ago, these smart cells figured out how to
get smarter when the first multicellular organisms (plants and ani-
mals) appeared. Multicellular life forms were initially loose communi-
ties or "colonies" of single-celled organisms. At first, cellular
communities consisted of tens and hundreds of cells. But the evolu-
tionary advantage of living in a community soon led to organizations
comprised of millions, billions and even trillions of socially interactive
single cells. Though each individual cell is of microscopic dimensions,
the size of multicellular communities may range from the barely visi-
ble to the monolithic. Biologists have classified these organized com-
munities based on their structure as observed by the human eye.
While the cellular communities appear as single entities to the naked
eye - a mouse, a dog, a human - they are, in fact, highly organized

associations of millions and trillions of cells.
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The evolutionary push for ever-bigger communities is simply a
reflection of the biological imperative to survive. The more awareness
an organism has of its environment, the better its chances for survival.
When cells band together they increase their awareness exponentially.
If each cell were to be arbitrarily assigned an awareness value of X,
then each colonial organism would collectively have a potential
awareness value of at least X times the number of cells in the colony.

In order to survive at such high densities, the cells created struc-
tured environments. These sophisticated communities subdivided the
workload with more precision and effectiveness than the ever-chang-
ing organizational charts that are a fact of life in big corporations. It
proved more efficient for the community to have individual cells
assigned to specialized tasks. In the development of animals and
plants, cells begin to acquire these specialized functions in the embryo.
A process of cytological specialization enables the cells to form the
specific tissues and organs of the body. Over time, this pattern of dif-
ferentiation, i.e.the distribution of the workload among the members of
the community, became embedded in the genes of every cell in the
community, significantly increasing the organism's efficiency and its

ability to survive.

In larger organisms, for example, only a small percentage of cells
are concerned with reading and responding to environmental stimuli.
That is the role of groups of specialized cells that form the tissues and
organs of the nervous system. The function of the nervous system is to
perceive the environment and coordinate the behavior of all the other

cells in the vast cellular community.

Division of labor among the cells in the community offered an
additional survival advantage. The efficiency it offered enabled more
cells to live on less. Consider the old adage, "Two can live as cheaply
as one." Or consider the construction costs of building a two-bedroom,
single home versus the cost of building a two-bedroom apartment in a
hundred-apartment =~ complex. To survive, each cell is required to

expend a certain amount of energy. The amount of energy conserved
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by individuals living in a community contributes to both an increased

survival advantage and a better quality of life.

In American capitalism, Henry Ford saw the tactical advantage in
the differentiated form of communal effort and employed it in creat-
ing his assembly line system of manufacturing cars. Before Ford, a
small team of multi-skilled workers would require a week or two to
build a single automobile. Ford organized his shop so that every work-
er was responsible for only one specialized job. He stationed a large
number of these differentiated workers along a single row, the assem-
bly line, and passed the developing car from one specialist to the next.
The efficiency of job specialization enabled Ford to produce a new

automobile in 90 minutes rather than weeks.

Unfortunately, we conveniently "forgot" about the cooperation
necessary for evolution when Charles Darwin emphasized a radically
different theory about the emergence of life. He concluded 150 years
ago that living organisms are perpetually embroiled in a ,struggle for
existence." For Darwin, struggle and violence are not only a part of
animal (human) nature, but the principal "forces" behind evolutionary
advancement. In the final chapter of The Origin of Species: By Means of
Natural Selection, Or, The Preservation Of Favoured Races In The Struggle
For Life, Darwin wrote of an inevitable .struggle for life" and that evo-
lution was driven by "the war of nature, from famine and death."
Couple that with Darwin's notion that evolution is random and you
have a world, as poetically described by Tennyson that can be charac-
terized as "red in tooth and claw," a series of meaningless, bloody bat-

tles for survival.

Evolution Without the Bloody Claws

Though Darwin is by far the most famous evolutionist, the first sci-
entist to establish evolution as a scientific fact was the distinguished
French biologist Jean-Baptiste de Lamarck. [Lamarck 1809, 1914, 1963]
Even Ernst Mayr, the leading architect of "neo Darwinism," a mod-
ernization of Darwin's theory that incorporates twentieth-century

molecular genetics, concedes that Lamarck was the pioneer. In his clas-
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sic 1970 book Evolution and the Diversity of Life, [Mayr 1976, page 227]
Mayr wrote: "It seems to me Lamarck has a much better claim to be
designated the 'founder of the theory of evolution, as indeed he has
by several French historians ...he was the first author to devote an
entire book primarily to the presentation of a theory of organic evolu-
tion. He was the first to present the entire system of animals as a prod-

uct of evolution."

Not only did Lamarck present his theory fifty years before Darwin,
he offered a much less harsh theory of the mechanisms of evolution.
Lamarck's theory suggested that evolution was based on an "instruc-
tive," cooperative interaction among organisms and their environment
that enables life forms to survive and evolve in a dynamic world. His
notion was that organisms acquire and pass on adaptations necessary
for their survival ina changing environment. Interestingly, Lamarck's
hypothesis about the mechanisms of evolution conform to modern cell
biologists' understanding of how immune systems adapt to their envi-
ronment as described above.

Lamarck's theory was an early target of the Church. The notion
that humans evolved from lower life forms was denounced as heresy.
Lamarck was also scorned by his fellow scientists who, as creationists,
ridiculed his theories. A German developmental biologist, August
Weismann, helped propel Lamarck into obscurity when he tried to test
Lamarck's theory that organisms pass on survival-oriented traits
acquired through their interaction with the environment. In one of
Weismann's experiments, he cut off the tails of male and female mice
and mated them. Weismann argued that if Lamarck's theory were cor-
rect, the parents should pass on their tail-less state to future genera-
tions. The first generation of mice was born with tails. Weismann
repeated the experiment for 21 more generations, but not one tail-less
mouse was born, leading Weismann to conclude that Lamarck's

notion of inheritance was wrong.

But Weismann's experiment was not a true test of Lamarck's the-
ory. Lamarck suggested that such evolutionary changes could take

"immense periods of time," according to biographer L.J.Jordanova. In
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1984, Jordanova wrote that Lamarck's theory "rested on" a number of
"propositions" including: "...the laws governing living things have
produced increasingly complex forms over immense periods of time."
[lordanova 1984,page 71] Weismann's five-year experiment was clear-
ly not long enough to test the theory. An even more fundamental flaw
in his experiment is that Lamarck never argued that every change an
organism experienced would take hold. Lamarck said organisms hang
on to traits (like tails) when they need them to survive. Although
Weismann didn't think the mice needed their tails, no one asked the

mice if they thought their tails were necessary for survival!

Despite its obvious flaws, the study of the tail-less mice helped
destroy Lamarck's reputation. In fact, Lamarck has been mostly
ignored or vilified. Cornell University evolutionist C.H. Waddington,
wrote in The Evolution of An Evolutionist [Waddington 1975, page 38]:
"Lamarck is the only major figure in the history of biology whose
name has become to all intents and purposes, a term of abuse. Most
scientists' contributions are fated to be outgrown, but very few authors
have written works, which, two centuries later, are still rejected with
indignation so intense that the skeptic may suspect something akin to
an uneasy conscience. In point of fact, Lamarck has, I think, been
somewhat unfairly judged."

Waddington wrote those prescient words thirty years ago. Today
Lamarck's theories are being reevaluated under the weight of a body
of new science that suggests that the oft-denounced biologist was not
entirely wrong and the oft-lauded Darwin not entirely correct. The
title of an article in the prestigious journal Science in 2000 was one sign
of glasnost: "Was Lamarck Just a Little Bit Right?" [Balter 2000]

One reason some scientists are taking another look at Lamarck is
that evolutionists are reminding us of the invaluable role cooperation
plays in sustaining life in the biosphere. Scientists have long noted
symbiotic relationships in nature. In Darwin's Blind Spot [Ryan 2002,
page 16], British physician Frank Ryan chronicles a number of such
relationships, including a yellow shrimp that gathers food while its

partner gobi fish protects it from predators, and a species of hermit
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crab that carries a pink anemone on top of its shell. "Fish and octo-
puses like to feed on hermit crabs, but when they approach this
species, the anemone shoots out its brilliantly colored tentacles, with
their microscopic batteries of poisoned darts, and sting the potential
predator, encouraging it to look elsewhere for its meal." The warrior
anemone gets something out of the relationship as well because it eats
the crab's leftover food.

But today's understanding of cooperation in nature goes much
deeper than the easily observable ones. "Biologists are becoming
increasingly aware that animals have coevolved, and continue to coex-
ist, with diverse assemblages of microorganisms that are required for
normal health and development,” according to a recent article in
Science called "We Get By With A Little Help From Our (Little)
Friends." [Ruby, et al, 2004] The study of these relationships is now a
rapidly growing field called "Systems Biology."

Ironically, in recent decades, we have been taught to wage war
against microorganisms with everything from anti-bacterial soap to
antibiotics. But that simplistic message ignores the fact that many bac-
teria are essential to our health. The classic example of how humans
get help from microorganisms is the bacteria in our digestive system,
which are essential to our survival. The bacteria in our stomach and
intestinal tract help digest food and also enable the absorption of life-
sustaining vitamins. This microbe-human cooperation is the reason
that the rampant use of antibiotics is detrimental to our survival.
Antibiotics are indiscriminate killers; they kill bacteria that are

required for our survival as efficiently as they kill harmful bacteria.

Recent advances in genome science have revealed an additional
mechanism of cooperation among species. Living organisms, it turns
out, actually integrate their cellular communities by sharing their
genes. Ithad been thought that genes are passed on only to the prog-
eny of an individual organism through reproduction. Now scientists
realize that genes are shared not only among the individual members
of a species, but also among members of different species. The sharing

of genetic information via gene ftransfer speeds up evolution since
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organisms can acquire "learned" experiences from other organisms.
[Nitz, et al, 2004; Pennisi 2004; Boucher, et al, 2003; Dutta and Pan,
2002; Gogarten 2003] Given this sharing of genes, organisms can no
longer be seen as disconnected entities; there is no wall between
species. Daniel Drell, manager of the Department of Energy's micro-
bial genome program told Science in (2001 294:1634): " ...we can no

longer comfortably say what is a species anymore." [Pennisi 2001]

This sharing of information is not an accident. It is nature's
method of enhancing the survival of the biosphere. As discussed ear-
lier, genes are physical memories of an organism's learned experi-
ences. The recently recognized exchange of genes among individuals
disperses those memories, thereby influencing the survival of all
organisms that make up the community of life. Now that we are aware
of this inter- and intra-species gene transfer mechanism, the dangers of
genetic engineering become apparent. For example, tinkering with the
genes of a tomato may not stop at that tomato, but could alter the
entire biosphere in ways that we cannot foresee. Already there is a
study that shows that when humans digest genetically modified foods,
the artificially created genes transfer into and alter the character of the
beneficial bacteria in the intestine. [Heritage 2004; Netherwood, et al,
2004] Similarly, gene transfer among genetically engineered agricul-
tural crops and surrounding native species has given rise to highly
resistant species deemed superweeds. [Milius 2003; Haygood, et al,
2003; Desplanque, et al, 2002; Spencer and Snow 2001] Genetic engi-
neers have never taken the reality of gene transfer into consideration
when they have introduced genetically modified organisms into the
environment. We are now beginning to experience the dire conse-
quences of this oversight as their engineered genes are spreading
among, and altering other organisms in the environment. [Watrud, et
al,2004]

Genetic evolutionists warn that if we fail to apply the lessons of
our shared genetic destiny, which should be teaching us the impor-
tance of cooperation among all species, we threaten human existence.
We need to move beyond Darwinian theory, which stresses the impor-
tance of individuals, to one that stresses the importance of the commu-
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nity. British scientist Timothy Lenton provides evidence that evolution
is more dependent on the interaction among species than it is on the
interaction of individuals within a species. Evolution becomes a mat-
ter of the survival of the fittest groups rather than the survival of the
fittest individuals. In a 1998 article in Nature, Lenton wrote that rather

than focusing on individuals and their role in evolution, "...We must
consider the totality of organisms and their material environment to
fully understand which traits come to persist and dominate." [Lenton

1998]

Lenton subscribes to James Lovelock's Gaia hypothesis that holds
that the Earth and all of its species constitute one interactive, living
organism. Those who endorse the hypothesis argue that tampering
with the balance of that super-organism called Gaia, whether it be by
destroying the rainforest, depleting the ozone layer or altering organ-
isms through genetic engineering, can threaten its survival and conse-

quently ours.

Recent studies funded by Britain's Natural Environment Research
Council provide support for those concerns. [Thomas, et ai, 2004;
Stevens, et al, 2004] While there have been five mass extinctions in the
history of our planet, they are all presumed to have been caused by
extraterrestrial events, such as a comet smashing to earth. One of the
new studies concludes that the "natural world is experiencing the
sixth, major extinction event in its history." [Lovell 2004] This time
though, the cause of the extinctions is not extraterrestrial. According to
one of the study's authors, Jeremy Thomas: "As far as we can tell this

one is caused by one animal organism-man."

Walking the Talk of Cells

In my years of teaching in medical school, I had come to realize that
medical students in an academic setting are more competitive and
backbiting than a truckload of lawyers. They live out the Darwinian
struggle in their quest to be one of the "fittest" who stagger to gradua-
tion after four grueling years in medical school. The single-minded

pursuit of stellar medical school grades, without regard for the students
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surrounding you, no doubt follows a Darwinian model, but it always
seemed to me an ironic pursuit for those who are striving to become

compassionate healers.

But my stereotypes about medical students toppled during my
stay on the island. After my call to arms, my class of misfits stopped
acting like conventional medical students; they dropped their survival
of the fittest mentality and amalgamated into a single force, a team that
helped them survive the semester. The stronger students helped the
weaker and in so doing, all became stronger. Their harmony was both

surprising and beautiful to observe.

In the end, there was a bonus: a happy Hollywood ending. For
their final exam, I gave my students exactly the same test the students
in Wisconsin had to pass. There was virtually no difference in the per-
formance of these '"rejects" and their "elitist" counterparts in the
States. Many students later reported that when they went home and
met with their peers who attended American medical schools, they
proudly found themselves more proficient in their understanding of

the principles governing the life of cells and organisms.

