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Abstract: Life is a physical and chemical process. From ontology aspect, the world is timeless and the life exists for-
ever as any other lxxJy in the nature. The nature of life is that life is a process of negative entropy, evolution, au-
topoiesis (auto-organizing), adaptation, emergence and living hierarchy. Up to now, there is no scientific evidence
to show that life lxxJy and non-life lxxJy obey the same natural laws. But, all the researches are made by the meth-
ods of biology, biochemistry and molecular biology, etc. It is very pO&'iiblethat the life and non-life are essential dif-
ferent in the biophysics, i. e. the quantum level. In the future, it is possible to make artificial life by either biologi-
cal method or electronic technique. [Life Science Journal. 2005: 2( 1) :7 - 15] (ISSN: 1097- 8135) .
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1 Introduction

Life is unique in the known universe, which is
in a diversity of forms ranging from bacteria to hu-
man. The life organisms exist in everywhere of the
earth. The first forms of life on earth spontaneous-

ly arose out of a preexisting prebiotic chemical
soup. Individual living organisms maintain their
self-identity and their self-organization while con-
tinually exchanging materials and energy and infor-
mation with their environment. It is really differ-
ent between the life and non-life bodies, but no-

body knows what the exact difference it is, even
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this is one of the most important issues that attract-
ed people in the whole human history. There are
millions of people working in life science research-
es, many with Ph. D. degree. More money has
been spent in the life science studies than that spent
in any other fields. Nature, Science, and other big
journals published more papers in life science than
the papers in any other topic. But, there are very
few people thinking about the nature of life. This
topic has attracted thinkers since the beginning of
human history, but ignored by the modern society.
Most philosophers ignore the issue today, perhaps
because it seems too scientific. At the same time,

most scientists also ignore the issue, perhaps be-
cause it seems too philosophical. The nature of life
is not clear for the current intelligence. It is a topic
of philosophy, and also of biology (Bedau, 2005).
However, it is very difficult to get financial support
for the study of nature of life.

2 Definition of Life

It is difficult to give an exact definition for the
life, as the nature of life is not clear. As the refer-
ences, here I give the definition from some dictio-
nanes:

( 1) Spiritual existence transcending physical
death; the period from birth to death; the quality
that makes living animals and plants different from
dead organisms and inorganic matter. Its functions
include the ability to take in food, adapt to the en-

vironment, grow, and reproduce (Encarta@ Wodd
English Dictionary, 2005).

~
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metabolism (Crick, 1981). Kuppers pointed life
as: metabolism, self-reproduction and mutability
(Kuppers, 1985). Maynard Smith gave life two
properties: metabolism and parts with functions
(Maynard, 1986), and Ray cited two aspects:
self-reproduction and the capacity for open-ended
evolution (Ray, 1992).

Mayr thought that the process of living could
be defined by a list of the kinds of characteristics by
which living organisms differ from inanimate mat-
ter: (1) All levels of living systems have an enor-
mously complex and adaptive organization. ( 2 )
Living organisms are composed of a chemically u-
nique set of macromolecules. (3) The important
phenomena in living systems are predominantly
qualitative, not quantitative. (4) All levels of liv-
ing systems consist of highly variable groups of u-
nique individuals. (5) All organisms possess histor-
ically evolved genetic programs which enable them
to engage in teleonomic processes and activities.
(6) Classes of living organisms are defined by his-
torical connections of common descent. (7) Organ-
isms are the product of natural selection. (8) Bio-
logical processes are especially unpredictable
(Mayr, 1982). '(9) Life is continuum. (10) All
life organisms are programmed to death naturally,
which is called apoptosis (Ma, 2005b).

Schrodinger persisted that the second law of
thermodynamics plays key role in' the process of
metabolization. The following sentences give his
opinions: What is the characteristic feature of life?
When is a piece of matter said to be alive? When it
goes on doing something, moving, exchanging ma-
terial with its environment, and so forth, and that

for a much longer period than we would expect an
inanimate piece of matter to keep going under simi-
1ar circumstances. How does the living organism
avoid decay? The obvious answer is: By eating,
drinking, breathing and assimilating. Linguistical-
ly, the scientific term of life is metabolism. The es-
sential thing in metabolism is that the organism
succeeds in freeing itself from all the entropy
(Schrodinger, 1969).
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(2) The condition that distinguishes animals
and plants from inorganic matter, including the ca-
pacity for growth and functional activity (Compact
Oxford English Dictionary, 2005).

