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Unit One

Challenges and Opportunities
in Biology Today



Lesson 1

Challengesvand Opportunities in Biology Today

Anyone who reads a daily newspaper is well acquainted with world problems: overpopula-
tion, ‘amine, crime, drug addiction, AIDS, cancer, heart disease, pollution, ozone depletion,
acid -ain, changes in climate. While these problems tend to have multiple roots, their biological
bases may vield to biological solutions, and these solutions, in turn, will help ease the associat-
ed pressures on society. For this reason, citizens in all fields must understand the biological
bases of the world’s problems.

\Many of our most vexing problems stem from our spectes’ enormous and burgeoning popu-
latior.. Five billion. people are currently straining our planet’s environmental resources, and by
the year 2000, we will number 6 billion. This immense population is accumulating because the
hume: species, like all others, is finely honed to overcome the tendencies toward disorganiza-
tion and death. The resulting human adaptations—the abilities to reason, communicate, and
manivalate the physical world—have been so successful that our single species is busily exhaust-
ing th2 limited resources that support all life on our small planet. Many observers believe that
our f.iture security and quality of life are threatened less by war among nations than by the bur-
den w= place on natural sysiems and resources with the sheer crush of humanity.

lake, for example, the plight of Madagascar, an island 1600 km (1000 miles) long off
the s atheast coast of Africa. In this past 35 years, half of Madagascar’s forests have been lev-
eled 1. provide fuel and to uncover farmland for the impoverished and rapidly growing popula-
tion. Heavy rains, however, cause the cleared hills to erode, bleeding the rich red topsoil into
the rvers and destroying the land’s ability to grow crops. Farmers plant clove tree seedlings on
the c.ared slopes and then wait seven years before the first full crop of the spicy pungent flower
is ready for harvest and export, simply hoping that the slope will not wash away before har-
vest . Whole villages depend on the developed world’s appetite for vanilla ice cream, cola
drink-, and other foods that contain extracts from clove buds. Yet their own children go hun-
gry bezause cloves are not an adequate food source.

"The exploitation of Madagascar’s forests and wildlife began long ago when the human pop-
ulaticr: was much smaller, and in the process, many species became extinct, including the “cle-
phant bird,” an astonishing animal that stood 3 m (10 feet) tall, weighed 500 kg (half a ton),
and laid 10-kg (20-pound) eggs. The destruction has since accelerated, and with it has come
the loxs of hundreds of species, including plants that produce potentially life-saving drugs. Res-
idents of Madagascar export a pinkpetaled periwinkle flower to pharmaceutical companies in
Europe: and North America that use the petals to make drugs for children with leukemia. Many
obser.ors fear that many such plants with potential uses in medicine and agriculture will perish

along with Madagascar’s tropical forests before they are ever studied and applied. And worse,
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the fear that Madagascar’s own people are not even benefiting substantially from the wholesale
clearing of forested lands.

Two decades ago, one might have predicted a similar fate for the central American nation
of Costa Rica. Although this small country’s national debt is one of the highest in the world per
citizen, the leaders are committed 1o sustainable development based on the application of mod-
ern biological principles and practices. Among other things, Costa Ricans are replanting defor-
ested hillsides with fast-growing tropical hardwood trees. They are also growing nutritionally
imj roved food crops, attempting to set aside up to 15 percent of their land as natural preserves
for their tropical species, and instituting up-io-date health care and family-planning practices
whenever possible. Costa Rica’s success is a hopeful sign for the future: biological solutions for
social problems of biological origin.

You will {ind many discussions of how biology is helping to solve social problems. We are,
n “act, in the midst of a revolution in the hiological sciences, with exciting new information
su-facing weekly in the fight against cancer, heart disease, AIDS, infertility, and obesity. Re-
sezrchers are making rapid advances in gene manipulation to create new drugs, crops, and farm
an mals; in sports physiology to improve human performance; in the diagnosis of genetic dis-
catvsi and in the transplantation of organs, including brain tissue. Across all frontiers of bio-
log cal science, at all levels of life’s organization—from molecules to the biosphere—scientists
are learning the most profound secrets of how living things use energy to overcome disorganiza-
tict and reproduce to overcome death. In studying the living world, you are embarking on an
ad. snture of discovery that will not only excite your imagination and enrich your appreciation of
the natural world, but will provide a basis on which you can contribute intelligently to the diffi-

cu choices society must make in the future.
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Notes to the Text

1. Waile these problems tend to have multiple roots, their biological bases may yield to biologi-
cal solutions, and these solutions, tn turn, will help ease the associated pressures on society.
BT AR R 2 7 L, T TR 2 AR o] LUFR A 2 T v e i, T s S8 R ey o e ot ke s
FWTREBEMNLEHNES,

2. In studying the living world, you are embarking on adventure of discovery that will not only
excite your imagination and enrich your appreciation of the natural world, but will provide a
basis on which you can contribute intelligently to the difficult choices society must make in
the future.
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Questions

I. What are the problems occuring in human society?

2. What are the biological bases of the world's problems?
3.What was the situation in Madagascar in the past 35 years?
4. What was the situation in Costa Rica two decades ago?