I was of course thrilled that my students had pulled off an acade-
mic miracle. But it was years before I understood how they were able
to do it. At the time, I thought the format of the course was key, and I
still believe that overlapping human and cell biology is a better way to
present the course material. But now that I've ventured into what I
told you would be considered by some as wacky Dr. Dolittle territory,
Ithink a good part of the reason for my students' success was that they
eschewed the behavior of their counterparts in the United States.
Instead of mirroring smart American medical students, they mirrored
the behavior of smart cells, banding together to become even smarter.
I didn't tell my students to pattern their lives after the lives of the cells,
because I was still steeped in traditional, scientific training. But I like
to think that they went in that direction intuitively, after listening to
my praise of cells' ability to group together cooperatively to form more

complex and highly successful organisms.
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I didn't know it at the time, but I now believe that another reason
for my students' success was that I did not stop at praising cells. I
praised the students as well. They needed to hear they were first-rate
students in order to believe that they could perform as first-rate stu-
dents. As I'will detail in future chapters, so many of us are leading lim-
ited lives not because we have to, but because we think we have to. But
I'm getting ahead of myself. Suffice it to say that after four months in
paradise, teaching in a way that clarified my thinking about cells and
the lessons they provide to humans, I was well on my way to an
understanding of the New Biology, which leaves in the dust the
defeatism of genetic and parental programming as well as survival-of-

the-fittest Darwinism.
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Wiléver forget a piece of wisdom I received in 1967, on the first
ay I learned to clone stem cells in graduate school. It took me
ecades to realize how profound this seemingly simple piece of

wisdom was for my work and my life. My professor, mentor and con-
summate scientist, Irv Konigsberg was one of the first cell biologists to
master the art of cloning stem cells. He told me that when the cultured
cells you are studying are ailing, you look first to the cell's environ-
ment, not to the cell itself for the cause.

My professor wasn't as blunt as Bill Clinton's campaign manager
James Carville, who decreed, "It's the economy, stupid," to be the
mantra for the 1992 presidential election. But cell biologists would
have done well to post, "It's the environment, stupid," over our desks,
just as the "It's the economy, stupid" sign was posted at Clinton head-
quarters. Though it wasn't apparent at the time, I eventually realized
that this advice was a key insight into understanding the nature of life.
Over and over Ilearned the wisdom of Irv's advice. When I provided
a healthy environment for my cells they thrived; when the environ-
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ment was less than optimal, the cells faltered. When I adjusted the

environment, these" sick" cells revitalized.

But most cell biologists knew nothing of this wisdom of tissue cul-
ture techniques. And scientists moved sharply away from considering
environmental influences after Watson and Crick's revelation of DNA's
genetic code. Even Charles Darwin conceded, near the end of his life,
that his evolutionary theory had shortchanged the role of the environ-
ment. In an 1876 letter to Moritz Wagner he wrote: [Darwin, F 1888]

"In my opinion, the greatest error which I have committed has
been not allowing sufficient weight to the direct action of the environ-
ments, ie. food, climate, etc., independently of natural
selection ... When I wrote the "Origin," and for some years afterwards,
I could find little good evidence of the direct action of the environ-

ment; now there is a large body of evidence."

Scientists who follow Darwin continue to make the same error.
The problem with this underemphasis on the environment is that it led
to an overemphasis on "nature" in the form of genetic determinism-
the belief that genes" control" biology. This belief has not only led to a
misallocation of research dollars, as I will argue in a later chapter, but
more importantly, it has changed the way we think about our lives.
When you are convinced that genes control your life and you know
that you had no say in which genes you were saddled with at concep-
tion, you have a good excuse to consider yourself a victim of heredity.
"Don't blame me for my work habits-it's  not my fault that I've been

procrastinating on my deadline .. .It's genetic!"

Since the dawning of the Age of Genetics, we have been pro-
grammed to accept that we are subservient to the power of our genes.
The world is filled with people who live in constant fear that, on some
unsuspecting day, their genes are going to turn on them. Consider the
masses of people who think they are ticking time bombs; they wait for
cancer to explode in their lives as it exploded in the life of their moth-
er or brother or sister or aunt or uncle. Millions of others attribute their
failing health not to a combination of mental, physical, emotional and
spiritual causes, but simply to the inadequacies of their body's bio-
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chemical mechanics. Are your kids unruly? Increasingly the first
choice is to medicate these children to correct their" chemical imbal-
ances," rather than fully grappling with what is going on in their bod-

ies, minds and spirits.

Of course there is no doubt that some diseases, like Huntington's
chorea, beta thalassemia and cystic fibrosis, can be blamed entirely on
one faulty gene. But single-gene disorders affect less than two percent
of the population; the vast majority of people come into this world
with genes that should enable them to live a happy and healthy life.
The diseases that are today's scourges - diabetes, heart disease and
cancer-short  circuit a happy and healthy life. These diseases, howev-
er, are not the result of a single gene, but of complex interactions

among multiple genes and environmental factors.

What about all those headlines trumpeting the discovery of a gene
for everything from depression to schizophrenia? Read those articles
closely and you'll see that behind the breathless headlines is a more
sober truth. Scientists have linked lots of genes to lots of different dis-
eases and traits, but scientists have rarely found that one gene causes a
trait or a disease.

The confusion occurs when the media repeatedly distort the mean-
ing of two words: correlation and causation. It's one thing to be linked
to a disease; it's quite another to cause a disease, which implies a
directing, controlling action. If I show you my keys and say that a par-
ticular key" controls" my car, you at first might think that makes sense
because you know you need that key to turn on the ignition. But does
the key actually "control" the car? If it did, you couldn't leave the key
in the car alone because it might just borrow your car for a joy ride
when you are not paying attention. In truth, the key is "correlated"
with the control of the car; the person who turns the key actually con-
trols the car. Specific genes are correlated with an organism's behavior
and characteristics. But these genes are not activated until something
triggers them.

What activates genes? The answer was elegantly spelled out in
1990 in a paper entitled "Metaphors and the Role of Genes and

51



The Biology of Belief

Development" by H. F. Nijhout. [Nijhout 1990] Nijhout presents evi-
dence that the notion that genes control biology has been so frequent-
ly repeated for such along period of time that scientists have forgotten
it is a hypothesis, not a truth. In reality, the idea that genes control biol-
ogy is a supposition, which has never been proven and in fact has been
undermined by the latest scientific research. Genetic control, argues
Nijhout, has become a metaphor in our society. We want to believe
that genetic engineers are the new medical magicians who can cure
diseases and while they're at it create more Einsteins and Mozarts as
well. But metaphor does not equate with scientific truth. Nijhout sum-
marizes the truth: "When a gene product is needed, a signal from its
environment, not an emergent property of the gene itself, activates
expression of that gene." In other words, when it comes to genetic con-

trol, "It's the environment, stupid."

Protei n: The Stuff of Life

Itis easy to understand how genetic control became a metaphor as
scientists with ever-greater excitement zeroed in on the mechanisms of
DNA. Organic chemists discovered that cells are made up of four
types of very large molecules: polysaccharides  (complex sugars),
lipids (fats), nucleic acids (DNA/RNA) and proteins. Though the cell
requires each of the four molecular types, proteins are the most impor-
tant single component for living organisms. Our cells are, in the main,
an assembly of protein-building  blocks. So one way of looking at our
trillion-celled bodies is that they are protein machines, although, as
you know, Ithink we are more than machines! It sounds simple, but it
isn't. For one thing, it takes over 100,000 different types of proteins to
run our bodies.

Let's take a closer look at how our cells' 100,000 plus proteins are
assembled. Each protein is a linear string of linked amino acid mole-
cules, comparable to a child's pop bead necklace as illustrated on the
following page.

Each bead represents one of the twenty amino acid molecules used
by cells. Though Ilike the pop bead analogy because everyone is famil-

iar with it, it is not an exact one because each amino acid has a slight-
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ly different shape. So to be completely accurate, you should think of a
pop bead necklace that got mangled a bit in the factory.

And to be even more accurate, you should know that the amino
acid necklace, which forms the "backbone" of the cells' proteins, is far
more malleable than a pop bead necklace, which falls apart when you
bend it too much. The structure and behavior of the linked amino acids
in protein backbones better resemble that of a snake's backbone. The
spine of a snake, made up of a large number of linked subunits, the
vertebrae, is capable of coiling the snake into a wide variety of shapes,
ranging from a straight rod to a knotted "ball."

The flexible links (peptide bonds) between amino acids in a protein
backbone enables each protein to adopt a variety of shapes. Through
the rotation and flexion of their amino acid "vertebrae," protein mol-
ecules resemble nano-snakes in their ability to writhe and squirm.
There are two primary factors that determine the contour of a protein's
backbone, and therefore its shape. One factor is the physical pattern
defined by the sequence of differently shaped amino acids comprising

the pop bead-like backbone.

The second factor concerns the interaction of electromagnetic

charges among the linked amino acids. Most amino acids have posi-
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Unlike ijniform:éhaped pop beads, each of;he tweﬁty amino acids comprising pro-
tein backbones has a unique conformation. Consider the differences between the
character of a "backbone" mode from identically shaped pop beads and one assem-
bled from the differently shaped pipe fittings illustrated above.

tive or negative charges, which act like magnets: [ike charges cause the
molecules to repel one another, while opposite charges cause the mole-
Glles to attract each other. As shown above, a protein's flexible back-
bone spontaneously folds into a preferred shape when its amino acid
subunits rotate and flex their bonds to balance the forces generated by

their positive and negative charges.
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The protein backbones shown in A and B have the exact same amino acid (pipe fitting)
sequence but reveal radically different shapes (conformations). Variations inthe
backbone's shape result from differential rotations at the junctions between adjacent
fittings. Like pipe fittings, the protein's differently shaped amino acids also rotate
around their junctions (peptide bonds), allowing the backbone to wriggle like a
snake. Proteins shape-shift though they will generally prefer two or three specific
conformations. Which of the two conformations, Aor B,would our hypothetical pro-
tein prefer? The answer is related to the fact that the two terminal amino acids (pipe
fittings) have regions of negative charges. Since like-charges repel each other, the
farther apart they are, the more stable the conformation. Conformation A would be
preferred because the negative charges are farther apart than they are in B.

The backbones of some protein molecules are so long that they
require the assistance of special "helper" proteins called chaperones to
aid in the folding process. Improperly folded proteins, like people
with spinal defects, are unable to function optimally. Such aberrant

proteins are marked for destruction by the cell; their backbone amino

acids are disassembled and recycled in the synthesis of new proteins.
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How Proteins Create Life

Living organisms are distinguished from non-living entities by the
fact that they move; they are animated. The energy driving their move-
ments is harnessed to do the "work" that characterizes living systems,
such as respiration, digestion, and muscle contraction. To understand
the nature of life one must first understand how protein "machines"

are empowered to move.

The final shape, or conformation (the technical term used by biolo-
gists), of a protein molecule reflects a balanced state among its electro-
magnetic charges. However, if the protein's positive and negative
charges are altered, the protein backbone will dynamically twist and
adjust itself to accommodate the new distribution of charges. The dis-
tribution of electromagnetic charge within a protein can be selectively
altered by a number of processes including: the binding of other mol-
ecules or chemical groups such as hormones; the enzymatic removal
or addition of charged ions; or interference from electromagnetic fields
such as those emanating from cell phones. [Tsong 1989]

The shape-shifting proteins exemplify an even more impressive

engineering feat because their precise, three-dimensional shapes also
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Figure A shows the preferred conformation of our hypothetical protein backbone. The
repelling forces between the two negatively charged terminal amino acids (arrows)
causes the backbone to extend so that the negative amino acids are asfar apart as
possible. Figure Bshows a close-up of an end amino acid. A signal, in this case a mol-
ecule with avery positive electric charge (white sphere), is attracted to, and binds
with, the negative site on the protein's terminal amino acid. In our particular sce-
nario, the signal is more positive in charge than the amino acid is negative in charge.
After the signal couples with the protein, there is now an excess positive charge at this
end ofthe backbone. Since positive and negative charges attract one another, the
backbone's amino acids will rotate around their bonds so that positive and negative
terminals will come closer together. Figure Cshows the protein changing from con-
formation Ato conformation B.Changing conformations generates movement and
the movement is harnessed to do work, providing for such functions as digestion,
respiration and muscle contraction. When the signal detaches, the protein returns to
its preferred extended conformation. Thisis how signal-generated protein move-
ments provide for life.

give them the ability to link up with other proteins. When a protein
encounters a molecule that is a physical and energetic complement,
the two bind together like human-made products with interlocking

gears, sayan eggbeater or an old-fashioned watch.

Examine the following two illustrations. The first shows five
uniquely shaped proteins, examples of the molecular .gears" found in
cells. These organic .gears" have softer edges than machine-shop-
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manufactured gears, but you can see that their precise, three-dimen-
sional shapes would enable them to securely engage with other com-

plementary proteins.

Protein Menagerie. lllustrated above are five different examples of protein mole-
cules. Eachprotein possesses a precise three-dimensional conformation that is the
same for each copy of itself in every cell. A) Enzyme that digests hydrogen atoms; B)
Woven filament of collagen protein; C) Channel, a membrane-bound protein with
hollow central pore; D) Protein subunit of "capsule" that encloses a virus; E) DNA-syn-
thesizing enzyme with attached helical DNAmolecule

In the second illustration (p.59), I chose a wind-up watch to repre-
sent the workings of the cell. The first picture shows a metal machine,
revealing the gears, springs, jewels and case of the watch model. When
Gear A turns it causes Gear B to turn. When B moves it causes Gear C
to turn, etc. In the next image, I overlay the human-made machined
gears with softer-edged organic proteins (magnified millions of times
in proportion to the watch) so that it becomes visually conceivable that
proteins could be like the watch's mechanism. In this metal-protein
"machine," one can imagine Protein A rotating and causing Protein B
to revolve, which in turn causes Protein C to move. Once you see that
possibility, you can look to the third figure in which the human-made

parts are removed. Voila! We are left with a protein" machine," one of

58



CHAPTER Two

the thousands of similar pro-
tein assemblies that collec-
tively comprise the cell!