(3) The property or quality that distinguishes
living organisms from dead organisms and inani-
mate matter, manifested in functions such as
metabolism, growth, reproduction, and response to
stimuli or adaptation to the environment originating
from within the organism (Dictionary. com,2005).

3 Essential Conceptions of Life

~

The biological world is viewed as a hierarch of
levels. These levels include chemicals, organelles,
cells, organs, organisms, and ecologies. There are
three conceptions for life: as a loose cluster of prop-
erties, a specific set of properties, and metaboliza-
tion. There are many other opinions of life, such as
that life is something of autopoiesis and self-replica-
tion, etc. Several hundred years ago, people
thought that there was a vitalism inside life bodies
that keep the body to be a life. The scientific re~
suits absolutely denied the existence of vitalism.
The demise of vitalism told us that no super physi-
cal substance or force or spirit to distinguish any life
from non-life. For all we know, all life phenomena
obey to all the natural laws (physical and chemical)
that adapted to the non-life world. There is no any
extra natural law for the life world only. Life is no
more unified than a collection of overlapping prop-
erties from overlapping disciplines, such as, bio-
physics, biochemistry, molecular biology, genet-
ics, evolution, ecology, cytology, microbiology,
physiology, anatomy and heredity ,etc. However,
the biophysics is poor result.

Farmer and Belin listed eight characteristics of
the life: process, self-reproduction,' information
storage of self-representation, metabolism, func-
tional interactions with the environment, interde-
pendence of parts, stability under perturbations,
and the ability to evolve. According to Farmer and
Belin, life is a pattern of spacetime, rather than the
specific identities of the atoms ( Farmer, 1992).

Taylor described the properties of life: "Each
property by itself, even when considered with oth-
ers, is unable to clearly delineate the living from
the non-living, but together they do help to charac-
terize what makes living things unique." (Taylor,
1992) .

Monod listed three characteristics of life:

teleonomic or purposeful behavior, autonomous
morphogenesis and reproductive invariance (Mon-
od, 1971). Crick focused on the points related to:
self-reproduction, genetics, evolution and

http://www.sciencepub. org
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4 Life in the Timeless World
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As it was described in another paper "The na-
ture of time and space": From the ontology (or
naturalism) angle, time and space are absolute (ex-
isted) and the universe is a timeless world, which
means that all the past, the present and the future
exist eternally. Everything in the universe will nev-
er change. Time and motion are nothing more than
illusions. In the universe, every moment of every
individual's life-birth, death, and anything in be-
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tween-exists forever. Everyone is eternal. That
means each and everyone of us is immortal. The u-
niverse has neither past nor future. All the things
in the past, present, and future exist forever. The
concepts of past, present and future are depended
on the human brain (Ma, 2003). Life is something
( substance) existing in the timeless world. So
that, all the life processes are the simple existence
of something in the universe, like a movie in a
tape, exist already and forever. This is the essential
nature of life, in the ontology point. Under the
timeless principle, there is only existence in the u-
niverse, not something complexity and other thing
simplicity. The life is not more complex than non-
life from the ontological concept. However, in the
timeless world, there are natural connections a-

mong the all the existence. All the scientific stud-
ies, philosophical ratiocinations and religious believe
are the trial to reveal the natural rules.l
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5 Life as Negative Entropy

The second law of thermodynamics was for-
mulated in the middle of the last century by Clau-
sius and Thomson, which could be formulated in
four different ways: (1) Heat cannot flow from a
colder body to a hotter one without energy input;
(2) Entropy must increase in a closed system; (3)
No cyclic process can convert heat entirely to work;
( 4) In any cyclic process the heat Q transferred to
the system from its surroundings at the temperature
T must obey an inequality: p dQ/T < 0 (Ma,
2003). Above the four points, the principle con-
cept of the second law of thermodynamics is to say
that in the closed system all the natural processes
increase entropy (decrease order). So, the second
law of thermodynamics can be called the entropy
law or law of entropy. However, life violates sec-
ond law of thermodynamics. In natural world, life
process is negative entropy one. In the life process,
the entropy decreases, which means that the order
increases. More importantly, there is no evidence
to say that the entropy decrease of life costs by the
entropy increase of environment. The conclusion is
that the life process does not obey the second law of
thermodynamics. For all we know that all life phe-
nomena obey to all the natural laws that adapted to
the non-life world. How can we say that life vio-
lates the second law of thermodynamics? Is there
any conflict? The answer is that there is no conflict
here. As it was described in the article "The nature

