Special Eng




NEEN

ABENAETRTC, A O TF, WESRAGHEHT ZER, TR A, REHR. X5
o B % W BEENC N T EBRE AR SO R, A B TR AR E K0T IR RS

AFYFET AR, -9 RN EQREHE RSB ANELS I, RA LR,
10~ 14 &R HEE YRGB HRE, BA B RBTHEANIERFEB0E BB
AR Bt MBERASH AR USNEEHM B RMNS LN,

BB 1ERR 4 B (CIP) 18

Ty BB —— Y R A R AR KR

e, —K&E  HHKFEERA,2001.8

ISBN7 - 5601 — 2492 - 5

.50 1.8 0. FlREEYFk

B —h B — 3 IV .D1287.5

rh [E AR A B H 18 CIP #i#E4% 7 (2001) &8 028201 ©

Special English
v 3iE
Basis and Achievements in Biology
W2 R SRR
thfre KHR %

FEGE: B HERHBW ZRE

- " IA T Ve 3

HMRKZEH BB AR FMoKE AL & T
CR BB 125 5 U B AR AR BRI
FFA.889 x 1196 1/16 2001 4E 8 AE 1 I
ENgK .15 F5K:400 TF 2001 4E 8 A5 1 IKEII
EP¥%K: 1-1000 A7

ISBN 7-5601-2492-5/H-256 SEM :50.00 JT



52

LA REPEARIREF— R R, “REREE R BER T A AR
AN fE AT N, R R EA AP, & B AU SULRIRk, LR IT(in-
formation technology ) fHR3 & J& 138 (45 B R A G ARG 3 & R A [ B2 F0oll, 348
ZILARI 2B KR RE T X,

TERZ I ERERE D A ARl 21 iHE A 58, BT (biological technology) iy & f
JUF 5 IT R R ITE K, 5 EH s 2k, i, Tig BEA B R A Rk, REE
IT Fl BT J5 Ei¥& S5 , H A Lo e 1R 477

R4, ERERT AEIRE Y BT 665 EFR BT S HU0FAIC BIH R RAE £ W87 Xk
— KR, R RBRADUAE LTRSS R . B2 M — AN ATE0
BT &2 e R B DR R, TAR, IERA % T 0, W I R 2R B ok
REIZHIZAHE H T Special English—Basis and Achievements in Biology)— 45, HAEER
Hik L B A RGN A EFRATFE—RFE S LA T REMNKAEGRE A T
PR ISR B A A48 B A W SR T R I RE S A AR AT LA S B PR AT RC
Vi, BB B 4, AT b SRR FOK SRR AR BE L ML &, R IBITFEEN
HYE B SIGEHFE NA R B, BRI E BT E R HE,

Vel —& i, RN — & E Y E B0, 2 B R Y BB
By, B T i%BORR M B %, REBA S0, R R HE MM R, REA A AT R B

1B REESM, LRRHTHEYFEM . H A B i SCE R Z - T
B A0 22 R T MR 5 SO 45 Bt SR AU 4 A HRORE R L R 1, T A (L RR BB A= o
HIR SR R GEE, T EL R B A AR B R R, TR A H Al BRI 2
RSB KR, T HLE AT SRS B i R AE R R R DB RERTR

2. SCEEERR MFAR 5 R Bk Y, BT T R O B o B X 3R R, A
HRe S HHEN M LEIE , AR HEEARS ! RITARGEIEFENBINER T B
IR T 2 AR A IR T

— A ABEF B IR 0T AR R A BN MBI BE VR R E . [
SR AT LU B A A A B, AT E S SR A, MRS = EEESRAR
“PEFE (virus) " HE B YR BIERRITEVIES , EAAULAEH 3 DNA.RNA 5EBARZ
BIXET . Hit, RELBLB(Special English—Basis and Achievements in Biology) #J Hi X ,
M ILE N PR RTOEML AR FRRS .

¥

B B % B B -
& P EER R F "f%{?p& AR



PREFACE

There are more new science words in an introductory biology textbook than are in a foreign language textbook .
This discovery in the 1980s by some U.S. science educators led them to propose that the technical terminology
should be removed from biology books; biology ”concepts” should be taught without the burden of adding complex
words that supposedly only specialists needed. This educationist fad proved to be a disaster when the next edition of
textbooks appeared with biology terminology missing. University educators learned — and classroom biology teachers
always knew that the scientific terms of biology are indispensable in leaming biology and it is not possible to' teach
biology concepts separate from the terminology.