Cytoplasmic proteins that
cooperate in creating specific
physiologic  functions  are
grouped into specific assem-
blies known as pathways.
These assemblies are identi-
fied by functions such as res-
piration pathways, digestion
pathways, muscle contraction
pathways and the infamous,
energy-generating Krebs cy-
cle, the bane of many a sci-
ence student, who has to
memorize everyone of its
protein components and com-

plex chemical reactions.

Can you imagine how
excited cell biologists were
when they figured out how
the protein assembly mac-
hines work? Cells exploit the
movements of these protein-
assembly machines to em-
power specific metabolic and
behavioral functions. The con-
stant, shape-shifting move-
ments of proteins-which  can
occur thousands of times in a
single second - are the move-

ments that propel life.
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The Primacy of DNA

You'll notice that in the above section I didn't discuss DNA at all.
That's because it is the changing of the proteins' electromagnetic
charges that is responsible for their behavior-generating movement,
not DNA. How did we get to the widespread and often-cited notion
that genes" control" biology? In the Origin of Species, Darwin suggest-
ed that "hereditary" factors were passed on from generation to gener-
ation, controlling the traits of the offspring. Darwin's influence was so
great that scientists myopically focused on identifying that hereditary
material which, they thought, controlled life.

In 1910, intensive microscopic analyses revealed that the heredi-
tary information passed on generation after generation was contained
in chromosomes, thread-like structures that become visible in the cell
just before it divides into two "daughter" cells. Chromosomes are
incorporated into the daughter cell's largest organelle, the nucleus.
When scientists isolated the nucleus, they dissected the chromosomes
and found that the hereditary elements were essentially comprised of
only two kinds of molecules, protein and DNA. Somehow the protein
machinery of life was entangled in the structure and function of these

chromosome molecules.

The understanding of the chromosome's functions was further
refined in 1944 when scientists determined that it was DNA that actu-
ally contained hereditary information. [Avery, et al, 1944; Lederberg
1994] The experiments that singled out DNA were elegant. These sci-
entists isolated pure DNA from one species of bacteria -let's call it
Species A- and added the pure DNA to cultures containing only
Species B bacteria. Within a short time, Species B bacteria began to
show hereditary traits that were formerly seen only inSpecies A. Once
it was known that you needed nothing other than DNA to pass on

traits, the DNA molecule became a scientific superstar.

It was now left to Watson and Crick to unravel the structure and
function of that superstar molecule. DNA molecules are long and
threadlike. They are made from four nitrogen-containing chemicals
called bases (adenine, thymine, cytosine, and guanine or A, T, C and
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G). Watson and Crick's discovery of DNA's structure led to the fact
that the sequence of the A, T, C and G bases in DNA spells out the
sequence of amino acids along a protein's backbone [Watson and
Crick 1953]. Those long strings of DNA molecules can be subdivided
into single genes, segments that provide the blueprint for specific pro-
teins. The code for recreating the protein machinery of the cell had

been cracked!

Watson and Crick also explained why DNA is the perfect heredi-
tary molecule. Each DNA strand is normally intertwined with a sec-
ond strand of DNA, a loosely wrapped configuration known as the
"double helix." The genius of this system is that the sequences of DNA
bases on both strands are mirror images of each other. When the two
strands of DNA unwind, each single strand contains the information
to make an exact, complementary copy of itself. So through a process
of separating the strands of a double helix, DNA molecules become
self-replicating. This observation led to the assumption that DNA

"controlled" its own replication ...it was its own "boss."

The "suggestion" that DNA controlled its own replication and also
served as the blueprint for the body's proteins led Francis Crick to cre-
ate biology's Central Dogma, the belief that DNA rules. The dogma is
so fundamental to modern biology it is essentially written in stone, the
equivalent of science's Ten Commandments. The dogma, also referred
to as "The Primacy of DNA," is a fixture of every scientific text.

In the dogma's scheme of how life unfolds, DNA perches loftily on
top, followed by RNA. RNA is the short-lived Xerox" copy of the
DNA. As such, it is the physical template encoding the amino acid
sequence that makes up a protein's backbone. The Primacy of DNA
diagram provides the logic for the Age of Genetic Determinism.
Because the character of a living organism is defined by the nature of
its proteins, and its proteins are encoded in the DNA, then by logic,
DNA would represent the" first cause" or primary determinant of an

organism's traits.
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The Human Genome Project

After DNA achieved superstar status, the remaining challenge was
to create a catalogue of all the genetic stars in the human firmament.
Enter the Human Genome Project, a global, scientific effort begun in

the late 1980s to create a catalogue of all the genes present in humans.

From the outset, the Human Genome Project was a massively
ambitious one. Conventional thought held that the body needed one
gene to provide the blueprint for each of the 100,000 plus different pro-
teins that make up our bodies. Add to that at least 20,000 regulatory
genes, which orchestrate the activity of the protein-encoding  genes.
Scientists concluded that the human genome would contain a mini-
mum of 120,000 genes located within the twenty-three pairs of human

chromosomes.

But that wasn't the whole story. A cosmic joke was unfolding, one
of those jokes that periodically unsettle scientists convinced they have
discovered the secrets of the Universe. Consider the impact of
Nicolaus Copernicus' discovery published in 1543 that the Earth was
not the center of the Universe as was thought by the scientist-theolo-
gians of the day. The fact that the Earth actually revolved around the
sun, and that the sun itself was not the center of the universe, under-
mined the teachings of the Church. Copernicus' paradigm-busting  dis-
coveries launched the modern, scientific revolution by challenging the
presumed ‘"infallibility" of the Church. Science eventually displaced
the Church as Western civilization's source of wisdom for under-
standing the mysteries of the Universe.

Geneticists experienced a comparable shock when, contrary to
their expectations of over 120,000 genes, they found that the entire
human genome consists of approximately 25,000 genes. [Pennisi 2003a
and 2003b; Pearson 2003; Goodman 2003] More than eighty percent of
the presumed and required DNA does not exist! The missing genes are
proving to be more troublesome than the missing eighteen minutes of
the Nixon tapes. The one-gene, one-protein concept was a fundamen-
tal tenet of genetic determinism. Now that the Human Genome Project

has toppled the one-gene for one-protein concept, our current theories
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The Central Dogma. The dogma, also referred to asthe Primacy of DNA, defines the
flow of information in biological organisms. As indicated by the arrows, the flow is
onlyin one direction, from DNAto RNAand then to Protein. The DNArepresents the
cell's long-term memory, passed from generation to generation. RNA, an unstable
copy of the DNAmolecule, isthe active memory that is used by the cell as a physical
template in synthesizing proteins. Proteins are the molecular building blocks that
provide for the cell's structure and behavior. DNAis implicated as the 'source" that
controls the character of the cell's proteins, hence the concept of DNA's primacy that
literally means "first couse."

of how life works have to be scrapped. No longer is it possible to
believe that genetic engineers can with relative ease fix all our biolog-
ical dilemmas. There are simply not enough genes to account for the
complexity of human life or of human disease.

I may sound like Chicken Little shouting that the genetics sky is
falling. However, you don't have to take my word for it. Chicken Big
is saying the same thing. In a commentary on the surprising results of
the Human Genome Project, David Baltimore, one of the world's pre-
eminent geneticists and a Nobel Prize winner, addressed the issue of

human complexity: [Baltimore 2001]
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"But unless the human genome contains a lot of genes that are
opaque to our computers, it is clear that we do not gain our undoubt-
ed complexity over worms and plants by using more genes.

"Understanding what does give us our complexity-our  enor-
mous behavioral repertoire, ability to produce conscious action,
remarkable physical coordination, precisely tuned alterations in
response to external variations of the environments, learning, memo-

ry, need I go on? -remains a challenge for the future."

As Baltimore states, the results of the Human Genome Project
force us to consider other ideas about how life is controlled.
"Understanding what does give us our complexity ...remains a chal-
lenge for the future." The sky is falling.

In addition, the results of the Human Genome Project are forcing
us to reconsider our genetic relationship with other organisms in the
biosphere. We can no longer use genes to explain why humans are at
the top of the evolutionary ladder. Itturns out there is not much dif-
ference in the total number of genes found in humans and those found
in primitive organisms. Let's take a look at three of the most studied
animal models in genetic research, a microscopic nematode round-
worm known as Caenorhabditis elegans, the fruit fly and the laboratory

mouse.

The primitive Caenorhabditis worm serves as a perfect model for
studying the role of genes in development and behavior. This rapidly
growing and reproducing organism has a precisely patterned body
comprised of exactly 969 cells and a simple brain of about 302 cells.
Nonetheless it has a unique repertoire of behaviors and most impor-
tantly, it is amenable to genetic experimentation. The Caenorhabditis
genome consists of approximately 24,000 genes. [Blaxter 2003] The
human body, comprised of over fifty trillion cells, contains only 1,500
more genes than the lowly, spineless, thousand-celled microscopic
worm.

The fruit fly, another favored research subject, has 15,000 genes.
[Blaxter 2003; Celniker, et al, 2002] So the profoundly more complicat-

ed fruit fly has 9,000 fewer genes than the more primitive
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Caenorhabditis worm. And when it comes to the question of mice and
men, we might have to think more highly of them, or less of ourselves;
the results of parallel genome projects reveal that humans and rodents

have roughly the same number of genes!

Cell Biology 101

In retrospect, scientists should have known that genes couldn't
provide the control of our lives. By definition, the brain is the organ
responsible for controlling and coordinating the physiology and
behavior of an organism. But is the nucleus truly the cell's brain? If our
assumption that the nucleus and its DNA-containing material is the
"brain" of the cell, then removing the cell's nucleus, a procedure called

enucleation, should result in the immediate death of the cell.

And now, for the big experiment ...(Maestro, a drum roll if you

please).

The scientist drags our unwilling cell into the microscopic operat-
ing arena and straps it down. Using a micromanipulator, the scientist
guides a needle-like micropipette into position above the cell. With a
deft thrust of the manipulator, our investigator plunges the pipette
deep into the cell's cytoplasmic interior. By applying a little suction,
the nucleus is drawn up into the pipette and the pipette is withdrawn
from the cell. Below the nucleus-engorged pipette lies our sacrificial

cell - its "brain" torn out.
But wait! It's still moving! My God ...the cell is still alive!

The wound has closed and like a recovering surgical patient, the
cell begins to slowly stagger about. Soon the cell is back on its feet (OK,
its pseudopods), fleeing the microscope's field with the hope that it

will never see a doctor again.

Following enucleation, many cells can survive for up to two or
more months without genes. Viable enucleated cells do not lie about
like brain-dead lumps of cytoplasm on life-support systems. These
cells actively ingest and metabolize food, maintain coordinated opera-
tion of their physiologic systems (respiration, digestion, excretion,
motility, etc.), retain an ability to communicate with other cells, and
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are able to engage in appropriate responses to growth and protection-

requiring environmental stimuli.

Unsurprisingly, enucleation is not without side effects. Without
their genes, cells are not able to divide, nor are they able to reproduce
any protein parts they lose through the normal wear and tear of the
cytoplasm. The inability to replace defective cytoplasmic proteins con-
tributes to mechanical dysfunctions that ultimately result in the death
of the cell.

Our experiment was designed to test the idea that the nucleus is
the "brain" of the cell. If the cell had died immediately following enu-
cleation, the observations would have at least supported that belief.
However, the results are unambiguous: enucleated cells still exhibit
complex, coordinated, life-sustaining behaviors, which imply that the
cell's "brain" is still intact and functioning.

The fact that enucleated cells retain their biological functions in the
absence of genes is by no means a new discovery. Over a hundred
years ago, classical embryologists routinely removed the nuclei from
dividing egg cells and showed that a single, enucleated egg cell was
able to develop as far as the blastula, an embryonic stage consisting of
forty or more cells. Today, enucleated cells are used for industrial pur-
poses as living" feeder" layers in cell cultures designed for virus vac-
cine production.

If the nucleus and its genes are not the cell's brain, then what exact-
ly is DNA's contribution to cellular life? Enucleated cells die, not
because they have lost their brain but because they have lost their
reproductive capabilities. Without the ability to reproduce their parts,
enucleated cells cannot replace failed protein building blocks, nor
replicate themselves. So the nucleus is not the brain of the cell- the
nucleus is the cell's gonad! Confusing the gonad with the brain is an
understandable error because science has always been and still is a
patriarchal endeavor. Males have often been accused of thinking with
their gonads, so it's not entirely surprising that science has inadver-
tently confused the nucleus with the cell's brain!
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Epigenetics: The New Science of
Self-Empowerment

Genes-as-destiny theorists have obviously ignored hundred-year-
old science about enucleated cells, but they cannot ignore new
research that undermines their belief in genetic determinism. While
the Human Genome Project was making headlines, a group of scien-
tists were inaugurating a new, revolutionary field in biology called epi-
genetics. The science of epigenetics, which literally means "control
above genetics," profoundly changes our understanding of how life is
controlled. [Pray 2004; Silverman 2004] In the last decade, epigenetic
research has established that DNA blueprints passed down through
genes are not set in concrete at birth. Genes are not destiny!
Environmental influences, including nutrition, stress and emotions,
can modify those genes, without changing their basic blueprint. And
those modifications, epigeneticists have discovered, can be passed on
to future generations as surely as DNA blueprints are passed on via
the Double Helix. [Reik and Walter 2001; Surani 2001]

There is no doubt that epigenetic discoveries have lagged behind
genetic discoveries. Since the late 1940s, biologists have been isolating
DNA from the cell's nucleus in order to study genetic mechanisms. In
the process they extract the nucleus from the cell, break open its
enveloping membrane and remove the chromosomal contents, half of
which is made up of DNA and half of which is made up of regulatory
proteins. In their zeal to study DNA, most scientists threw away the
proteins, which we now know is the equivalent of throwing the baby
out with the bathwater. Epigeneticists are bringing back the baby, by
studying the chromosome's proteins, and those proteins are turning
out to playas crucial a role in heredity as DNA.

