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Unit One

Text:

The Seven Pillars of Life

Daniel E. Koshland Jr.

What is the definition of life? “The ability to reproduce — that is the essen-
tial characteristic of life,” said one statesman of science. Although everyone
knows what life is, there is no simple definition of it.

If | were forced to rush in where angels fear to tread, | would offer “a living
organism is an organized unit, which can carry out metabolic reactions, defend
itself against injury, respond to stimuli, and has the capacity to be at least a
partner in reproduction. ” But I’'m not happy with such a brief definition. When
allowed more extensive reflection, however, | think the fundamental pillars on
which life is based can be defined. By “pillars” | mean the essential principles
by which a living system operates. Current interest in discovering life in other
galaxies and in recreating life in artificial systems indicates that it would be de-
sirable to elucidate those pillars, their operation, and why they are essential to
life. in this essay, | will refer to the particular mechanisms by which those prin-
ciples are implemented in life on Earth, while reserving the right to suggest that
there may be other mechanisms to implemeht the principles.

The first pillar of life is a Program. By program | mean an organized plan
that describes both the ingredients themselves and the kinetics of the interac-
tions among ingredients as the living system persists through time. For the liv-
ing systems we observe on Earth, this program is implemented by the DNA that

encodes the genes of Earth’s organisms and that is replicated from generation to
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generation, with small changes but always with the overall plan intact. The
genes in turn encode for chemicals — the proteins, nucleic acids, etc. — that
carry out the reactions in living systems. It is in the DNA that the program is
summarized and maintained for life on Earth.

The second pillar of life is Improvisation. Because a living system will in-
evitably be a small fraction of the larger universe in which it lives, it will not be
able to control all the changes and vicissitudes of its environment, so it must
have some way to change its program. If a warm period changes to an ice age
so that the program is less effective, the system will need to change its pro-
gram to survive. In our current living systems, such changes can be achieved
by a process of mutation plus selection that allows programs to be optimized for
new environmental challenges that are to be faced.

The third pillar of life is Compartmentalization. All the organisms that we
consider living are confined to a limited volume, surrounded by a surface that
we call a membrane or skin that keeps the ingredients in a defined volume and
keeps deleterious chemicals — toxic or diluting — on the outside. Moreover,
as organisms become large, they are divided into smaller compartments, which
we call cells, in order to centralize and specialize certain functions within the
larger organism. The reason for compartmentalization is that life depends on
the reaction kinetics of its ingredients, the substrates and catalysts of the living
system. Those kinetics depend on the concentrations of the ingredients. Simple
dilution of the contents of a cell kills it because of the decrease in concentration
of the contents, even though all the chemicals remain as active as before dilu-
tion. So a container is essential to maintain the concentrations and arrangement
of the interior of the living organism and to provide protection from the outside.

The fourth pillar of life is Energy . Life involves movement — of chemicals,
of the body, of components of the body — and a system with net movement
cannot be in equilibrium. 1t must be an open and, in this case, metabolizing
system. Many chemical reactions are going on inside the cell, and molecules
are coming in from the outer environment — O,, CO., metals, etc. The
organism’s system is parsimonious; many of the chemicals are recycled multi-
ple times in an organism’s lifetime, but originally they enter the living system
from the outside, so thermodynamicists call this an open system. Because of
the many reactions and the fact that there is some gain of entropy, there must
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be a compensation to keep the system going and that compensation requires a
continuous source of energy. The major source of energy in Earth’s biosphere is
the Sun — although life on Earth gets a little energy from other sources such as
the internal heat of the Earth — so the system can continue indefinitely by clev-
erly recycling chemicals as long as it has the added energy of the Sun to com-
pensate for its entropy changes.

The fifth pillar is Regeneration. Because a metabolizing system composed
of catalysts and chemicals in a container is constantly reacting, it will inevitably
be associated with some thermodynamic losses. Because those losses will
eventually change the kinetics of the program adversely, there must be a plan
to compensate for those losses, that is, a regeneration system. One such re-
generation system is the diffusion or active transport of chemicals into the living
organism. Another system for regeneration is the constant resynthesis of the
constituents of the living system that are subject to wear and tear. For exam-
ple, the heart muscle of a normal human beats 60 times a minute — 3 600 times
an hour, 31 104 000 times a year, 2 177 280 000 times a lifetime. No man-
made material has been found that would not fatigue and collapse under such
use, which is why artificial hearts have such a short utilization span. The living
system, however, continually resynthesizes and replaces its heart muscle pro-
teins as they suffer degradation; the body does the same for other constituents
— its lung sacs, kidney proteins, brain synapses, etc.