5.How 1s biology helping to solve social problems?

Exercises
1. Matching
1) srrain a) abbrev. for acquired immuno-deficiency syndrome
2) famine b) state of being adapted
3) AIDS ¢) extreme scarcity of food in a region
4) leukemia d) stone used for sharpening tools
5) indertility ¢) disease in which there is an excess of leucocytes
6) osity f) of medicinal drugs
7) adaptation g) make the greatest possible use of
8) hone h) be able to keep up or maintain
9) sustainable i) being very fat
10) paarmaceutical j) state of being not able to produce young

2. True or False

1) “among all the factors concern to the world’s problems, such as overpopulation, pollution,

:re., biology is an important one.

2)  Owr earth can provide enough resources to 6 billion people in the world.
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Comparing with war, the population burden 1s a much more serious threaten to us.

)
4)  The population in Madagascar grew so rapidly that the forest had to give way to farmland.
5)  Clove is not only a good perfume, but also an adequate food for man.
0)  You can still find elephant bird, a kind of huge animal in Madagascar.
7)  The petals of periwinkle flowers are a key material in making drugs for leukemia.

8)  Costa Rica, a small country with heavy debt, is now facing the same fate with Madagas-
car.

9)  Tropical hardwood trees grow fast, which make them good choices when deforested hill-
sides need to be replanted.

10+ Researches on biological science can be applied to social science.

3. Reading Comprehension

[) Many observers believe that our security and quality of life are threatened less by war among
wations than
A. by the burden we place on natural
B. by the resources with the sheer crush of humanity
(. by the war among nations
D). both A and B
2) Which one is not sure in Madagascar?
A. Half of forests have been leveled.
3. Farmers plant too many crops.
(. Their children maybe go hungry.
). Many species became extinct.
3) Which one is not sure in Costa Rica?
A. Costa Rica is one of richest countries.
B. The leaders committed to apply modern biological principles and practices.
C. Costa Rica has grown a lot of tropical hardwood trees.
I>. They set up natural preserves.
4) It can not be inferred from this paper that
A. there are many problems in this world
B. biology is developing slowly
(. we should understand the biological base of the world’s problems -
D. we solved a lot of problems using biology
5) What is the main idea of this passage?
A. There are many problems in the world.
B. We have found the approach to solve problems.
C. Biology is the only opportunity today.

D). We cin use biological solutions for social problems.



Lesson 2

Biology Is the Study of Life
(Reading Material)

Biology is a science that attempts to understand the teeming diversity of life on earth, of
whicl we are a part. It is important that mankind learn how to live in harmony with earth’s
other residents. The science of biology has much to contribute to this effort. A good way to
start vour study of biology is to focus for a moment on biology’s subject: life. What is life?
What do we mean when we use the term? This is not as simple a question as it appears, largely
because life itself is not a simple concept. Pause for a moment and try to write a simple defini-
tion of “life.” You will find that it is not an easy task. The problem is not your ignorance, but
rather the loose manner in which the concept“life”is used. For example, imagine a situation in
whicl: two astronauts encounter a large, formless blob on the surface of some other planet. One
might say 1o the other, “Is it alive?”We can try to answer the question of what life is by observ-
ing what the astronauts do to find out whether the blob has life. Probably they would first ob-
serve the blob to see whether it moves.

Movement. Most animals move about. A horse winning the Kentucky Derby, a dog chas-
ing & car, you rolling over in bed—movement seems an integral part of living. Movement from
one .ace to another is not in itsell a sure sign of life, however. Many animals, and most
plant~, do not move about, and many nonliving objects such as clouds can be observed to move.
The criterion of movement is thus neither necessary—possessed by all life forms—nor suffi-
cient-—possessed only by life forms, even though it is a common attribute of many kinds of or-
ganism.

""he astronauts might prod the blob to see whether it responds, and thus test for another
criterion, sensitivity,

Sensitivity. Almost all living things respond to stimuli. Plants grow toward light, and ani-
mals retreat from fire. Not all stimuli produce responses, however. Irﬁagine kicking a redwood
tree or singing to a mushroom. Different kinds of organisms often react to the same stimuli in
different ways. This criterion, although superior to the first one, is still inadequate to define
life. |

The astronauts might watch the blob to see whether it change, and thus test yet another
criterion, development.

Development. Most multicellular organisms exhibit development, an orderly progressive
change in form and degree of specialization. You, for example, started life as a single cell. As
you grew to be an embryo and then a baby, different cell types developed, giving rise to brain
and .ung and bone, and finally to your adult form. Without development, you would be simply

a large blob of similar cell. Not all living things exhibit development, however. A single-celled
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ba ertum, for example, does not develop from a simpler form; its parent cell simply divides in-
o 'wo identical daughter cells. Nor are all things alive that undergo progressive, orderly
change. The progressive, orderly series of rocks that can be seen on the walls of the Grand
Canyon does not indicate that the canvon was cver alive.

The astronants might think that the motionless bleb had once been alive, but is now dead.