of time and space", "the second law of thermody-
namics is a statistical result, , the basic statis-
tical principles and the second law of thermodynam-
ics are useful tools in human practice, but they are

http; / /www.sciencepub. org

not the true natural existence" (Ma, 2003). The
fact is that the life process does not obey the second
law of thermodynamics, but it obeys all the natural
laws. The second law of thermodynamics is not a
natural law, but a technical tool.

6 Life as Autopoiesis (Auto-organizing)

Autopoiesis is the process whereby an organi-
zation produces itself. An autopoietic organization
is an autonomous and self-maintaining unity which
contains component-producing processes. The com-
ponents, through their interaction, generate recur-
sively the same network of processes which pro-
duced them. An autopoietic system is operationally
closed and structurally state determined with no ap-
parent inputs and outputs. A cell and an organism
is an autopoietic system. Autonomy is the condition
of subordinating all changes to the maintenance Of
the organization. Self-asserting capacity of living
systems maintain their identity through the active
compensation of deformations. Allopoiesis is the
process whereby an organization produces some-
thing other than the organization itself. An assem-
bly line is an example of an allopoietic system
( Varela, 2005). Life is an emergent property of
autopoietic, dissipative systems. Life is an au-
topoiesis (auto-organizing) complex, which can or-
ganize itself without energy input, even without in-
formation input. Active life process costs energy
and uses information. However, the cost of energy
is not the requirement of energy by the second law
of thermodynamics. It cannot stay long period
without energy and information input. Aftet a
while without exchange energy and information
with outside world, the active life will die.

7 Evolution and Creation

Evolution theory is one of the most important
theories in science. Evolution of life shows a re-

markable growth in complexity. Simple prokaryotic
one-celled life leads to more complex eukaryotic sin-
gle-celled life, which then leads to multicellular
life, then to large-bodied vertebrate creatures with
sophisticated sensory processing capacities, and ul-
timately to highly intelligent creatures that use lan-
guage and develop sophisticated technology as hu-

man. Creation theory says that life)s not evolution
but created by God, and all the species do not
change forever. The interest thing is that many sci-
entists are strongly believe creation in their non-
work time, which means that the scientists believe
Bible when they are in their churches in their reli-
gious time (normally in the weekend) or when they
spend time in their Bible studies. However, these
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ing systems.
The important feature for all life is the evolu-

tionary process of adaptation. For the evolution, it
is sometimes the blind operation of natural selec-
tion, sometimes the general process of evolution,
and sometimes the adaptation produced by the evo-
lution. Normally the life should have the ability to
adapt appropriately to unpredictable changes in the
environment. It is the force of adaptation and selec-
tion that makes the evolution happens. The adapta-
tion is supple.
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scientists never do anything following creation the-
ory in their work time, which means that they nev-
er do any experimental or publish any thing in the
academic journals 0f teach students to support cre-
ation opinions. In the work time they need to do
something that positive for their life as their income
comes from the work, and non-work time they can
do anything what they want.

Gene transfer is to transfer a gene from one
DNA molecule to another DNA molecule, which

can change the genetic background of an organism
in anyway we want (Ma, 2005a). The evolution
happens naturally, and also can happen artificially
by gene transfer technique. Cloning creates a ge-
netically identical copy of an organism, which can
be done in all the kinds of living things, including
human being. Transgenic animal and clone for the
study of gene regulation and expression has become
commonplace in the modern biological science now
(Pinkert, 1999). The sheep Dolly was the world's
most famous clone animal, but it was not the first

one. Many animals-including frogs, mice, sheep
and cows had been cloned before Dolly. Plants have
been often cloned since ancient people. Human i-
dentical twins are also clones. Dolly was the first
mammal to be cloned from an adult cell, rather

than an embryo. This was a major scientific
achievement of Dolly, but also raised scientific and
ethical concerns. Since Dolly was born in 1996
many other animals have been cloned from adult
cells, such as mice, pigs, goats and cattle. Cloning
by interspecies nuclear transfer offers the possibility
of keeping the genetic stock of those species on
hand without maintaining populations in captivity
( Lanza, 2002) and change the species, but also
possibly creates the risk of biological calamity (Ma,
2004) .