This is not the only way the living system regenerates. The constant resyn-
thesis of its proteins and body constituents is not quite perfect, so the small loss
for each regeneration in the short run becomes a larger loss overall for all the
processes in the long run, adding up to what we call aging. So living systems,
at least the ones we know, use a clever trick to perfect the regeneration pro-
cess — that is, they start over. Starting over can be a cell dividing, in the case
of Escherichia coli, or the birth of an infant for Homo sapiens. By beginning a
new generation, the infant starts from scratch, and all the chemical ingredi-
ents, programs, and other constituents go back to the beginning to correct the
inevitable decline of a continuously functioning metabolizing system.

The sixth pillar is Adaptability . Improvisation is a form of adaptability, but
is too slow for many of the environmental hazards that a living organism must

face. For example, a human that puts a hand into a fire has a painful experi-
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ence that might be selected against in evolution — but the individual needs to
withdraw his hand from the fire immediately to live appropriately thereatfter.
That behavioral response to pain is essential to survival and is a fundamental
response of living systems that we call feedback. Our bodies respond to deple-
tion of nutrients with hunger, which causes us to seek new food, and our feed-
back then prevents our eating to an excess of nutrients by losing appetite and
eating less. Walking long distances on bare feet leads to calluses on one’s feet
or the acquisition of shoes to protect them. These behavioral manifestations of
adaptability are a development of feedback and feedforward responses at the
molecular level and are responses of living systems that allow survival in quick-
ly changing environments. Adaptability could arguably include improvisation,
but improvisation is a mechanism to change the fundamental program, whereas
adaptability is a behavioral response that is part of the program. Just as these
two necessities are handled by different mechanisms in our Earth-bound sys-
tem, | believe they will be different concepts handled by different mechanisms
in any newly devised or newly discovered system.

Finally, and far from the least, is the seventh pillar, Seclusion. By seclu-
sion, | mean something rather like privacy in the social world of our universe. it
is essential for a metabolizing system with many reactions going on at the same
time, to prevent the chemicals in pathway 1 (A—B—C—D) from being metab-
olized by the catalysts of pathway 2 (R—S—T—U). Our living system does
this by a crucial property of life — the specificity of enzymes that work only on
the molecules for which they were designed and are not confused by collisions
with miscellaneous molecules from other pathways. In a sense this property is
like insulating an electrically conducting wire so it isn’t short-circuited by con-
tact with another wire. The seclusion of the biological system is not absolute. It
can be interrupted by feedback and feedforward messages, but only messages
that have specifically arranged conduits can be received. There is also speci-
ficity in DNA and RNA interactions. lt is this seclusion of pathways that allows
thousands of reactions to occur with high efficiency in the tiny volumes of a liv-
ing cell, while simultaneously receiving selective signals that ensure an appro-
priate response to environmental changes.

These seven pillars of life are the fundamental principles on which a living
system is based. Mechanisms to achieve such a system can be varied as long
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as they satisfy the thermodynamic and Kinetic requirements. We have one ex-
ample, life on Earth, showing how it can be done. It will be interesting to see
whether a different, self-consistent set of mechanisms could yield a model with
life as an outcome.

Notes

1. Daniel E. Koshland Jr. : the author of this essay who works in the Department of Molec-
ular and Cell Biology, University of California, Berkeley, and a former Editor-in-Chief of
Science magazine.