Death. All living things dic, whereas no inanimate objects do. Death is not the same as
disneder, however. A car that breaks down does not die; we may say, “The car died on me, "or
“1 killed the engine,” but the now-broken car was never alive. Death is simply the termination
of -'e. Unless one can detect life, death is a meaningless concept. Death is a terribly inadequate
Cril rion.

Finally, the astronauts might attempt 1o pick up the blob and examine it more carefully,
10 ¢ how complex it is.

Complexitv. All living things are complex. Even the simplest bacterium contains a bewil-
der g array of molecules, organized into many complex structures. Complexity is not diagnos-
tie f life, however. A computer is also complex, but it is not alive. Complexity is a necessary
conition of life, but not sufficient in iself 10 identify living things, since many complex things
are - ot alive.

To determine whether the blob is alive, the astronauts must learn much more about it.
The best thing thev could do would be to examine it more carefully and determine the ways in
whi 1 it resemibles living arganismes. All organisms that we know about share certain general
properties. ones that we think must ultimately have been derived from the first organisms that
evolved on earth. It is by these properties that we recognize other living things, and to a large
degr: e these properties define what we mean by the process of life. Four fundamental properties
shared by all organisms on carth are;

Cellular organization. All organisms are composed of one or more cells, complex organized

asse: blages of molecules—the smallest units of a chemical compound that still have the proper-
ties f that compound—within membranes. The simplest organisms possess only a single cell;
your ody contains about 100 trillion.

srowth and metabolism. All living things assimilate energy and use it to grow in a process
calle metabolism. Plants, algae, and some bacteria utilize the energy of sunlight to create the
more complicated molecules that make up living organisms from carbon dioxide (CO») and wa-
ter (FO). The process by which they do this is known as photosynthesis. Nearly all other or-
ganis1 s obtain their energy by consuming these photosynthetic organisms, or one another, in a
constint cbb and flow of energy. All ol the organisms you see about you drive the processes of
life vithin themselves by using chemical encrgy first captured by photosynthesis. In all living
thing~, this energy is transferred from one place 1o another by means of special, small, energy-
carry ng molecules called ATP molecules.

teproduction. Some organisms live for a very long time. Some of the bristlecone pines

( Pir.s longuewa ) growing near timberline in the western Great Basin of the United States
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have heen alive for nearly 5000 vears. But no organisms live forever, as far as we know. Be-
cause «1l individual organisms ultimately die, life as an ongoing process is impossible without re-
production .

Homeostasis. All living things maintain an internal environment quite different from their
surroundings, with more of certain chemicals and less of others. Maintaining relatively stable
interrizl conditions in an organism is called homeostasis. If someone were to grind you up into a
soup, vou would not be alive, even though all the same molecules would be present. The rela-
tionsh:p between the molecules, which forms the stable internal environment necessary for you
to live. would have been destroyed.

Are these properties adequate to define life? Is a membrane-enclosed entity that grows and
reprodaces alive? Not necessarily. Soap bubbles in water solution spontaneously form hollow
spher:s, membranes that enclose a small volume of air. These spheres may grow and subdivide,
and maintain an internal environment quite different from the water surrounding them. Despite
these “eatures, the soap bubbles are certainly not alive. Therefore the four criteria just listed are
necessary for life but are not sufficient to define life. One ingredient is missing: heredity, a
mech.nism for preserving features that determines what an organism is like.

Heredity. All organisms on earth possess a “genetic” system that is based on the replication
(duplication) of a complex linear molecule called DNA. The order of the subunits making up
the IZNA contains, in code, the information that determines what an individual organism will
be like, just as the order of letters on this page determines the sense of what vou are reading.
Block= of coded information in the DNA contain the direction for creating the molecules that de-
termi~e what organisms are like. These subunits of DNA are called genes.

'I'> understand the role of heredity in our definition of life, let us return for a moment to
bubbles. When examining an individual bubble, we see it at that precise moment in time. but:
we len nothing of predecessors. It is likewise impossible to guess what future bubbles will be
like. The bubbles are the passive prisoners of a changing environment, and it is in this sense
that tiey are not alive. The essence of being alive is the ability to reproduce permanently the
result~ of change. Heredity, the transmission of characteristics from parent to offspring, there-
fore p-ovides the basis for the great division between the living and the nonliving. A genetic
systen that enables this transmission to oceur is the sufficient condition of life.

A natural consequence of heredity is adaptation. An adaptation is any peculiarity of struc-
ture, physiology (life processes) , or behavior that promotes the likelihood of an organism’s sur-
vival - ad reproduction in a particular environment. Organisms seem remarkably well suited to
the environments in which they live. In the course of the progressive adaptation of organisms to
the condition of life on earth—a process known as evolution—those organisms that were less
suitec to particular places have not persisted. The ones that are found there today are the “win-
ners, [or the moment. When we look at any living organism, therefore, we see in its features

a record of 1ts history. Not only does life evolve, evolution is the very essence of life.
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The criterion of movement is thus neither necessary—possessed by all life forms—nor suffi-

¢« -nt=—possessed only by life forms. cven though it is a common attribute of many kinds of or-
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