In the chromosome, the DNA forms the core, and the proteins
cover the DNA like a sleeve. When the genes are covered, their infor-
mation cannot be "read." Imagine your bare arm as a piece of DNA
representing the gene that codes for blue eyes. In the nucleus, this
stretch of DNA is covered by bound regulatory proteins, which cover
your blue-eye gene like a shirtsleeve, making it impossible to be read.
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Primacy of Environment. The new science reveals that the information that con-
trols biology starts with Environmental Signals that in turn, control the binding of
Regulatory Proteins to the DNA. Regulatory Proteins direct the activity of genes. The
DNA, RNA,and Protein functions are the same as described inthe Primacy of DNA
chart. Note:the flow of information is no longer unidirectional. Inthe 19605, Howard
Temin's challenged the Central Dogma with experiments that revealed RNAcould go
against the predicted flow of information and rewrite the DNA. Originally ridiculed
for his "heresy," Temin later won a Nobel Prize for describing reverse transcriptase,
the molecular mechanism by which RNAcan rewrite the genetic code. Reverse tran-
scriptase is now notorious, for itis used by the AIDSvirus' RNAto commandeer the
infected cell's DNA. It is also now known that changes in the DNAmolecule, such as
adding or removing methyl chemical groups, influences the binding of regulatory
proteins. Proteins must also be able to buck the predicted flow of information, since
protein antibodies in immune cells are involved with changing the DNAin the cells
that synthesize them. The size of the arrows indicating information flow are not the
same. There are tight restrictions on the reverse flow of information, a design that
would prevent radical changes o the cell's genome.

How do you get that sleeve off? You need an environmental signal
to spur the ,sleeve" protein to change shape, i.e. detach from the DNA's
double helix, allowing the gene to be read. Once the DNA is uncovered,
the cell makes a copy of the exposed gene. As a result, the activity of the
gene is "controlled" by the presence or absence of the ensleeving pro-

teins, which are in turn controlled by environmental signals.
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The story of epigenetic control is the story of how environmental
signals control the activity of genes. Itis now clear that the Primacy of
DNA chart described earlier is outmoded. The revised scheme of infor-
mation flow should now be called the "Primacy of the Environment."
The new, more sophisticated flow of information in biology starts with
an environmental signal, then goes to a regulatory protein and only
then goes to DNA, RNA, and the end result, a protein.

The science of epigenetics has also made it clear that there are two
mechanisms by which organisms pass on hereditary information.
Those two mechanisms provide a way for scientists to study both the
contribution of nature (genes) and the contribution of nurture (epige-
netic mechanisms) in human behavior. If you only focus on the blue-
prints, as scientists have been doing for decades, the influence of the
environment is impossible to fathom. [Dennis 2003; Chakravarti and
Little 2003]

Let's present an analogy, which hopefully will make the relation-
ship between epigenetic and genetic mechanisms clearer. Are you old
enough to remember the days when television programming stopped
after midnight? After the normal programming signed off, a "test pat-
tern" would appear on the screen. Most test patterns looked like a dart-
board with abull's eye in the middle, similar to the one pictured on the
following page.

Think of the pattern of the test screen as the pattern encoded by a
given gene, say the one for brown eyes. The dials and switches of the
TV fine-tune the test screen by allowing you to turn it on and off and
modulate a number of characteristics, including color, hue, contrast,
brightness, vertical and horizontal holds. By adjusting the dials, you
can alter the appearance of the pattern on the screen, while not actual-
ly changing the original broadcast pattern. This is precisely the role of
regulatory proteins. Studies of protein synthesis reveal that epigenetic
"dials" can create 2,000 or more variations of proteins from the same
gene blueprint. [Bray 2003; Schmuker, et al, 2000]
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In this epigenetic analogy, the test pattern on the screen represents the protein
backbone pattern encoded by a gene. While the TV's controls can change the
appearance of the pattern (8 and C),they do not change the original pattern ofthe
broadcast (i.e., the gene). Epigenetic control modifies the read-out of a gene without
changing the DNAcode.

Parental Life Experiences Shape Their
Children's Genetic Character

We now know that the environmentally influenced fine-tuning
described above can be passed from generation to generation. A land-
mark Duke University study published in the August 1,2003 issue of
Molecular and Cellular Biology found that an enriched environment can
even override genetic mutations in mice. [Waterland and Jirtle 2003]
In the study, scientists looked at the effect of dietary supplements on
pregnant mice with the abnormal .agouti" gene. Agouti mice have
yellow coats and are extremely obese, which predisposes them to car-

diovascular disease, diabetes and cancer.
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Agouti Sisters: One year old female genetically identical agouti mice. Maternal methyl
donor supplementation shifts coat color of the offspring from yellow to brown, and
reduces the incidence of obesity, diabetes and cancer. (Photo courtesy of Jirtle and
Waterland ©)

In the experiment, one group of yellow, obese, agouti mothers
received methyl-group-rich  supplements available in health food
stores: folic acid, vitamin B12,betaine and choline. Methyl-rich sup-
plements were chosen because a number of studies have shown that
the methyl chemical group is involved with epigenetic modifica-
tions. When methyl groups attach to a gene's DNA, it changes the
binding characteristics of regulatory chromosomal proteins. If the
proteins bind too tightly to the gene, the protein sleeve cannot be
removed and the gene cannot be read. Methylating DNA can silence

or modify gene activity.

This time the headlines "Diet Trumps Genes" were accurate. The
mothers who got the methyl group supplements produced standard,
lean, brown mice, even though their offspring had the same agouti
gene as their mothers. The agouti mothers who didn't get the supple-

ments produced yellow pups, which ate much more than the brown
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pups. The yellow pups wound up weighing almost twice as much as
their lean, "pseudo-agouti" counterparts.

The University's photo on the previous page is striking. Though
the two mice are genetically identical, they are radically different in
appearance: one mouse is lean and brown and the other mouse is
obese and yellow. What you can't see in the picture is that the obese

mouse is diabetic while its genetically identical counterpart is healthy.

Other studies have found epigenetic mechanisms to be a factor in
a variety of diseases, including cancer, cardiovascular disease and dia-
betes. In fact, only 5% of cancer and cardiovascular patients can
attribute their disease to heredity. [Willett 2002] While the media made
a big hoopla over the discovery of the BRCA1 and BRCA?2 breast can-
cer genes, they failed to emphasize that ninety-five percent of breast
cancers are not due to inherited genes. The malignancies in a signifi-
cant number of cancer patients are derived from environmentally-
induced epigenetic alterations and not defective genes. [Kling 2003;
Jones 2001; Seppa 2000; Baylin 1997]

The epigenetic evidence has become so compelling that some
brave scientists are even invoking the "L" word for Jean Baptiste de
Lamarck, the much-scorned evolutionist, who believed that traits
acquired as a result of environmental influence could be passed on.
Philosopher Eva Jablonka and biologist Marion Lamb wrote in their
1995 book Epigenetic Inheritance and Evolution - The Lamarckian
Dimension: "In recent years, molecular biology has shown that the
genome is far more fluid and responsive to the environment than pre-
viously supposed. Ithas also shown that information can be transmit-
ted to descendants in ways other than through the base sequence of
DNA." [Iablonka and Lamb 1995]

We're back to where we started in this chapter, the environment.
In my own work in the laboratory, I saw over and over the impact a
changed environment had on the cells I was studying. But it was only
at the end of my research career, at Stanford, that the message fully
sank in. I saw that endothelial cells, which are the blood vessel-lining

cells I was studying, changed their structure and function depending
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on their environment. When, for example, I added inflammatory
chemicals to the tissue culture, the cells rapidly became the equivalent
of macrophages, the scavengers of the immune system. What was also
exciting to me was that the cells transformed even when I destroyed
their DNA with gamma rays. These endothelial cells were . function-
ally enucleated," yet they completely changed their biological behav-
ior in response to inflammatory agents, just as they had when their
nuclei were intact. These cells were clearly showing some ., intelligent"
control in the absence of their genes. [Lipton 1991]

Twenty years after my mentor Irv Konigsberg's advice to first con-
sider the environment when your cells are ailing, I finally got it. DNA
does not control biology and the nucleus itself is not the brain of the
cell. Just like you and me, cells are shaped by where they live. In other

words, it's the environment, stupid.
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THE MAGICAL MEMBRANE

owthat we've looked at the protein assembly machinery of
he cell, debunked the notion that the nucleus is the brain of
he cellular operation, and recognized the crucial role the
environment plays in the operation of the cell, we're on to the good
stuff - the stuff that can make sense of your life and give you insight

into ways of changing it.

This chapter puts forth my nominee for the true brain that controls
cellular life- the membrane. I believe that when you understand how
the chemical and physical structure of the cell's membrane works,
you'll start calling it, as I do, the magical membrane. Or alternatively,
capitalizing on the fact that part of the word is a homophone for brain,
I refer to it in my lectures as the magical mem-Brain. And when you
couple your understanding of the magical membrane with an under-
standing of the exciting world of quantum physics that I'll present in
the next chapter, you will also understand how wrong the tabloids

were in 1953. The true secret of life does not lie in the famed double
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helix. The true secret of life lies in understanding the elegantly simple
biological mechanisms of the magical membrane - the mechanisms by

which your body translates environmental signals into behavior.

When I started studying cell biology in the 1960s, the idea that the
membrane was the cell's brain would have been considered laughable.
And I have to concede that the membrane in those days was a sorry-
looking Mensa candidate. The membrane seemed to be just a simple,
semi-permeable, three-layered skin that held the contents of the cyto-

plasm together. Think Saran" wrap with holes.

One reason scientists misjudged the membrane is that it is so thin.
Membranes are only seven millionths of a millimeter thick. In fact,
they are so thin that they can only be seen with an electron micro-
scope, which was developed after the Second World War. So it was-
n't until the 1950s that biologists could even confirm that cell
membranes exist. Up until that time, many biologists thought the
cell's cytoplasm held together because it had a Jello™ -likeconsistency.
With the aid of microscopes, biologists learned that all living cells
have membranes and that all cell membranes share the same, basic,
three-layered structure. However, the simplicity of that structure

belies its functional complexity.

Cell biologists gained insight into the amazing abilities of the cell
membrane by studying the most primitive organisms on this planet,
the prokaryotes. Prokaryotes, which include bacteria and other
microbes, consist only of a cell membrane that envelops a droplet of
soupy cytoplasm. Though prokaryotes represent life in its most prim-
itive form, they have purpose. A bacterium does not bounce around in
its world like a ball in a pinball machine. A bacterium carries out the
basic physiologic processes of life like more complicated cells. A bac-
terium eats, digests, breathes, excretes waste matter and even exhibits
oneurological" processing. They can sense where there is food and
propel themselves to that spot. Similarly, they can recognize toxins
and predators and purposely employ escape maneuvers to save their

lives. In other words, prokaryotes display intelligence!
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So what structure in the prokaryotic cell provides its "intelli-
gence"? The prokaryotes' cytoplasm has no evident organelles that are
found in more advanced, eukaryotic cells, such as the nucleus and
mitochondria. The only organized cellular structure that can be con-
sidered a candidate for the prokaryote's brain is its cell membrane.

Bread, Butter, Olives and Pimentos

As I came to the realization that membranes were characteristic of
all intelligent life, I focused my attention on understanding their struc-
ture and function. I came up with a gastronomic treat Gustkidding) to
illustrate the basic structure of the membrane. The treat consists of a
bread and butter sandwich. To further refine the analogy, I added
olives. Actually my instructive sandwich features two kinds of olives,
ones stuffed with pimentos, the others pimento-free. Gourmands,
don't groan. When I've left this sandwich out of my lectures, repeat

members of the audience have asked me where it went!

Here's an easy experiment to show you how the" sandwich" mem-

brane works. Make a bread and butter sandwich (at the moment free
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of olives). This sandwich represents a section of the cell membrane.

Now pour a teaspoon of colored dye on top of the sandwich.

As illustration below, the dye seeps through the bread, but stops
when it gets to the butter, because the oily substance in the middle of

the sandwich provides an effective barrier.

Now let's make a bread and butter sandwich with stuffed and

unstuffed olives.

Now when we add the dye to the bread and slice the sandwich, we
see a different result. When the dye hits a pimento-stuffed olive, it
stops as surely as it stopped when it hit butter. But when the dye
reaches an olive without a pimento, the pitted olive provides a chan-
nel through which the dye can flow freely across the middle of the
sandwich, then through the bread to the plate.

The plate in this analogy represents the cell's cytoplasm. By pass-
ing through the pimento-free olive, the dye penetrates the buttery
layer to reach the other side of the "membrane" sandwich. The dye has

successfully navigated the formidable, fatty, membrane barrier!

Itis important for the cell to allow molecules to break through the

barrier because in my sandwich analogy, the dye is life-sustaining

food. If the membrane were simply a bread and butter sandwich, it
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would provide a fortress-like barrier that keeps out the cacophony of
innumerable molecular and radiant energy signals that make up a
cell's enviromnent. But the cell would die if the membrane were such
a fortress, because itwould get no nutrients. When you add the pimen-

to-free olives, which allow information and food into the cell, the
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membrane becomes a vital and ingenious mechanism enabling select-
ed nutrients to penetrate the interior of the cell, just as the teaspoonful

of dye made its way to the plate.

In real-life cellular biology, the bread and butter portion of the
sandwich represents the membrane's phospholipids, one of the two
major chemical components of the membrane. (The other major chem-
ical components are the "olive" proteins, which we'll get to below.) I
call phospholipids" schizophrenic" because they are composed of both

polar and non-polar molecules.

The fact that phospholipids contain both polar and non-polar mol-
ecules may not sound like a recipe for schizophrenia to you, but I
assure you itis. All the molecules in our Universe can be divided into
non-polar and polar categories based on the type of chemical bonds
that hold their atoms together. The bonds among polar molecules have
positive and/or negative charges, hence their polarity. These mole-
cules' positive and negative charges cause them to behave like mag-

nets, attracting or repelling other charged molecules.