8 Adaptation

~

Adaptive evolutionary explanations are familiar
to all of us from elementary school biology. A clas-
sic application of adaptationism is to explain the gi-
raffe's long neck as an adaptation for browsing a-
mong the tops of trees, on the grounds that natural
selection favored longer-necked giraffes over their
shorter-necked cousins. There are alternatives to

adaptive explanations, such as explanations appeal-
ing to allometry, genetic drift, developmental con-
straints, genetic linkage, epistasis, and pleiotropy.
The presupposition that a trait is an adaptation and
so deserves an adaptive explanation is usually treat-
ed as unfalsifiable. The adaptationist perspective on
evolution emphasizes natural selection's role in cre-
ating the complex adaptive structures found in liv-

http://www.sciencepub. org
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9 Emergence
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Both living systems and artificial life models
are commonly said to exhibit emergent phenomena.
Emergent phenomena share two characterizations:
they are constituted by and generated from under-
lying phenomena, and they are autonomous from
those underlying phenomena. There are three main
points for emergent properties. The first key point
of emergence is simply the idea of a property that
applies to wholes or totalities but does not apply to
the component parts considered in isolation. The
second key point of emergence is to insist that e-
mergent properties are supervenient properties with
causal powers that are irreducible to the causal
powers of micro-level constituents. The third key
point of emergence is poised midway between the
other two. '
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Living phenomena fall into a complex hi.erar-
chy of levels, what can be called the vital hierar-
chy. Even broad brush strokes can distinguish at
least eight levels in the vi tal hierarchy: (1) ecosys-
tems, (2) communities, (3) populations, (4) or-
ganisms, (5) organ systems (immune system, car-
diovascular system), (6) organs (heart, kidney,
spleen), (7) tissues, and (8) cells. Under the life
hierarchy, there are molecules, atoms and quanta
that are substance but not life constituents. Items

at one level in the hierarchy constitute items at
higher levels. Individual organisms are born, live
for a while, and then die. The vital hierarchy raises
two basic kinds of questions about the nature of
life. First, we may ask whether there is some in-
herent tendency for living systems to form hierar-
chies. Why are hierarchies so prevalent in the phe-
nomena of life? The second question concerns the
relationships among the kinds of life exhibited
throughout the vital hierarchy. Are there different
forms of life at different levels, and if so then how
are these related? How are they similar and differ-
ent? Which are prior and which posterior? What is
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)
I

I

J
..

I
J

)
I
~
I
J

}
,L

).
.I

. 10 . editor@sciencepub. net

I,;

J

J

1
..
J



f
l
L
L
l
l
l
l
t
l
l
l
L

l
l
l
L
t
l
L
I

l

t

Life Science Journal, 2 (1), 2005, Ma and Cherng, Nature of Life

the primary form of life?
The theory supple adaptation reveals a two-tier

structure with connected but different forms of life.

The first tier is the primary form of life-the sup-
plely adapting systems. At the second tier, entities
that are suitably generated and sustained by such a
supplely adapting system branch off as different but
connected secondary forms of life. These secondary
forms of life include organisms, organs, and cells.

11 Continuum or Dichotomy

Can things be more or less alive? Serious re-
flection about life quickly raises the question
whether life is a boolean property (zero or one)-
whether it is a continuum property . We can say
that a rat is alive and a rock is not alive. But it is

difficult to say some condition of living body is alive
or not, such as a virus which is unable to replicate
without a host and spores or a frozen cell which re-
main dormant and unchanging indefinitely but then
come back to life when conditions become suitable.