2. Escherichia coli /iefo ' rikio' koli/ [#] &4 KA (FF) &

3. Homo sapiens /' houmoau ' sapionz/ n. used to refer to human beings, considered as a
type of animal, in contrast to other species of ape or animal, or earlier evolutionary forms
of humans.  BA (BRAWZESR), AE, A

4. DNA abbr. deoxyribonucleic acid (the basic constituent of the gene) Jit 8 B A% BR
(EHEPFEART)

5. RNA abbr. ribonucleic acid BFEHRR

New Words and Expressions

1. kinetic /ki ' netik/ adj. concerned with movement or produced by
movement fijj ('!?) 5 (I@) fj]ﬁg

2. elucidate /i lusideit/ v. to make sth. clear; explain {# (GEFH)) B
R, EY

3. encode /in' keud/ v. to put a message or some information into a

code or express it in a different form or sys-

tem of language B AE B RN . D

4. intact /in'taekt/ adj. undamaged; complete JGIRAHIR); SCER

5. nucleic acid /nju:’ klitik ' zesid/ n. either of two acids (DNA and RNA) occur-
ring in all living cells &

6. improvisation //impravai’ zeifn/ n. making sth. without preparation At
s R EE R S Y

7. vicissitude /vi'sisitju:d/ n. (usu. pl.) change in one’s circumstances,
esp. for the worse M AFEHIHRE, "
&) &R

8. mutation /mju’teifon/ n. change; alteration ZEfk, H7&; RIE,
s



9. optimize /' optimaiz/ v.

10.

- 11.

12.
13.

14.

15.

16.
17.

18.

19.

20.

21.

compartmentalize
/\kempait ' mentalaiz/ v.

membrane /' membrein/ n.

deleterious /ideli ' tiarios/ adj .
dilute /dai ' ljut/ v.

substrate /' sabstreit/ n.

catalyst /' keetolist/ n.

adversely /' aedvaisli/ adv.

parsimonious /jpa:si’ mounias/ adj .

thermodynamicist
/\6amaudai ' naemisist/ 7.
biosphere /' baissfio/ 7.

entropy / entropi/ n.

diffusion /di ' fjuzn/ n.

22. resynthesis/ri ' sin@isis/ 7.

6

(a formal use) 1.to arrange or design sth. so
that it operates as smoothly and efficiently as
possible  flifk, fH/R AT HEA MOHFELT 2. 10
get as much advantage or benefit {rom a situ-
ation or opportunity as you can 773 Fl|
to divide sth. into separate sections ¥ 5t 2
)43 R 1) A8

compartmentalization n.  }F%

piece of thin pliable skin-like tissue connect-
ing, covering or lining parts of an animal or a
vegetable body R R

harmful &K

1. make (a liquid or color) thinner or weaker
(by adding water or another liquid) {48
Fi: AP 2. make sth. weaker in force, ef-
fect, etc. HISH (REY) MAE. ¥R
sl BRAIR

dilution 7. diluting or being diluted #&¥%,
IR

( = substratum) sth. that exists under the
surface of sth. else, or is less obvious than
sth. else  [ZE] H53R8t; B BERAY
1. substance that speeds up a chemical reac-
tion without itself changing HE{LFI 2. per-
son or thing that causes a change (AL
(SPNEE 27

unfavorably A~ F| Hi

very careful in spending money or using re-
sources FrHy, NI R

VIS

KB (35 MR b A R DA AR B KR
5 KRFMKSZR)

FHPRER SR (B EHEHES SRR
RE) B

spreading all around; sending out in all direc-
tions HCfi s fE3%; wRiEs YR

Ba



23.

24.

25.

26.

27.
28.

29.

30.

33.

constituent /kon 'stitjuont/ adj. & n.

degrade /di ' greid/ v.

sac /sek/ n.
synapse / 'saineeps/ n.

nutrient /' njutrient/ 7.

callus /' keelas/ n.

miscellaneous /imiso ' leinios/ adj .

seclusion /si' klusn/ n.

. specificity /ispesi ' fisati/ n.
32.

enzyme /' enzaim/ n.

conduit /" kondit/ 7.

Exercises

I

O 00~ O W B W=

. COMPREHENSION OF THE TEXT

forming or helping to make a whole; compo-
nent parts ZLRH, HEE; B4
(chemistry or biology) cause sth. to become
less complex in structure  (fH3E4)) K,
Grff, 1BAL

bag-like part of an animal or plant  (Zh#)
SAEYAL TR B, B

(] 2 (35— IC RN A Y
M) 575 — ¥ 22 ST A ARY 5% BOM AR BB AL)

energy supplies fEE LS

area of thick hardened skin #F (BZAKHE
P38 TR ER )

of various kinds; of mixed composition or
character &R AFER; AR HY; H
JRIR A

being secluded; secluded place; privacy i1
B AMARTEH

(4] $e 5tk FRIE, etk

organic chemical substance that is formed in
living cells and assists chemical changes
(e.g. in digestion) without being changed
itselfl

tube enclosing insulated electric wires 2%

"

DIRECTIONS: Answer the following questions according to the text.