Polar molecules include water and things that dissolve in water.
Non-polar molecules include oil and substances that dissolve in oil;
there are no positive or negative charges among their atoms.
Remember the adage, water and oil don't mix? Neither do oily non-
polar and watery polar molecules. To visualize the lack of interaction
between polar and non-polar molecules, think of your bottle of Italian
salad dressing. You do your best to get vinegar and oil to bond by
shaking the bottle, but when you set the bottle down, they separate.
That's because molecules, like people, prefer environments that offer
them stability. For their stability, polar (vinegar) molecules seek out
watery polar environments and non-polar (olive oil) molecules seek
out non-polar environments. Phospholipid molecules, comprised of
both polar and non-polar lipid regions, have a difficult time in seeking
stability. The phosphate portion of the molecule is motivated to seek
water, while its lipid portion abhors water and seeks stability by dis-
solving inoil.
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However, when cells came together in community, a new politic
had to be established. In community, each cell cannot act as an inde-
pendent agent that does whatever it wants. The term "community"

implies that all of its members commit to a common plan of action. In

n n

multicellular animals, individual cells may "see" the local environ-
ment outside of their own" skin," but they may have no awareness of
what is going on in more distant environments, especially those out-
side of the whole organism itself. Can a liver cell buried in your vis-
cera, responding to its local environmental signals, make an informed
response regarding the consequence of a mugger that jumps into your
environment? The complex behavior controls needed to ensure a mul-
ticellular organization's survival are incorporated within its central-

ized information processing system.

As more complex animals evolved, specialized cells took over the
job of monitoring and organizing the flow of the behavior regulating
signal molecules. These cells provided a distributed nerve network
and central information processor, a brain. The brain's function is to
coordinate the dialogue of signal molecules within the community.
Consequently, in a community of cells, each cell must acquiesce con-
trol to the informed decisions of its awareness authority, the brain. The
brain controls the behavior of the body's cells. This is a very important
point to consider as we blame the cells of our organs and tissues for the

health issues we experience in our lives.

Emotions: Feeling the
Language of Cells

In higher, more aware life forms, the brain developed a specializa-
tion that enabled the whole community to tune into the status of its
regulatory signals. The evolution of the limbic system provided a
unique mechanism that converted the chemical communication sig-
nals into sensations that could be experienced by all of the cells in the
community. Our conscious mind experiences these signals as emo-
tions. The conscious mind not only "reads" the flow of the cellular

coordinating signals that comprise the body's "mind," it can also gen-
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erate emotions, which are manifest through the controlled release of

regulatory signals by the nervous system.

At the same time that I was studying the mechanics of the cell's
brain and gaining insight into the operation of the human brain,
Candace Pert was studying the human brain and becoming aware of
the mechanics of the cell's brain. In Molecules of Emotion, Pert revealed
how her study of information-processing receptors on nerve cell mem-
branes led her to discover that the same "neural" receptors were pre-
sent on most, if not all, of the body's cells. Her elegant experiments
established that the "mind" was not focused in the head, but was dis-
tributed via signal molecules to the whole body. As importantly, her
work emphasized that emotions were not only derived through a feed-
back of the body's environmental information. Through self-con-
sciousness, the mind can use the brain to generate "molecules of
emotion" and override the system. While proper use of consciousness
can bring health to an ailing body, inappropriate unconscious control
of emotions can easily make a healthy body diseased, a topic I will
expand upon in Chapters 6 and 7. Molecules of Emotion is a very
insightful book describing the scientific discovery process. Italso pro-
vides some revealing insights into the struggles encountered when
trying to introduce new "ideas" into science's Old Boy Club, a subject
with which I am all too familiar! [Pert 1997]

The limbic system offered a major evolutionary advance through
its ability to sense and coordinate the flow of behavior-regulating sig-
nals within the cellular community. As the internal signal system
evolved, its greater efficiency enabled the brain to increase in size.
Multicellular organisms gained increasingly more cells that were ded-
icated to responding to an ever-wider variety of external environmen-
tal signals. While individual cells can respond to simple sensory
perceptions such as red, round, aromatic, and sweet, the extra brain-
power available in multicellular animals enables them to combine
those simple sensations into a higher level of complexity and perceive
"apple."
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Fundamental reflex behaviors acquired through evolution are
passed on to offspring in the form of genetic-based instincts. The evo-
lution of larger brains, with their increased neural cell population,
offered organisms the opportunity not only to rely on instinctual
behavior, but also to learn from their life experiences. The learning of
novel reflex behaviors is essentially a product of conditioning. For
example, consider the classic example of Pavlov training his dogs to
salivate at the ring of a bell. He first trained them by ringing a bell and
coupling that stimulus with a food reward. After awhile, he would
ring the bell but not offer the food. By that time, the dogs were so pro-
grammed to expect the food that when the bell rang, they reflexively
started to salivate even though no food was present. This is clearly an

"unconscious," learned reflex behavior.

Reflex behaviors may be as simple as the spontaneous kick of the
leg when a mallet taps the knee, or as complex as driving a car at sixty-
five miles per hour on a crowded interstate highway while your con-
scious mind is fully engaged in conversation with a passenger.
Though conditioned behavioral responses may be inordinately com-
plex, they are "no-brainers." Through the conditioned learning
process, neural pathways between eliciting stimuli and behavioral
responses become hardwired to ensure a repetitive pattern.
Hardwired pathways are "habits." In lower animals, the entire brain is
designed to engage in purely habitual responses to stimuli. Pavlov's
dogs salivate by reflex ...not by deliberate intention. The actions of the
subconscious mind are reflexive in nature and are not governed by
reason or thinking. Physically, this mind is associated with the activi-
ties of all of the brain structures that are present in animals that have

not evolved self-consciousness.

Humans and a number of other higher mammals have evolved a
specialized region of the brain associated with thinking, planning and
decision-making called the prefrontal cortex. This portion of the fore-
brain is apparently the seat of the "self-conscious" mind processing.
The self-conscious mind is self-reflective; it is a newly evolved" sense
organ" that observes our own behaviors and emotions. The self-con-

scious mind also has access to most of the data stored in our long-term
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memory bank. This is an extremely important feature allowing our

history of life to be considered as we consciously plan our futures.

Endowed with the ability to be self-reflective, the self-conscious
mind is extremely powerful. Itcan observe any programmed behavior
we are engaged in, evaluate the behavior and consciously decide to
change the program. We can actively choose how to respond to most
environmental signals and whether we even want to respond at all.
The conscious mind's capacity to override the subconscious mind's

preprogrammed behaviors is the foundation of free will.

However, our special gift comes with a special pitfall. While
almost all organisms have to actually experience the stimuli of life
first-hand, the human brain's ability to "learn" perceptions is so
advanced that we can actually acquire perceptions indirectly from
teachers. Once we accept the perceptions of others as "truths," their
perceptions become hardwired into our own brains, becoming our
"truths." Here's where the problem arises: what if our teachers' per-
ceptions are inaccurate? In such cases, our brains are then downloaded
with misperceptions. The subconscious mind is strictly a stimulus-
response playback device; there is no "ghost" in that part of the
"machine" to ponder the long-term consequences of the programs we
engage. The subconscious works only in the "now." Consequently,
programmed misperceptions in our subconscious mind are not" mon-
itored" and will habitually engage us in inappropriate and limiting
behaviors.

If Iincluded as a bonus in this chapter a slithering snake that pops
out of this page right now, most of you would run from the room or
throw the book out of the house. Whoever "introduced" you to your
first snake may have behaved in such a shocked way as to give your
impressionable mind an apparently important life lesson: See
snake ...snake baaad! The subconscious memory system is very partial
to rapidly downloading and emphasizing perceptions regarding
things in your environment that are threatening to life and limb. If you

were taught that snakes are dangerous, any time a snake comes into
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your proximity, you reflexively (unconsciously) engage in a protective
response.

But what if a herpetologist were reading this and a snake
popped out? No doubt herpetologists would not only be intrigued by
the snake, they would be thrilled with the bonus included in the book
Or at least they'd be thrilled once they figured out that the book's
snake was harmless. They would then hold it and watch its behaviors
with delight They would think that your programmed response was
an irrational one, because not all snakes are dangerous, Further they
would be saddened by the fact that so many people are deprived of the
pleasure of such interesting creatures. Same snake, same

stimulus, greatly different responses.

Our responses to environmental stimuli are indeed controlled by
perceptions, but not all of our learned perceptions are accurate. Not all
snakes are dangerous! Yes, perception "controls" biology, but as we've
seen; these perceptions can be true or false. Therefore, we would be

more accurate to refer to these controlling perceptions 6S beli~fs.
control biology!

Ponder the significance this information. We have the capacity
to consciously evaluate our responses to environmental stimuli and
change old responses any time we desire ...once we deal with the pow~
erful subconscious mind, which I discuss in more depth in Chapter 7.

Vileare not stuck with our genes or om self-defeating behaviors!

Hovv the /Wiind Controls the Body

My insights into how beliefs control biology are grounded in my
studies of cloned endothelial cells, the cells that line the blood vessels.
The endothelial cells I grew in culture monitor their world closely and
change their behavior based on information they pick up from the
environment. When I provided nutrients, the cells would gravitate
toward those nutrients with the cellular equivalent of open arms.
When 1 created a toxic environment, the cultured cells would retreat

the stimulus in an effort to wall themselves off from the noxious
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agents. My research focused on the membrane perception switches
that controlled the shift from one behavior to the other.

The primary switch I was studying has a protein receptor that
responds to histamine, a molecule that the body uses in a way that is
equivalent to a local emergency alarm. I found that there are two vari-
eties of switches, HI and H2, that respond to the same histamine sig-
nal. When activated, switches with HI histamine receptors evoke a
protection response, the type of behavior revealed by cells in toxin-con-
taining culture dishes. Switches containing H2 histamine receptors
evoke a growth response to histamine, similar to the behavior of cells
cultured in the presence of nutrients.

I subsequently learned that the body's system-wide emergency
response signal, adrenaline, also has switches sporting two different
adrenaline-sensing  receptors, called alpha and beta. The adrenaline
receptors provoked the exact same cell behaviors as those elicited by
histamine. When the adrenal alpha-receptor is part of an IMP switch, it
provokes a protection response when adrenaline is perceived. When
the beta-receptor is part of the switch, the same adrenaline signal acti-
vates a growth response. [Lipton, et al, 1992]

All that was interesting, but the most exciting finding was when I
simultaneously introduced both histamine and adrenaline into my tis-
sue cultures. I found that adrenaline signals, released by the central
nervous system, override the influence of histamine signals that are
produced locally. This is where the politics of the community
described earlier comes in to play. Suppose you're working in a bank.
The branch manager gives you an order. The CEO walks in and gives
you the opposite order. Which order would you follow? If you want to
keep your job you'll snap to the CEO's order. There is a similar prior-
ity built into our biology, which requires cells to follow instructions
from the head honcho nervous system, even if those signals are in con-
flict with local stimuli.

I was excited by my experiments because I believed that they
revealed on the single-cell level a truth for multicellular organisms-

that the mind (i.e. acting via the central nervous system's adrenaline)
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overrides the body (acting via the local histamine signal). I wanted to
spell out the implications of my experiments in my research paper, but
my colleagues almost died from apoplexy at the notion of injecting the
body-mind connection into a paper about cell biology. So I put in a
cryptic comment about understanding the significance of the study,
but I couldn't say what the significance was. My colleagues did not
want me to include these implications of my research because the
mind is not an acceptable biological concept. Bio-scientists are con-
ventional Newtonians-if it isn't matter ...it doesn't count. The "mind"
is a non-localized energy and therefore is not relevant to materialistic
biology. Unfortunately, that perception is a "belief" that has been

proven to be patently incorrect in a quantum mechanical universe!

Placebos: The Belief Effect

Every medical student learns, at least in passing, that the mind can
affect the body. They learn that some people get better when they
believe (falsely) they are getting medicine. When patients get better by
ingesting a sugar pill, medicine defines it as the placebo effect. My friend
Rob Williams, founder of PSYCH-K, an energy-based psychological
treatment system, suggests that it would be more appropriate to refer
to it as the perception effect. 1 call it the belief effect to stress that our per-
ceptions, whether they are accurate or inaccurate, equally impact our
behavior and our bodies.

I celebrate the belief effect, which is an amazing testament to the
healing ability of the body/mind. However, the" all in their minds"
placebo effect has been linked by traditional medicine to, at worst,
quacks or, at best, weak, suggestible patients. The placebo effect is
quickly glossed over in medical schools so that students can get to the

real tools of modern medicine like drugs and surgery.

This is a giant mistake. The placebo effect should be a major topic
of study in medical school. I believe that medical education should
train doctors to recognize the power of our internal resources. Doctors
should not dismiss the power of the mind as something inferior to the

power of chemicals and the scalpel. They should let go of their con-
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viction that the body and its parts are essentially stupid and that we

need outside intervention to maintain our health.

The placebo effect should be the subject of major, funded research
efforts. If medical researchers could figure out how' to leverage the
placebo effect, they would hand doctors an efficient, energy-based,
side effect-free tool to treat disease. Energy healers say they already
have such tools, but I am a scientist and I believe the more 'we know
about the science of the placebo, the better we'll be able to use it in clin-

ical settings.

I believe the reason the mind has so summarily been dismissed in
medicine is the result, not only of dogmatic thinking, but also of finan-
cial considerations. If the power of your mind can heal your sick body,
why should you go to the doctor and more importantlyywhy  would
you need to buy drugs? In fact, I was recently chagrined to learn that
drug companies are studying patients 'who respond to sugar pills with
the goal of eliminating them from early clinical trials. Itinevitably dis-
turbs pharmaceutical ~manufacturers that in most of their clinical trials
the placebos, the" fake" drugs, prove to be as effective as their engi-
neered chemical cocktails. [Greenberg 2003] Though the drug compa-
nies insist they're not trying to make it easier for ineffective drugs to
get approved, it is clear that effectiveness of placebo pills are a threat
to the pharmaceutical industry. The message from the drug companies
is clear to me: if you can't beat placebo pills fairly, simply remove the

competition!

The fact that most doctors are not trained to consider the impact of
the placebo effect is ironic because some historians make a strong case
that the history of medicine is largely the history of the placebo effect.
For most of medical history, doctors did not have effective methods to
fight disease. Some of the more notorious treatments once prescribed
by mainstream medicine include bloodletting, treating wounds with
arsenic, and the proverbial cure-all, rattlesnake oil. No doubt some
patients, the conservatively estimated one third of the population who
are particularly susceptible to the healing power of the placebo effect,
got better with those treatments. In today's world, when doctors wear-
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ing white coats deliver a treatment decisively, patients may believe the
treatment works - and so it does, whether it is a real drug or just a

sugar pill.