Furthermore, we all agree that the original life
forms somehow emerged from a pre-biotic chemical
soup, and this suggests that there is very little, if
any, principled distinction betweeR life and non-
life. In fact, life is continuum and it can be more or
less alive. There is no absolute line between life and

non-life. If life is considered as supple adaptation
the most important life/non-life distinction involves
a continuum because the activity of supple adapt-
ability comes in degrees.
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12 Apoptosis

For all the things existed, including the life
cells in the earth and universe itself, there is a time
to live and a time to die. There are two ways in
which cells die: (1) Cells are killed by injury or
disease. (2) Cells suicide. Programmed cell death
is also called apoptosis, which is cell suicide. Apop-
tosis is a mechanism by which cells undergo death
to control cell proliferation or in response to DNA
damage. Some types of cancers, such as B-cell
chronic lymphocytic leukemia, follicular lymphoma
(Tsujimoto, 1985) and tumors infected by human
T-cell leukemiallymphoma virus-1 (Hengartner,
2000) are characterized by defects in apoptosis

leading to immortal clones of cells. Other malig-
nancies have defects in the apoptotic regulatory

pathways such as p53 (Kaufmann, 2001).
Apoptosis can be triggered by the following in-

ternal signals: (1) In a healthy cell, the outer
membranes of its mitochondria express the protein
Bcl-2 on their surface. (2) Bcl-2 is bound to a
molecule of the protein Apaf -1. (3) Internal dam-
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age to the cell (e. g. , from reactive oxygen species)
causes: Bcl-2 to release Apaf-1; a related protein,
Bax, to penetrate mitochondrial membranes, caus-
ing; cytochrome c to leak out. (4) The released
cytochrome c and Apaf-1 bind to molecules of cas-
pase-9. (5) The resulting complex of cytochrome
c, Apaf-1, caspase-9 and ATP is called the apopto-
some. (6) These aggregate in the cytosol. (7)
Caspase-9 is one of a family of over a dozen caspas-
es. They are all proteases. They get their name be-
cause they cleave proteins-mostly each other-at
aspartic acid (Asp) residues. (8) Caspase-9 cleaves
and activates other caspases. (9) The sequential ac-
tivation of one caspase by another creates an ex-
panding cascade of proteolytic activity, which leads
to digestion of structural proteins in the cytoplasm,
degradation of chromosomal DNA, and phagocyto-
sis of the cell.

Apoptosis can be triggered by external signals
also: (1) Fas and the TNF receptor are integral

membrane proteins with their receptor domains ex-
posed at the surface of the cell. (2) Binding of the
complementary death activator (FasL and TNF re-
spectively) transmits a signal to the cytoplasm that
leads to activation of caspase 8. (3) When cytotox-
ic T cells recognize their target, they produce more
FasL at their surface. This binds with Fas on sur-

face of the target cell leading to its death by apopto-
SIS.

Apoptosis is a universal event in the universe,
that happens in all the life bodies and azoic things
in the universe, including the universe itself. To
understand apoptosis clearly will be importan.t to
the understand of the basic nature laws (Ma,

2005b). Apoptosis is the nature of life, and apop-
tosis is also the nature of nature!

13 Artificial Life

Could robot do all the things what human do?
Could artificial electronic life play all the functions
what the organic life play? Up to now, nobody can
answer these questions.

In 1966, John von Neumann made the first
artificial life model with his famous creation of a

self-reproducing, computation-universal entity us-
ing cellular automata. John von Neumann was pur-
suing many problems that are important in the arti-
ficiallife today, such as understanding the sponta-
neous generation and evolution of complex adaptive
structures. Originally, cybernetics applied two
tools to the living system studies: the use of infor-
mation theory and a deep study of the self-regulato-
ry processes. Information theory typifies the ab-
stractness and material-independence of artificial
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dimensional manifold), and also in Bohr's and
Heisenberg's quantum world. Now it may be con-
sidered that matter and space are unified.

Advances in the new sciences suggest a further
modification of this assumption about the nature of
reality. In light of what scientists are beginning to
glimpse regarding the nature of the quantum vacu-
um, the energy sea that underlies all of spacetime,
it is no longer warranted to view matter as primary
and space as secondary. In the modern concept
there is no absolute matter, but only a matter gen-
erating energy field.
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life, and self-regulation is one of the hallmarks of
living systems studied in artificial life.

Biology studies have provided rich knowledge
about actual living systems. Physics and mathemat-
ics have had a strong influence on artificial life, es-
pecially in the study of complex systems. Statistical
mechanics and dynamical systems theory have im-
proved artificial life' s methodology.

The real artificial life should be organic life,
same as the natural life. Right now, people can syn-
thesize simple organic molecules such as sugar and
amino acids from the inorganic carbon, hydrogen
and oxygen. Just after the technique developing,
people will have the ability to make the real cells,
tissues, organs and animals even a real human. This
will be the real artificial life-everything is same as
the natural life.