How does a statesman of science define life?

. What does the article focus on?

. What is the key point of the second pillar?

. How do you understand that life is energy?

. How does the author understand the definition of life?

. Why does the author describe the “pillars” as fundamental?
_ What does the author mean by “program”? Why is it so important?

_ What is the function of the third pillar according to the author?

_ What is the exact meaning of the word “entropy” in this context?



10.

What caused those thermodynamic losses?

11. What can be done to compensate for those losses?
12. What is the advantage of the fifth pillar?
13. Can you explain the feedback and feedforward mentioned by the author?
14. Is the seclusion of the biological system absolute? Why not?
15. Do you think these seven pillars are perfect? Why or why not?
1. VOCABULARY
Section A
DIRECTIONS: Complete the following sentences with the words or phrases given be-
low. Change the form where necessary. Note there are more words than necessary.
respond to carry out refer to in turn
as long as depend on start off add up to
divide into subject to confine to rush in
1. It is now known that the terrible disease such as AIDS — not any one group in
society.
2. In those days, Ted and I took it to go into the hospital and sit with Emma.
3. Many people wonder why the international community cannot the current eco-
nomic crisis in a unified way.
4. She  asan assistant of her husband after graduation and later became an engineer.
5. The structure of all parts of the department was continually reappraisal.
6. Their proposals put forward at the yesterday’s meeting did not any real compen-
sation for the losses.
7. After World War I, Germany two separate countries for more than four
decades.
8. It is hoped that the kidnappers will not ~ their threat to kill the hostages.
9. Pollution of the sea has killed thousands of the fish which many fishermen _ for
their livelihoods.
10. The interior minister said that he would still support them they didn't break
the rules.
Section B
DIRECTIONS: Complete the following sentences with the appropriate forms of the
words given in brackets.
1. The concept is of an  (interact) museum where by pressing buttons, children

can get the exhibits to work.
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2. Many of the so-called (generate) diseases, for which there are as yet no effec-
tive therapies, could then be alleviated or healed.

3. As a pianist, she was noted for the - (improvise) which she would insert into
middle of classical pieces.

4. Many (gene) engineered species have already been produced, so the danger of
such mixing is high.

5. A study is under way to determine the exact (concentrate) of lead in the local
water supply.

6. Scientists have already successfully planted (correct) genes in laboratory ani-
mals and in laboratory samples of human tissues.

7. We need to sunbathe on a (seclusion) beach that was completely cut off when
the tide came in.

8. His life was carefully ~ (compartment) with his work in one city and his social
life in another.

9. Human eyes are very (adapt) optical sensors, able to respond to a wide range
of light levels.

10. Although this “live fast, die young” hypothesis seems true in a very general way —

short-lived shrews have higher (metabolize) than long-lived elephants — it

breaks down when examined more closely.

I .CLOZE
DIRECTIONS: Fill in each of the following blanks either with a word concerning the
subject matter or with a word necessary to complete the sentence structure. Try to use

the words in the text.

When asked about the definition of life, we all became convinced that the ability to re-
produce is the essential characteristic of life. (1) [ am not happy with such a brief
answer. When allowed more extensive reflection, however, 1 think the fundamental pillars
on (2) life is based can be defined. By “pillars” I mean the essential principles by
which a living system operates.

The first pillar of life is a program which is implemented by the DNA that 3

the genes of Earth’s organisms and that is replicated (4) generation to generation.
Itis (5) the DNA that the program is summarized and maintained for life on
Earth. The second pillar is improvisation (6) function allows programs to be opti-
mized for new environmental challenges that (7) to be faced. The third pillar is
like a container (8) to maintain the concentrations and arrangement of the interior
of the living organism and to provide (9) from the outside. The fourth pillar is en-
ergy that is required to be a compensation (10) a continuous source to keep the liv-
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