Though the question of how placebos work has in the main been
ignored by medicine, recently some mainstream medical researchers
are turning their attention to it. The results of those studies suggest
that it is not only wacky, nineteenth-century treatments that can foster
a placebo effect but also modern medicine's sophisticated technology,

including the most" concrete" of medical tools, surgery.

A Baylor School of Medicine study, published in 2002 in the New
England Journal of Medicine evaluated surgery for patients with severe,
debilitating knee pain. [Moseley, et al, 2002] The lead author of the
study, Dr. Bruce Moseley, "knew" that knee surgery helped his
patients: "All good surgeons know there is no placebo effect in
surgery." But Moseley was trying to figure out which part of the
surgery was giving his patients relief. The patients in the study were
divided into three groups. Moseley shaved the damaged cartilage in
the knee of one group. For another group, he flushed out the knee
joint, removing material thought to be causing the inflammatory
effect. Both of these constitute standard treatment for arthritic knees.
The third group got "fake" surgery. The patient was sedated, Moseley
made three standard incisions and then talked and acted just as he
would have during areal surgery - he even splashed salt water to sim-
ulate the sound of the knee-washing procedure. After 40 minutes,
Moseley sewed up the incisions as if he had done the surgery. All three
groups were prescribed the same postoperative care, which included

an exercise program.

The results were shocking. Yes, the groups who received surgery,
as expected, improved. But the placebo group improved just as much
as the other two groups! Despite the fact that there are 650,000 surg-
eries yearly for arthritic knees, at a cost of about $5,000 each, the results
were clear to Moseley: "My skill as a surgeon had no benefit on these
patients. The entire benefit of surgery for osteoarthritis of the knee was

the placebo effect." Television news programs graphically illustrated

139



The Biology of  Belief

the stunning results. Footage showed members of the placebo group
walking and playing basketball, in short doing things they reported
they could not do before their "surgery." The placebo patients didn't
find out for two years that they had gotten fake surgery. One member
of the placebo group, Tim Perez, who had to walk with a cane before
the surgery, is now able to play basketball with his grandchildren. He
summed up the theme of this book when he told the Discovery Health
Channel: "In this world anything is possible when you put your mind

to it. I know that your mind can work miracles."

Studies have shown the placebo effect to be powerful in treating
other diseases, including asthma and Parkinson's. In the treatment of
depression, placebos are stars. So much so that psychiatrist Walter
Brown of the Brown University School of Medicine has proposed
placebo pills as the first treatment for patients with mild or moderate
depression. [Brown 1998] Patients would be told that they're getting a
remedy with no active ingredient, but that shouldn't dampen the pills'
effectiveness. Studies suggest that even when people know they're not
getting a drug, the placebo pills still work.)

One indication of the power of the placebo came from a report
from the United States Department of Health and Human Services.
The report found that half of severely depressed patients taking drugs
improve versus thirty-two percent taking a placebo. [Horgan 1999]
Even that impressive showing may underestimate the power of the
placebo effect because many study participants figure out they're tak-
ing the real drug because they experience side effects that are not expe-
rienced by those taking the placebo. Once those patients realize they're
taking the drug, i.e. once they start believing that they're getting the real
pill, they are particularly more susceptible to the placebo effect.

Given the power of the placebo, it is no wonder that the $8.2 bil-
lion antidepressant industry is under attack by critics who charge that
drug companies are hyping the effectiveness of their pills. In a 2002
article in the American Psychological Association's Prevention &
Treatment, "The Emperor's New Drugs," University of Connecticut
psychology professor Irving Kirsch found that eighty percent of the
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effect of antidepressants, as measured in clinical trials, could be attrib-
uted to the placebo effect. [Kirsch, et al, 2002] Kirsch had to invoke the
Freedom of Information Act in 2001 to get information on the clinical
trials of the top antidepressants: these data were not forthcoming from
the Food and Drug Administration. The data show that in more than
half of the clinical trials for the six leading antidepressants, the drugs
did not outperform placebo, sugar pills. And Kirsch noted in a
Discovery Health Channel interview that: "The difference between the
response of the drugs and the response of placebo was less than two
points on average on this clinical scale that goes from fifty to sixty
points. That's a very small difference. That difference clinically is

n

meaningless.

Another interesting fact about the effectiveness of antidepressants
is that they have performed better and better in clinical trials over the
years, suggesting that their placebo effects are in part due to savvy
marketing. The more the miracle of antidepressants was touted in the
media and in advertisements, the more effective they became. Beliefs
are contagious! We now live in a culture where people believe that anti-
depressants work, and so they do.

A California interior designer, Janis Schonfeld, who took part in a
clinical trial to test the efficacy of Effexor in 1997, was just as" stunned"
as Perez when she found out that she had been on a placebo. Not only
had the pills relieved her of the depression that had plagued her for
thirty years, the brain scans she received throughout the study found
that the activity of her prefrontal cortex was greatly enhanced.
[Leuchter, et al, 2002] Her improvements were not" all in her head."
When the mind changes, it absolutely affects your biology. Schonfeld
also experienced nausea, a common Effexor side effect. She is typical
of patients who improve with placebo treatment and then find out
they were not on the real drug - she was convinced the doctors had
made a mistake in the labeling for she "knew" she was on the drug.
She insisted that the researchers double-check their records to make

absolutely sure she wasn't on the drug.
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Nocebos: The Power
of Negative Beliefs

While many in the medical profession are aware of the placebo
effect, few have considered its implications for self-healing. If positive
thinking can pull you out of depression and heal a damaged knee, con-
sider what negative thinking can do in your life. When the mind,
through positive suggestion improves health, it is referred to as the
placebo effect. Conversely, when the same mind is engaged in nega-
tive suggestions that can damage health, the negative effects are
referred to as the nocebo effect.

In medicine, the nocebo effect can be as powerful as the placebo
effect, a fact you should keep in mind every time you step into a doc-
tor's office. By their words and their demeanor, physicians can convey
hope-deflating messages to their patients, messages that are, I believe
completely unwarranted. Albert Mason for example, thinks his inabil-
ity to project optimism to his patients hampered his efforts with his
ichthyosis patients. Another example is the potential power of the
statement: "You have six months to live." If you choose to believe your
doctor's message, you are not likely to have much more time on this
Earth.

I have cited the Discovery Health Channel's 2003 program
"Placebo: Mind Over Medicine" in this chapter because it is a good
compendium of some of medicine's most interesting cases. One of its
more poignant segments featured a Nashville physician, Clifton
Meador, who has been reflecting on the potential power of the nocebo
effect for 30 years. In 1974 Meador had a patient, Sam Londe, a retired
shoe salesman suffering from cancer of the esophagus, a condition that
was at the time considered 100 per cent fatal. Londe was treated for
that cancer but everyone in the medical community "knew" that his
esophageal cancer would recur. So it was no surprise when Londe
died a few weeks after his diagnosis.

The surprise came after Londe's death when an autopsy found
very little cancer in his body, certainly not enough to kill him. There

were a couple of spots in the liver and one in the lung, but there was
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no trace of the esophageal cancer that everyone thought had killed
him. Meador told the Discovery Health Channel: "He died with can-
cer, but not from cancer." What did Londe die of if not esophageal can-
cer? Had he died because he believed he was going to die? The case still
haunts Meador three decades after Londe's death: "I thought he had
cancer. He thought he had cancer. Everybody around him thought he
had cancer ...did I remove hope in some way?" Troublesome nocebo
cases suggest that physicians, parents and teachers can remove hope

by programming you to believe you are powerless.

Our positive and negative beliefs not only impact our health, but
also every aspect of our life. Henry Ford was right about the efficien-
cy of assembly lines and he was right about the power of the mind: "If
you believe you can or if you believe you can't ...you're right." Think
about the implications of the man who blithely drank the bacteria that
medicine had decided caused cholera. Consider the people who walk
across coals without getting burned. If they wobble in the steadfast-
ness of their belief that they can do it, they wind up with burned feet.
Your beliefs act like filters on a camera, changing how you see the
world. And your biology adapts to those beliefs. When we truly rec-
ognize that our beliefs are that powerful, we hold the key to freedom.
While we cannot readily change the codes of our genetic blueprints,

we can change our minds.

In my lectures Iprovide two sets of plastic filters, one red and one
green. I have the audience pick one color and then look at a blank
screen. I then tell them to yell out whether the image I project next is
one that generates love or generates fear. Those in the audience that
don the red "belief" filters see an inviting picture of a cottage labeled
"House of Love," flowers, a sunny sky and the message "I live in
Love." Those wearing the green filters see a threatening dark sky, bats,
snakes, a ghost hovering outside a dark, gloomy house and the words
"I live in fear." I always get enjoyment out of seeing how the audience
responds to the confusion when half yell out "I live in love," and the
other half, in equal certainty, yells out "I live in fear" in response to the

same image.
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Then I ask the audience to change to the opposite colored filters.
My point is that you can choose what to see. You can filter your life
with rose-colored beliefs that will help your body grow or you can use
a dark filter that turns everything black and makes your body/mind
more susceptible to disease. You can live a life of fear and or live a life
of love. You have the choice! But I can tell you that if you choose to see
a world full of love, your body will respond by growing in health. If
you choose to believe that you live in a dark world full of fear, your
body's health will be compromised as you physiologically close your-

self down in a protection response.

Learning how to harness your mind to promote growth is the
secret of life, which is why I called this book The Biology of Belief Of
course the secret of life is not a secret at all. Teachers like Buddha and
Jesus have been telling us the same story for millennia. Now science is
pointing in the same direction. Itis not our genes but our beliefs that
control our lives ...Oh ye of little belief!

That thought is a good entree into the next chapter, in which I'll
detail how living in love and living in fear create opposite effects in the
body and the mind. Before we leave this chapter, I'd just like to
emphasize again that not only is there nothing wrong with going
through life wearing the proverbial rose-colored glasses. In fact, those
rose-colored glasses are necessary for your cells to thrive. Positive
thoughts are a biological mandate for a happy, healthy life. In the
words of Mahatma Gandhi:

Your beliefs become your thoughts
Your thoughts become your words
Your words become your actions
Your actions become your habits
Your habits become your values

Your values become your destiny
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volution has provided us with lots of survival mechanisms.

They can be roughly divided into two functional categories:

growth and protection. These growth and protection mecha-
nisms are the fundamental behaviors required for an organism to sur-
vive. I'm sure you know how important it is to protect yourself. You
may not realize though that growth is vitally important for your sur-
vival as well-even if you're an adult who has reached your full
height. Every day billions of cells in your body wear out and need to
be replaced. For example, the entire cellular lining of your gut is
replaced every seventy-two hours. In order to maintain this continu-
ous turnover of cells, your body needs to expend a significant amount
of energy daily.

By now you won't be surprised to learn that I first became aware
of how important growth and protection behaviors are in the labora-
tory where my observations of single cells have so often led me to

insights about the multicellular human body. When I was cloning
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human endothelial cells, they retreated from toxins that I introduced
into the culture dish, just as humans retreat from mountain lions and
muggers in dark alleys. They also gravitated to nutrients, just as
humans gravitate to breakfast, lunch, dinner and love. These opposing
movements define the two basic cellular responses to environmental
stimuli. Gravitating fo a life-sustaining signal, such as nutrients, char-
acterizes a growth response; moving away from threatening signals,
such as toxins, characterizes a protection response. It must also be
noted that some environmental stimuli are neutral; they provoke nei-

ther a growth nor a protection response.

My research at Stanford showed that these growth/protection
behaviors are also essential for the survival of multicellular organisms
such as humans. But there is a catch to these opposing survival mech-
anisms that have evolved over billions of years. It turns out that the
mechanisms that support growth and protection cannot operate opti-
mally at the same time. In other words, cells cannot simultaneously
move forward and backward. The human blood vessel cells I studied
at Stanford exhibited one microscopic anatomy for providing nutrition
and a completely different microscopic anatomy for providing a pro-:
tection response. What they couldn't do was exhibit both configura-
tions at the same time. [Lipton, et al, 1991]

In a response similar to that displayed by cells, humans unavoid-
ably restrict their growth behaviors when they shift into a protective
mode. If you're running from a mountain lion, it's not a good idea to
expend energy on growth. In order to survive-that is, escape the
lion - you summon all your energy for your fight or flight response.
Redistributing  energy reserves to fuel the protection response
inevitably results in a curtailment of growth.

In addition to diverting energy to support the tissues and organs
needed for the protection response, there is an additional reason why
growth is inhibited. Growth processes require an open exchange
between an organism and its environment. For example, food is taken

in and waste products are excreted. However, protection requires a
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closing down of the system to wall the organism off from the per-
ceived threat.

Inhibiting growth processes is also debilitating in that growth is a
process that not only expends energy but is also required to produce
energy. Consequently, a sustained protection response inhibits the cre-
ation of life-sustaining energy. The longer you stay in protection, the
more you compromise your growth. In fact, you can shut down
growth processes so completely that it becomes a truism that you can
be "scared to death."

Thankfully, most of us don't get to the "scared to death" point.
Unlike single cells, the growth/protection response in multicellular
organisms is not an either/or proposition - not all of our 50 trillion
cells have to be in growth or protection mode at the same time. The
proportion of cells in a protection response depends on the severity of
the perceived threats. You can survive while under stress from these
threats but chronic inhibition of growth mechanisms severely com-
promises your vitality. Itis also important to note that to fully experi-
ence your vitality it takes more than just getting rid of life's stressors.
In a growth/ protection continuum, eliminating the stressors only puts
you at the neutral point in the range. To fully thrive, we must not only
eliminate the stressors but also actively seek joyful, loving, fulfilling
lives that stimulate growth processes.

The Biology of Homeland Defense

In multicellular organisms, growth/ protection behaviors are con-
trolled by the nervous system. Itis the nervous system's job to moni-
tor environmental signals, interpret them, and organize appropriate
behavioral responses. In a multicellular community, the nervous sys-
tem acts like the government in organizing the activities of its cellular
citizens. When the nervous system recognizes a threatening environ-

mental stress, it alerts the community of cells to impending danger.