14 Matter and Fonn of Life

.

The advent of the field of artificial life has fo-

cused attention on a set of questions about the role
of matter and form in life. On the one hand, cer-
tain distinctive carbon-based macromolecules playa
crucial role in the vital processes of all known living
entities; on the other hand, life seems more like a
kind of a process than a kind of substance. Fur-
thermore, much of the practice of artificial life re-
search seems to presuppose that life can be realized
in a suitably programmed computer. This raises a
number of related questions: Can a computer play
all the functions of the organic life play? Is the nat-
ural life just substance properties what the sub-
stance has or life has independent proper that per-
forms by the substance? Functionalism captures the
truth about life. Furthermore, there is no evident
reason why the functional structure specified the
theory could not be realized in a suitably structured
computational medium. If so, then a computerized
"life" could in principle create a real, literally living
entity. In fact, a computer can play many func-
tions of the organic life play, but could not play all
the functions of the organic life play, because the
matter is essential different. The natural life is de-

pendent on the substance of the life bodies.
According to the classic science, there are two

independent existences in the world: matter and
space. Matter occupies space and moves about in it
and it is the primary reality. Space is a backdrop or
container. Without furnished by material bodies, it
does not enjoy reality in itself. This common sense
concept goes back to the Greek materialists and it
was the mainstay also of Newton's physics. It has
been radically revised in Einstein's relativistic uni-
verse (where spacetime became an integrated four-

http://www.sciencepub. org

15 Life and Mind
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It is an essential philosophical question
whether there is any intrinsic connection between
life and mind. Viruses, plants, bacteria, worms,
animals and human have various kinds of sensitivity
to the environment, various ways in which this en-
vironmental sensitivity affects their behavior, and
various forms of inter-organism communication.
Various kinds of what one could call mental capaci-
ties are present throughout the biosphere. Further-
more, the relative sophistication of these mental ca-
pacities seems to correspond to and explain the rela-
tive sophistication of those forms of life. It is rea-
sonable to ask whether life and mind have some

natural connection. The process of evolution estab-
lishes a genealogical connection 'between life and
mind, but life and mind might be much more
deeply unified. Since all forms of life must cope in
one way or another with a complex, dynamic, and
unpredictable world, perhaps this adaptive flexibili-
ty inseparably connects life and mind. In fact, the
mind comes from brain that composes by the organ-
ic molecules and the organic molecules compose by
inorganic matter. But, there is no evidence to say
that the inorganic matter in the living organism is
different from the inorganic matter out the living
orgamsm.
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.I16 Life and Quantum

Up to now, no scientific evidence to show that
life body and non-life body obey the different natu-
ral laws. By the classic physics and chemistry,
there is no essential difference discovered in life and

non-life. There is no lifeline defined by modern sci-
ence, this means that we neither qualitate nor
quantitate life by any current scientific method.
However, all the researches are made by the meth-
ods of biology, biochemistry and molecular biology,
etc., which means that all current biological and
neurobiological descriptions of the life and brain are
based on Newton's physics, even if it is well
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known that Newton's physics has its limitations.
Biophysics has started for several decades and it did
not get many achievements. Up to now, nobody
tried to reveal the nature of life under the quantum
level. It is reasonable to think about that the life
and non-life are essential different in the bio-
physics, i. e. the quantum level. The life phe-
nomenon, especially consciousness, is unlikely to
arise from classical properties of matter. Quantum
theory allows for a new concept of matter altogeth-
er, which may well leave cracks for life and con-
sciousness, for something that is not purely materi-
al or purely extra-material. Interactions with the
quantum vacuum may not be limited to micro-parti-
cles: they may also involve macroscale entities,
such as living systems. The recognition of openness
is returning to the natural sciences. Traffic be-
tween our consciousness and the rest of the world
may be constant and flowing in both directions.
Everything that goes on in our mind could leave its
wave traces in the quantum vacuum, and every-
thing could be received by those who know how to
tune in to the subtle patterns that propagate there.