Scientists-in-training must learn many new terms because advancement in biology involves recognizing more-
and-more detail and distinctions. Advancement in biology can be measured in the more precise and exact language
used to describe the ever-more-complex detail discovered each day. The hallmark of an educated person is the per-
son’s ability to use more specific terms and to use them with narrow precision. Over half of the biology terms in this
book would not appear in a biology book written in 1950. Nearly all of the molecular and cellular biology words were
developed after the Watson and Crick description of the structure of DNA. And even terms that pre-date this mile-
stone | such as words dealing with plants and animals  today have more refined definitions reflecting our advanced
understanding of evolution and molecular mechanisms. Researchers must use terms correctly to communicate with
each other and to stay at the cutting edge of discovery. As this book’s title asserts  and with deep meaning  termi-
nology is truly the "Basis for Progress in Biology.”

Biology teachers and the literate public must also recognize and use this growing vocabulary correctly in order to
reap the benefits of the new understanding gained through research. While Louis Pasteur and Robert Koch rapidly
expanded medical knowledge of bacterial infections among doctors, a much wider understanding of germ theory
among the public was necessary to reap the benefits of handwashing, safe food preparation, and other hygienic prac-
tices. India’s prime minister Nehru once said ”The future belongs to those who make friends with science.” A cou-
niry that builds a new generation of scientists who are current in the most advanced science terminology, and that
has a public that is also science literate, has "made friends with science” and has a future.

Authors Zhang and Xu bring together their experience in both biology teaching and advanced molecular and cel-
lular biology research to present a concise and accurate explication of today’s core biology concepts. The brief but
compact discussion of each biology subdiscipline is tightly integrated with definitions and glossary  helping the stu-
dent to keep ”thinking biology in English” but allowing a student to confirm the definition or its application in Chi-
nese. And while the number of new terms does indeed equal the number found in a language course, the common
rootwords and context make it easier to recognize the shared origins of many terms, just as a Chinese student can
parse the meaning and pronunciation of a new Chinese character based on its components. Chinese students are

known worldwide for their ability to accomplish hard intellectual work . This book should make that work in biology

much easier.

1
Professor of Biology and Director of Biology Education

4)1 ) {JA ( John Richard Schrock, Ph.D. )

Emporia State University



2o e
Hi| =

TEREJLSE AR AT R CEY ¥ T B IR AL B, RAF VD BERE — 468
H AR AR L L BE NG T — RN B . REA BT EEE: (1) mEL i
RT3 SRV, 305 EIE BV E T E; (2) BB £ b AR R S i &, /24
AR Ll B E KA R BT, o BB 3 N AE 2 R (3) 2 A 2R 4R | £ L 3G E K F R
B, U REHRE B B RN E KO s (4)18 5 R AT BB A i 308 E KR8 T

BEFIA¥THEIC, 4 40 TFE, NE S R Y)¥ HYE BAEYFE A% 8%
% HIHE Y AEPE B REEYE S TEYF AVBR R
WA S AU M EMAINFI R R, WA ZMAL, AL KHEERE, AIH#
BhisE R FE SR 18] BB AE )2 % MU 3T LA B R AE A 2f S SCIR BT R BB T o R
FELEAT b BB FPE AT St AR, ISR R B ) DGR

R T R E R L FIE LR A R AR, TEXT A B A T 3R
[ b A AR SC R BERE b UG AT T 2 SUE R RERT B S A 2R AR
fA e a4 B2 AR SSWRE S .

AT EY R W RESZEHRME S A BURREREL T8 EYFH
2 R R HNEASEYOR ETiRES R W EEFRRABERSG S BRI,
BETEHFEAGRFRAIF R HE. RIS ATLMEREE THAE X
AT ST R A YR, AT VE i R AE M2 % M 3 R AR 1 A0 5 SR [ B AP

mERBRP,BETHELERMRAIFENIE ML . BH/E,EE Emporia M K%
J. R. Schrock # MR B FE¥EE S. Rahman -+ X3t &HHTTIAEFR, FRHT
BB BEREN, FEH—FFBUR O f RS !