The body is actually endowed with two separate protection sys-
tems, each vital to the maintenance of life. The first is the system that
mobilizes protection against external threats. Itis called the HP A axis,
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which stands for the Hypothalamus-Pituitary-Adrenal Axis. When
there are no threats, the HP A axis is inactive and growth flourishes.
However, when the brain's hypothalamus perceives an environmental
threat, it engages the HP A axis by sending a signal to the pituitary
gland, the "Master Gland," which is responsible for organizing the

fifty trillion cells of the community to deal with the impending threat.

Think back to the cell membrane's stimulus-response mechanism,
the receptor-effector proteins - the hypothalamus and pituitary gland
are behavioral equivalents. Similar to the role of a receptor protein, the
hypothalamus receives and recognizes environmental signals; the
pituitary's function resembles that of the effector protein in that it
launches the body's organs into action. In response to threats from the
external environment, the pituitary gland sends a signal to the adren-
al glands, informing them of the need to coordinate the body's" fight
or flight" response.

The technical details of how stress stimuli engage the HP A axis fol-
Iowa simple cascade: In response to perceptions of stress registered in
the brain, the hypothalamus secretes a corticotropin-releasing factor
(CRF'),which travels to the pituitary gland. CRF activates special pitu-
itary hormone-secreting cells causing them to release adrenocorti-
cotropic hormones (ACTH) into the blood. The ACTH then makes its
way to the adrenal glands, where it serves as the signal to turn on the
secretion of the "fight-flight" adrenal hormones. These stress hor-
mones coordinate the function of the body's organs, providing us with

great physiologic power to fend off or flee danger.

Once the adrenal alarm is sounded, the stress hormones released
into the blood constrict the blood vessels of the digestive tract, forcing
the energy-providing blood to preferentially nourish the tissues of the
arms and legs that enable us to get out of harm's way. Before the blood
was sent to the extremities, it was concentrated in the visceral organs.
Redistributing the viscera's blood to the limbs in the fight or flight
response results in an inhibition of growth-related functions; without
the blood's nourishment the visceral organs cannot function properly.

The visceral organs stop doing their life-sustaining work of digestion,
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absorption, excretion and other functions that provide for the growth
of the cells and the production of the body's energy reserves. Hence,
the stress response inhibits growth processes and further compromis-
es the body's survival by interfering with the generation of vital ener-

gy reserves.

The body's second protection system is the immune system, which
protects us from threats originating under the skin, such as those
caused by bacteria and viruses. When the immune system is mobi-
lized, itcan consume much of the body's energy supply. To get a sense

Fight
Stress or
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of how much energy the immune system expends, recall how physi-
cally weak you become when you are fighting infections such as a flu
or a cold. When the HP A axis mobilizes the body for fight or flight
response, the adrenal hormones directly repress the action of the
immune system to conserve energy reserves. In fact, stress hormones
are so effective at curtailing immune system function that doctors pro-
vided them to recipients of transplants so that their immune systems
wouldn't reject the foreign tissues.

Why would the adrenal system shut down the immune system?
Imagine that you are in your tent on the African savannah suffering
from a bacterial infection and experiencing a bad case of diarrhea. You
hear the gutty growl of a lion outside your tent. The brain must make
a decision about which is the greater threat. It will do your body no
good to conquer the bacteria if you let a lion maul you. So your body
halts the fight against the infection in favor of mobilizing energy for
flight to survive your close encounter with a lion. Therefore, a sec-
ondary consequence of engaging the HP A axis is that itinterferes with

our ability to fight disease.

Activating the HP A axis also interferes with our ability to think
clearly. The processing of information in the forebrain, the center of
executive reasoning and logic, is significantly slower than the reflex
activity controlled by the hindbrain. In an emergency, the faster the
information processing, the more likely the organism will survive.
Adrenal stress hormones constrict the blood vessels in the forebrain
reducing its ability to function. Additionally, the hormones repress
activity in the brain's prefrontal cortex, the center of conscious voli-
tional action conscious activity. In an emergency, the vascular flow
and hormones serve to activate the hindbrain, the source of life-sus-
taining reflexes that most effectively control fight or flight behavior.
While it is necessary that stress signals repress the slower processing
conscious mind to enhance survival, it comes at a cost ...diminished
conscious awareness and reduced intelligence. [Takamatsu, et al,2003;
Arnsten and Goldman-Rakic 1998; Goldstein, et al, 1996]
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Fear Kills

Remember the shell shocked, frozen look on my Caribbean med-
ical students' faces when they failed my test, the medical school equiv-
alent of a voracious lion? Had my students stayed frozen in fear, I can
guarantee you that they would have performed dismally on their
finals. The simple truth is, when you're frightened you're dumber.
Teachers see it all the time among students who "don't test well"
Exam stress paralyzes these students who, with trembling hands,
mark wrong answers because in their panic, they can't access cere-

brally stored information they have carefully acquired all semester.

The HP A system is a brilliant mechanism for handling acute
stresses, However, this protection system was not designed to be con-
tinuously activated. In today's world, most of the stresses we are expe-
riencing are not in the form of acute, concrete "threats" that we can
easily identify, respond to and move on. We are constantly besieged
by multitudes of unresolvable worries about our personal lives, our
jobs, and our war-torn global community. Such worries do not threat-
en our immediate survival but they nevertheless can activate the HP A

axis, resulting in chronically elevated stress hormones.

To illustrate the adverse effects of sustained adrenaline, let's use
an example of a track race. An extremely well-trained and healthy
group of sprinters step up to the starting line. When they hear the com-
mand: "On your mark!" they get on their hands and knees and adjust
their feet into the starting blocks. Then the starter barks out, "Get set."
The athletes' muscles tighten as they prop themselves up on their fin-
gers and toes. When they shift into" Get set" mode, their bodies release
the flight-promoting adrenaline hormones that power their muscles
for the arduous task ahead. While the athletes are on hold awaiting the
"Go" command, their bodies are straining in anticipation of that task.
In a normal race, that strain lasts only a second or two before the
starter yells, "Go!" However, in our mythical race, the "Go" command,
which would launch the athletes into action, never comes. The athletes
are left in the starting blocks, their blood coursing with adrenaline,

their bodies fatiguing with the strain of preparing for the race that
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never comes. No matter how toned their physique, within seconds,

these athletes will physically collapse from the strain.

We live in a "Get set" world and an increasing body of research
suggests that our hyper-vigilant lifestyle is severely impacting the
health of our bodies. Our daily stressors are constantly activating the
HPA axis, priming our bodies for action. Unlike competitive athletes,
the stresses in our bodies are not released from the pressures generat-
ed by our chronic fears and concerns. Almost every major illness that
people acquire has been linked to chronic stress. [Segerstrom and
Miller 2004; Kopp and Rethelyi 2004; McEwen and Lasky 2002;
McEwen and Seeman 1999]

In a revealing study published in 2003 in Science, researchers con-
sidered why patients on SSRI antidepressants, such as Prozac or
Zoloft, don't feel better right away. There is usually at least a two-
week lag between starting the drugs and the time the patients feel they
are getting better. The study found that depressed people exhibit a
surprising lack of cell division in the region of the brain called the hip-
pocampus, a part of the nervous system involved with memory.
Hippocampal cells renewed cell division at the time patients first
began to experience the mood -shifting effect of the SSRI drugs, weeks
after the onset of the drug regimen. This study and others challenge
the theory that depression is simply the result of a "chemical imbal-
ance" affecting the brain's production of monoamine signaling chem-
icals, specifically serotonin. If it were as simple as that, the SSRIdrugs

would likely restore that chemical balance right away.

More researchers are pointing to the inhibition of neuronal growth
by stress hormones as the source of depression. In fact, in chronically
depressed patients, the hippocampus and the prefrontal cortex, the
center of higher reasoning, are physically shrunken. A review of this
study published in Science reported: "Overtaking the monoamine
hypothesis in recent years has been the stress hypothesis, which posits
that depression is caused when the brain's stress machinery goes into
overdrive. The most prominent player in this theory is the hypothala-
mic-pituitary-adrenal  (HPA) axis." [Holden 2003]
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The HP A axis' effect on the cellular community mirrors the effect
of stress on a human population. Picture a vibrant community back in
the Cold War years, when the possibility of a nuclear attack by the
Russians weighed heavily on Americans' minds. Like cells in a multi-
cellular organism, the members of this Cold War society actively work
at jobs that contribute to the community's growth and usually get
along with each other. Factories are busy manufacturing, construction
people are building new homes, grocery stores are selling food, and
kids are in school learning their ABCs. The community is in a state of
health and growth while its residents constructively interact toward a

common goal.

Suddenly, the sound of an air raid siren rocks the town.
Everyone stops working to run off, seeking the safety of bomb shel-
ters. The harmony of the community is disrupted as individuals,
acting only in support of their own survival, fight their way to a
bomb shelter. After five minutes, the all-clear signal sounds.
Residents return to their jobs and resume their life in a growing

community.

But what would happen if the sirens sound, the residents run into
their air raid shelters and there is no all-clear signal to release them?
People would stay in their protective postures indefinitely. How long
can they maintain their protection posture? The community eventual-
ly collapses in the face of dwindling food and water supplies. One by
one even the strongest die because chronic stress is debilitating. A
community can easily survive short-term stress, like an air raid drill,
but when the stress goes on and on it results in cessation of growth and
the breakdown of the community.

Another illustration of the influence of stress on a population is the
story of the 9/11 tragedy. Up to the moment those terrorists attacked,
the country was in a state of growth. Then immediately after 9/11, as
the shock of the news spread to reach not just the people of New York
but the entire nation, we experienced a threat to our survival. The
impact of government proclamations stressing the continued presence

of danger in the wake of the attack, were like the influence of the
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adrenal signals. They shifted the members of the community from a
state of growth to a state of protection. After a few days of this heart-
stopping fear, the country's economic vitality was so compromised

that the president had to intervene. To stimulate growth, the president

repeatedly emphasized, "America is open for business." Ittook awhile
for the fears to subside and for the economy to rebound. However, the
residual threats of terrorism are still debilitating the vitality of our
country. As a nation we should look more carefully at how our fear of
future acts of terrorism is undermining our quality of life. In some
sense, the terrorists have already won since they have succeeded in

frightening us into a chronic, soul-sapping protective mode.

I'd also like to suggest that you examine how your fears and the
ensuing protection behaviors impact your life. What fears are stunting
your growth? Where did these fears come from? Are they necessary?
Are they real? Are they contributing to a full life? We'll deal more with
these fears and where we got them in the next chapter on conscious
parenting. If we can control our fears, we can regain control over our
lives. President Franklin D. Roosevelt knew the destructive nature of
fear. He chose his words carefully when he told the nation in the grips
of the Great Depression and looming World War: "We have nothing to
fear, but fear itself." Letting go of our fears is the first step toward cre-

ating a fuller, more satisfying life.
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PARENTS AS  GENETIC ENGINEERS

Parents Matter

No doubt you've heard the seductive argument that once parents
bestow their genes on their children, they take a back seat in their chil-
dren's lives - parents need only refrain from abusing their children,
feed and clothe them, and then wait to see where their prepro-
grammed genes lead them. This notion allows parents to continue
with their "pre-kids lives" -they can simply drop their children off at
daycare and with babysitters. It's an appealing idea for busy and/ or
lazy parents.

It's also appealing for parents like me, who have biological chil-
dren with radically different personalities. I used to think that my
daughters are different because they inherited different sets of genes
from the moment of conception - arandom selection process in which

their mother and I had no part. After all, I thought, they grew up in the
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same environment (nurture), so the reason for their differences had to

be nature (genes).

The reality, I know now, is very different. Frontier science is con-
firming what mothers and enlightened fathers have known forever,
that parents do matter, despite best-selling books that try to convince
them otherwise. To quote Dr. Thomas Verny, a pioneer in the field of
prenatal and perinatal psychiatry: "Findings in the peer-reviewed lit-
erature over the course of decades establish, beyond any doubt, that par-
ents have overwhelming influence on the mental and physical
attributes of the children they raise." [Verny and Kelly 1981]

And that influence starts, says Verny, not after children are born,
but BEFORE children are born. When Verny first posited the notion
that the influence of parents extends even to the womb in his land-
mark, 1981 book, The Secret Life of the Unborn Child, the scientific evi-
dence was preliminary and the" experts" skeptical. Because scientists
used to think that the human brain did not become functional until
after birth, it was assumed that fetuses and infants had no memory
and felt no pain. After all, noted Freud, who coined the termed "infan-
tile amnesia," most people do not remember anything that happened

to them before they were three or four years old.

However, experimental psychologists and neuroscientists are
demolishing the myth that infants cannot remember-or  for that mat-
ter learn - and along with itthe notion that parents are simply specta-
tors in the unfolding of their children's lives. The fetal and infant
nervous system has vast sensory and learning capabilities and a kind
of memory that neuroscientists call implicit memOly. Another pioneer
in pre- and perinatal psychology, David Chamberlain writes in his
book The Mind of Your Newborn Baby: "The truth is, much of what we
have traditionally believed about babies is false. They are not simple
beings but complex and ageless - small creatures with unexpectedly
large thoughts." [Chamberlain 1998]

These complex, small creatures have a pre-birth life in the womb
that profoundly influences their long-term health and behavior: "The

quality of life in the womb, our temporary home before we were born,
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programs our susceptibility to coronary artery disease, stroke, dia-
betes, obesity and a multitude of other conditions in later life," writes
Dr. Peter W. Nathanielsz in Life in the Womb: The Origin of Health and
Disease. [Nathanielsz 1999] Recently, an even wider range of adult-
related chronic disorders, including osteoporosis, mood disorders and
psychoses, have been intimately linked to pre- and perinatal develop-
mental influences. [Gluckman and Hanson 2004]

Recognizing the role the prenatal environment plays in creating
disease forces a reconsideration of genetic determinism. Nathanielsz
writes: "There is mounting evidence that programming of lifetime
health by the conditions in the womb is equally, if not more important,
than our genes in determining how we perform mentally and physi-
cally during life. Gene myopia is the term that best describes the current
all-pervasive view that our health and destiny throughout life are con-
trolled by our genes alone ..In contrast to the relative fatalism of gene
myopia, understanding the mechanisms that underlie programming
by the quality of life in the womb, we can improve the start in life for
our children and their children."