All the life organisms compose by organic
molecules plus their inner environment such as in-
organic water and ions (and specific fields) inside
and outside the cells. The whole life world finally
composes by an organic world, and even though all
organic molecules compose by inorganic substance.
But, nobody knows if the water in alive cells and
around cells is same or different from the water far
away from the cells (under the living meaning). It
is possible that the inorganic environment of living
cell is different from non-living environment in the
quantum level. This is the principle task for bio-
physics doing to reveal the nature of life.
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17 Origin of Life

..

When the earth formed about 4. 6 billion years
ago, it was a lifeless place. A billion years later it
was teeming with organisms such as blue-green al-
gae. How did life begin? The discovery of self-
replicating RNA was a critical milestone on the
road to life. Before the mid-17th century, most
people believed that God had created humankind
and other organisms by mud. For the next two
centuries, those ideas were subjected to increasingly
severe criticism.

In 1903, Svante Arrhenius proposed that life
on the Earth was seeded by spores originating from
another planet. In 1905, the astronomer Simon
Newcomb proposed that because the Earth was a
representative planet orbiting a representative star
Sun, life could be abundant throughout the uni-
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verse (Zubay, 2000). But up to now, there is no
discovery of the life existing in another planet.

All living things consist of similar organic
compounds. Proteins in all organisms are consisted
by one set of 20 amino acids. These proteins in-
clude enzymes that are essential to live, develop and
reproduce, and the protein that essential to the or-
ganism structure. Organisms carry their genetic in-
formation in nucleic acids RNA and DNA, and use
them as the same genetic code. This code specifies
the amino acid sequences of all the proteins and
peptides in each organism. The nucleotides consist
of a sugar (deoxyribose in DNA and ribose in
RNA), a phosphate group and one of four different
bases. In DNA, the bases are adenine (A), gua-
nine (G), cytosine (C) and thymine (T). In
RNA, uracil (U) substitutes for T. The bases con-
stitute the alphabet, and triplets of bases form the
words as the genetic codes. As an example, the
triplet CUU in RNA instructs a cell to add the
amino acid leucine to a growing strand of protein
when the protein is synthesized. Organisms store
genetic information in nucleic acids that specified
the composition of all sythesized proteins. It relies
on proteins to play the biological metabolism pro-
cesses.

There is a paradox. Nowadays nucleic acids
are synthesized only with the catalyzing of pro-
teins, and proteins are synthesized only with the
coding of nucleic acids. It is impossible that pro-
teins and nucleic acids arose spontaneously in the
same place at the same time. It is also impossible to
have one without the other. And so, at f.irst
glance, one might have to conclude that life could
never have originated by chemical means. In the
fact, RNA came first and established what is now
called the RNA world-a world in which RNA cat-
alyzed all the reactions necessary for a precursor of
life's last common ancestor to survive and repli-
cate. RNA has developed the ability to code amino
acids to synthesize proteins. The modem RNA
viruses are still use RNA as their genetic codes.
The ribonucleotides in RNA are more re<\dilysyn-
thesized than are the deoxyribonucleotides in DNA.
Moreover, DNA could evolve from RNA and then
take over RNA' s role as the heredity. In fact,
RNA came before proteins. In 1983 Thomas Cech
at University of Colorado and Sidney Altman at
Yale University discovered the first known ri-
bozymes, enzymes made of RNA. The first ri-
bozymes identified could do little more than cut and
join preexisting RNA. Nevertheless. --

As the experiments to reveal the original origin
of life in the Earth, in the early 1950s Stanley
Miller, working in the laboratory of Harold C.
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Urey at the University of Chicago, did the first ex-
periment to clarify the chemical reactions that oc-
curred on the primitive earth. In the flask at the

bottom, he heated water and forced water vapor to
circulate through the apparatus. The flask at the
top contained an atmosphere consisting of methane
( C~), ammonia (NH3) , hydrogen (Hz) and the

circulating water vapor. Next he exposed the gases
to a continuous electrical discharge, causing the
gases to interact. Water soluble products of those
reactions then passed through a condenser and dis-
solved in the mock ocean. The experiment yielded
amino acids and enabled Miller to explain how they
had formed. For instance, glycine appeared after
reactions in the atmosphere produced simple com-
pounds formaldehyde and hydrogen cyanide that
participated in the set of reactions that took place.
For the above experiments, one heavy critics is that
the so called amino acid products coming from bac-
teria contamination. Bacteria exist everywhere in
the Earth and it is very possible to get the bacterial
contamination in the experiments.