The programming "mechanisms" Nathanielsz refers to are the epi-
genetic mechanisms, discussed earlier, by which environmental stim-
uli regulate gene activity. As Nathanielsz states, parents can improve
the prenatal environment. In so doing they act as genetic engineers for
their children. The idea that parents can transmit hereditary changes
from their life to their children is, of course, a Lamarckian concept that
conflicts with Darwinism. Nathanielsz is one of the scientists now
brave enough to invoke the "L" word for Lamarck: " ...the transgener-
ational passage of characteristics by nongenetic means does occur.
Lamarck was right, although trans generational transmission of
acquired characteristics occurs by mechanisms that were unknown in

his day."

The responsiveness of individuals to the environmental conditions
perceived by theirs mothers before birth allows them to optimize their
genetic and physiologic development as they adapt to the environ-
mental forecast. The same life-enhancing epigenetic plasticity of
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human development can go awry and lead to an array of chronic dis-
eases in older age if an individual experiences adverse nutritional and
environmental circumstances during fetal and neonatal periods of

development. [Bateson, et al, 2004]

The same epigenetic influences also continue after the child is born
because parents continue to influence their child's environment. In
particular, fascinating new research is emphasizing the importance of
good parenting in the development of the brain: "For the growing
brain of a young child, the social world supplies the most important
experiences influencing the expression of genes, which determines
how neurons connect to one another in creating the neuronal path-
ways which give rise to mental activity," writes Dr. Daniel J. Siegel in
The Developing Mind. [Siegel 1999] In other words, infants need a nur-
turing environment to activate the genes that develop healthy brains.
Parents, the latest science reveals, continue to act as genetic engineers
even after the birth of their child.

Parental Programming:
The Power of the Subconscious Mind

I'd like to tell you about how I- who put myself in the category of
those who were not prepared to have children-came to question my
ingrained assumptions about parenting. You won't be surprised to
hear that I started my reevaluation in the Caribbean, the place where
my shift to the New Biology took root. My reassessment was actually
inspired by an unlucky event, a motorcycle accident. I was on my way
to present a lecture when I went off a curb at high speed. The bike
wound up upside down. Luckily I was wearing a helmet because I sus-
tained a major blow to my head when the bike hit the ground. I was
unconscious for half an hour and for a while my students and col-
leagues thought I was dead. When I came to, I felt as if I had broken
every bone in my body.

For the next few days I could hardly walk, and when doing so, I
resembled a yelping version of Quasimodo. Every step was a painful

reminder that "speed Kkills." As I creaked out of the classroom one

158



CHAPTER SEVEN Conscious Parenting: Parents as Genetic Engineers

afternoon, one of my students suggested that it might help if I visited
his roommate, a fellow student, who was also a chiropractor. As I
explained in the last chapter, I not only had never been to a chiroprac-
tor, I had been taught by my allopathic community to shun chiroprac-
tors as quacks. But when you're in that much pain and you're in an
unfamiliar setting, you wind up trying things you would never con-

sider in your cushier moments.

At the chiropractor's make shift dormitory "office" I was intro-
duced for the first time to kinesiology, popularly known as muscle
testing. The chiropractor told me to hold out my arm and resist the
downward pressure he applied to it. I had no problem resisting the
light force he put on my arm. Then he asked me to hold out my arm
and resist him again while I said, "My name is Bruce." Again, I had no
trouble resisting him, but by now I was starting to think that the
admonishments of my academic colleagues were right on the mark-
"This is nuts!" Then, the chiropractor told me to hold out my arm and
resist his pressure while saying earnestly: "My name is Mary." To my
amazement, my arm flopped down, despite my strong resistance.
"Now wait a minute," Isaid. "I must not have been resisting enough,
try that again." So we did, and this time I concentrated even more
forcefully on resisting. Nevertheless, after repeating, "My name is
Mary," my arm sunk like a stone. This student, who was now my
teacher, explained that when your conscious mind has a belief that is
in conflict with a formerly learned "truth" stored in the subconscious
mind, the intellectual conflict expresses itself as a weakening of the
body's muscles.

To my astonishment, I realized that my conscious mind, which I
exercised so confidently in academic settings, was not in control when
I voiced an opinion that differed from a truth stored in the uncon-
scious mind. My unconscious mind was undoing the best efforts of my
conscious mind to hold up my arm when I claimed my name was
Mary. I was amazed to discover that there was another "mind," anoth-
er force, that was co-piloting my life. More shocking was the fact that
this hidden mind, the mind Iknew little about (except theoretically in

psychology) was actually more powerful than my conscious mind, just
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as Freud had claimed. All in all, my first visit to a chiropractor turned
out to be a life-changing experience. Ilearned that chiropractors could
tap into the body's innate healing power using kinesiology to target
spinal misalignments. I was able to saunter out of that dorm feeling
like a new man after a few simple, vertebral adjustments on the
"quack's" table ...all without the use of drugs. And most importantly,
I was introduced to the .man behind the curtain," my subconscious
mind!

As I left the campus, my conscious mind was awhirl over the
implications of the superior power of my formerly hidden subcon-
scious mind. I also coupled those musings with my study of quantum
physics, which taught me that thoughts could propel behavior more
efficiently than physical molecules. My subconscious "knew" that my
name was not Mary and balked at my insistence that it was. What else

did my subconscious mind "know" and how had it learned it?

To understand Dbetter what had happened in that chiropractor's
office, I first turned to comparative neuroanatomy which reveals: the
lower an organism is on the Tree of Evolution, the less developed its
nervous system and thus the more it relies on preprogrammed behav-
ior (nature). Moths fly toward the light, sea turtles return to specific
islands and lay their eggs on the beach at the appropriate time, and the
swallows return to Capistrano on a specific date, yet, as far as we
know, none of these organisms have any knowledge of why they
engage in those behaviors. The behaviors are innate; they are geneti-
cally built into the organism and are classified as instincts.

Organisms higher in the Tree have more complexly integrated ner-
vous systems headed by bigger and bigger brains that allow them to
acquire intricate behavioral patterns through experiential learning
(nurture). The complexity of this environmental learning mechanism
presumably culminates with humans, who are at the top, or at least
near the top, of the Tree. To quote anthropologists Emily A. Schultz
and Robert H. Lavenda: "Human beings are more dependent on learn-
ing for survival than other species. We have no instincts that automat-
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ically protect us and find us food and shelter, for example." [Schultz
and Lavenda 1987]

We do have, of course, behavioral instincts that are innate-con-
sider the infant's instinct to suckle, to quickly move his hand away
from fire, and to automatically swim when placed in water. Instincts
are built in behaviors that are fundamental to the survival of all
humans, independent of what culture they belong to or what time in
human history they were born. We are born with the ability to swim;
infants can swim like graceful porpoises moments after they are born.
But children quickly acquire a fear of water from their parents-
observe the response of parents when their unattended child ventures
near a pool or other open water. Children learn from their parents that
water is dangerous. Parents must later struggle to teach Johnny how
to swim. Their first big effort is focused on overcoming the fear of

water they instilled in earlier years.

But through evolution, our learned perceptions have become more
powerful, especially because they can override genetically pro-
grammed instincts. The body's physiological mechanisms (e.g., heart
rate, blood pressure, blood flow/bleeding patterns, body temperature)
are by their nature, programmed instincts. However, yogis as well as
everyday people using biofeedback can learn to consciously regulate

these "innate" functions.

Scientists have focused on our big brains as the reason for our abil-
ity to learn such complex behavior. However, we should temper our
enthusiasm for the big brain theory by considering that cetaceans (por-
poises and dolphins) have a greater cerebral surface area packed into

their craniums than we do.

And the findings of British neurologist Dr. John Lorber, highlight-
ed in a 1980 article in Science, "lIs your Brain Really Necessary?" also
call into question the notion that the size of the brain is the most
important consideration for human intelligence. [Lewin 1980] Lorber
studied many cases of hydrocephalus ("water on the brain") and con-
cluded that even when most of the brain's cerebral cortex (the brain's
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outer layer) is missing, patients can live normal lives. Science writer

Roger Lewin quotes Lorber in his article:

"There's a young student at this university [Sheffield Univer-
sity] who has an IQ of 126, has gained a first-class honors
degree in mathematics, and is socially completely normal.
And yet the boy has virtually no brain ... When we did a brain
scan on him, we saw that instead of the normal 4.5 centimeter
thickness of brain tissue between the ventricles and the corti-
cal surface, there was just a thin layer of mantle measuring a
millimeter or so. His cranium is filled mainly with cere-

brospinal fluid."

Lorber's provocative findings suggest that we need to reconsider
our long-held beliefs about how the brain works and the physical
foundation of human intelligence. Isubmit in the epilogue of this book
that human intelligence can only be fully understood when we include
spirit ("energy") or what quantum physics-savvy psychologists call
the" superconscious" mind. But for the moment, I'd like to stick to the
conscious and subconscious minds, concepts that psychologists and
psychiatrists have long grappled with. I'm grappling with it here to
provide the biological foundation for conscious parenting as well as
energy-based psychological healing methods.

Human Programming:
When Good Mechanisms Go Bad

Let's go back to the evolutionary challenge for human beings, who
have to learn so much so quickly to survive and become a part of their
social community. Evolution has endowed our brains with the ability
to rapidly download an unimaginable number of behaviors and beliefs
into our memory. Ongoing research suggests that a key to under-
standing how this rapid downloading of information works is the
brain's fluctuating electrical activity as measured by electroencephalo-
grams. The literal definition of electroencephalograms  (EEGs) is "elec-
tric head pictures." These increasingly sophisticated head pictures

reveal a graded range of brain activity in human beings. Both adults
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and children display EEG variations that range from low frequency
Delta waves through high frequency Beta waves. However, researchers
have noted that EEG activity in children reveals, at every develop-

mental stage, the predominance of a specific brain wave.

Dr. Rima Laibow in Quantitative ~EEG and Neurofeedback describes
the progression of these developmental stages in brain activity.
[Laibow 1999 and 2002] Between birth and two years of age, the
human brain predominantly —operates at the lowest EEG frequency, 0.5
to 4 cycles per second (Hz), known as Delta waves. Though Delta is
their predominant wave activity, babies can exhibit periodic short
bursts of higher EEG activity. A child begins to spend more time at a
higher level of EEG activity characterized as Theta (4-8 Hz) between
two and six years of age. Hypnotherapists drop their patients' brain
activity into Delta and Theta because these low frequency brain waves
put them into a more suggestible, programmable state.

This gives us an important clue as to how children, whose brains
are mostly operating at these same frequencies between birth and six
years of age, can download the incredible volume of information they
need to thrive in their environment. The ability to process this vast
quantity of information is an important neurologic adaptation to facil-
itate this information-intense process of enculturation. Human envi-
ronments and social mores change so rapidly that it would not be an
advantage to transmit cultural behaviors via genetically programmed
instincts. Young children carefully observe their environment and
download the worldly wisdom offered by parents directly into their
subconscious memory. As a result, their parents' behavior and beliefs

become their own.

Researchers at Kyoto University's Primate Research Institute have
found that baby chimps also learn by simply observing their mothers.
In a series of experiments, a mother was taught to identify the
Japanese characters for a variety of colors. When the Japanese charac-
ter for a specific color was flashed on a computer screen, the chimp
learned to choose the right color swatch. Upon selecting the right
color, the chimp received a coin that she could then put in a vending
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machine for a fruit treat. During her training process, she was holding
her baby close. To the surprise of researchers, one day, as the mother
was retrieving her fruit from the vending machine, the infant chimp
activated the computer. When the character appeared on the rcreen,
the chimp selected the correct color, received a coin and then followed
his mother to the vending machine. The astonished researchers were
left to conclude that infants can pick up complex skills solely by obser-
vation and don't have to be actively coached by their parents. [Science
2001]

In humans as well, the fundamental behaviors, beliefs and atti-
tudes we observe in our parents become "hard-wired" as synaptic
pathways in our subconscious minds. Once programmed into the sub-
conscious mind, they control our biology for the rest of our
lives ...unless we can figure out a way to reprogram them. Anyone
who doubts the sophistication of this downloading should think about
the first time your child blurted out a curse word picked up from you.
I'm sure you noted its sophistication, correct pronunciation, its

nuanced style and context carrying your signature.

Given the precision of this behavior-recording system, imagine the
consequences of hearing your parents say you are a "stupid child,"
you "do not deserve things," will "never amount to anything," "never
should have been born" or are a "sickly, weak" person. When unthink-
ing or uncaring parents pass on those messages to their young chil-
dren, they are no doubt oblivious to the fact that such comments are
downloaded into the subconscious memory as absolute" facts" just as
surely as bits and bytes are downloaded to the hard drive of your
desktop computer. During early development, the child's conscious-
ness has not evolved enough to critically assess that those parental
pronouncements were only verbal barbs and not necessarily true char-
acterizations of "self." Once programmed into the subconscious mind,
however, these verbal abuses become defined as "truths" that uncon-

sciously shape the behavior and potential of the child through life.

As we get older, we become less susceptible to outside program-
ming with the increasing appearance of higher frequency Alpha waves
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(8-12HZ). Alpha activity is equated with states of calm consciousness.
While most of our senses, such as eyes, ears and nose, observe the
outer world, consciousness resembles a .sense organ" that behaves
like a mirror reflecting back the inner workings of the body's own cel-

lular community; it is an awareness of "self."

At around twelve years of age, the child's EEG spectrum begins
to show sustained periods of an even higher frequency defined as
Beta waves (12-35 Hz). Beta brain states are characterized as "active
or focused consciousness," the kind of brain activity used in reading
this book. Recently, a fifth, higher state of EEG activity has been
defined. Referred to as Gamma waves (>35Hz), this EEG frequency
range kicks in during states of "peak performance," such as when
pilots are in the process of landing a plane or a professional tennis
player is engaged in a rapid-fire volley.

By the time children reach adolescence, their subconscious minds
are chock-full of information that range from the knowledge of how to
walk, to the "knowledge" they will never amount to anything, or the
knowledge, fostered by loving parents, they can do anything they set
out to do. The sum of our genetically programmed instincts and the
beliefs we learned from our parents collectively form the subconscious
mind, which can undo both our ability to keep our arm raised in a chi-
ropractor's office and our best New Year's resolutions to stop sabo-

taging ourselves with drugs or food.

Again I go back to cells, which can teach us so much about our-
selves. I've said many time