Stem cell is the origin of an orgnism' slife.
Stem cells have the remarkable potential to develop
into many different cell types in life bodies, that
are exciting to scientists because of their potential
to develop into many different cells, tissues and or-

gans. Stem cell is totipotent and it is a single cell
that can give rise to progeny that differentiate into
any of the specialized cells of embryonic or adult
tissue. The ultimate stem cells (fertilized egg) di-
vides to branches of cells that form various differen-

tiated tissues or organs. During these early deci-
sions, each daughter cell retains totipotency.
Through divisions and differentiations the embry-
onic stem cells lose totipotency and gain differenti-
ated function. During normal tissue renewal in

adult organs, tissue stem cells give rise to progeny
that differentiate into mature functioning cells of
that tissue. Stem cells losing totipotentiality are
progenitor cells. Except for germinal cells, which
retain totipotency, most stem cells in adult tissues
have reduced potential to produce cells of different
types (Ma, 200Sc).

18 Discussions

.
There are plenty of puzzles about the concept

of life. The concrete objects ready to hand are usu-
ally easily classified as living or non-living. Fish
and ants are alive while candles, crystals and clouds
are not. Yet many things are genuinely puzzling to
classify as living or not. Viruses are one borderline
case, biochemical soups of evolving RNA strings in
molecular genetics laboratories are another. Ex-
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traterrestrial life forms, if any exist, might well
not depend on DNA-encoded information or, in-

deed, any familiar carbon chemistry processes.
How would we recognize extraterrestrial life if we
found it? We have no reason to suppose it will have
any of the accidental characteristics found in famil-
iar forms of life. What, then, are the essential
properties possessed by all possible forms of life?
The search for extraterrestrial life needs some an-

swer to this question, for we can search for life only
if we have a prior conception of what life is.

The phenomena of life raise a variety of subtle
and controversial questions. Early life forms some-
how originated from pre-biotic chemical soup. Does
this imply that there is an ineliminable continuum

of things being more or less alive, as many sup-
pose? Another subtle question concerns the differ-
ent levels of living phenomena, such as cells, or-
gans, organisms, ecosystems and asks in what
senses the concept of life applies at these various
levels. Does the essence of life concern matter or
form? On the one hand, certain distinctive carbon-
based macromolecules playa crucial role in the vital
processes of all known living entities; on the other
hand, life seems to be more in the nature of a pro-
cess than a kind of substance. The relationship be-
tween life and mind raises another question. When
we consider plants, bacteria, insects, and mam-
mals, for example, we apparently find different
kinds of mental activity, and it seems that different
degrees of behavioral sophistication correspond to
different levels of intelligence. Might the various
forms of life and mind be somehow connected.? To
answer questions like these above and make sense of
the puzzling phenomena of life, we need a sound
and compelling grasp of the nature of life. Can any
property embrace and unify not only life's existing
diversity but also all its possible forms? What is the
philosophically and scientifically most plausible way
to account for the characteristic life-like features of

this striking diversity of phenomena? How can we
resolve the controversies about life? The concept of
life as supple adaptation, explained below, is my
attempt to address these issues.

Notice that our ordinary, everyday concept of
life does not settle what the true nature of life is.
Thus, we are not concerned here with careful de-

lineation of the paradigms and stereotypes that we
commonly associate with life. We want to know
what life is, not what people think life is. Glass
does not fall under the everyday concept of a liquid,
even though chemists tell us that glass really is a
liquid. Likewise, we should not object if the true
nature of life happens to have some initially coun-
terintuitive consequences.
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Four questions are important to answer: (1)
How are different forms of life at different levels of
the vital hierarchy related? (2) Is there a continu-
um between life and non-life? (3) Does life essen-
tially concern a living entity's material composition
or its form? (4) Are life and mind intrinsically con-
nected?

For now, many people, including biologists
and other scientists are still believing that God cre-
ated the life, even they never publish any academic
articles to describe that. The ridiculous things are
that many biologists always write articles and teach
students evolution in their work time but believe
creation theory (deny evolution) in their weekend
church time. Depending on the academic articles,
they make their career and life, but depending on
the Bible, they come back non-experiment believe.
The fighting between science and religion is still a
heavy topic in the modern time.
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