% B F)IEF ML RIE R B B, A B RERAFE SRR BENRR T AMBE
BB H TEE AR SmENKEERMZEA R, AR AR, BUIAEREH
TR IE,

o &
2001 4E 5 A FREERH



Contents H S

ﬁ ......................................................................................................... 1
PREFACE +treevteeterttatattetteuteteteettiteratiretaeierieesioseiasiesssonnrssssosssstsansisennsnsens 1
T ST LT il
Unit 1 Life on Earth ﬁ}ﬁﬁammi&};ﬁ ............................................................ 1
Unit 2 From Molecules to Cells M AT TFEIHHH  vevverrrerrrreereeesrnersmmmmmmmmmiinnenne. 6
§ 1 Matter ] R T LR R IRRT LT 6
§ 2 Nucleic Acids FZTE «+c--vovreveermrereriiemiiie e 8
§3 Proteins ZEFAMH  crocvvrrrerrrre e 10
§ 4 Enzymes [ «oooreeeeereererrsntrni 12
§ 5 Lipids JE2IE e 13
§ 6 SUGArs L - veereee oo 14
$ 7 The Cell Membrane ZHJIJE  «-vveeeeovmeerermmmmrreteinnirte e 15
§ 8 Cytoplasm g S R TR R T TP T T PP PP PP PP PP PP Y PRT PP PRRTPRPPIPPIPRTS 17
§O Nucleus AL  ooeeeeremerrermmmmmerem e et 18
§ 10 Prokaryotic Cells JEAZAAHL ---vvvvvvevmmmmmmmmmmmmmninnan 19
§ 11 Eukaryotic Cells BAGAIML  coveerrererr 20
Unit 3 Cell Activities ZHHIRIAERTIEDI covocvorrrreeerreree e 24
§ 1 DNA Replication DNA BEH e 2%
§ 2 RNA Transcription and Protein Synthesis RNA B FMERBREH 25
§ 3 Gene Structure, Function and Regulation Z&H K44 hREFIEEE --oovv oo 28
§ 4 Transport of Materials ) )ﬁ@fﬁ ................................................... 30
§ 5 Metabolism of Materials and Energy (1) #ISRRMMAERIHI(L) - 34
§ 6 Metabolism of Materials and Energy (1) #IRMAMBERHI(T) - 37
§ 7 Metabolic Control RIS cooremer e 40
§ 8 From DNA to Chromosomes M DNA FJZE AR overervremmineinn. 42
§ 9 Cellular Reproduction N R P P PP PP PP TP PR PETPRPPD 43
Unit 4 Heredity and Evolution BAEFIHE L -eovveeeree 62
§ 1 Classical Genetics % L:::81: ¢ 2= SR TTIRERERTIPR e 62



Unit 5

Unit 6

Unit 7

§ 2 Genetics of Viruses and Prokaryotes 38 Hl FAX A PIiB (G2 -oovevvvvereenneee 64

§ 3 Human Genetics AJSHEIEDE «oevrrmrmmien oot 66
§ 4 Molecular Genetics 3 F B E2E «vrerverrmrmmmi 67
§ 5 Cytoplasmic Inheritance ZHMEE L «-vereemeeerrrmrmrereeeeeenee e 68
§ 6 Origin and Evolution of Life AAFARIR GHEL ---coorererereomrrnme, 69
The Animal Kindom ZHHJTHEL  coooerererrmommmrem i, 77
§ 1 Classification of Animals B3I -rrevrerrrrmmmmmmmmmiii e 77
§ 2 The Organization of the Animal Body and Homeostasis

TR ZH N SR IERREE - rvvvvrrrrerrrer et e 79
§ 3 Circutatory Systems fEIRZELE  «+oorreremrrrrrereees e 80
§ 4 Respiratory Systems WEHR ZRBE oovevnremensmremnnen e 81
§ 5 Nutrition and Digestion BIRGTEAL -orevrereerrre 82
§ 6 Urinary Systems JSFRZRHE «oooovveereeomnerrmmmmiiitii e, 8
§ 7 Endocrine System  PIZFIBZRIE  «+oooorerreeeeesirnreies i, 83
§ 8 Nervous System  FHZRZRLE «-vvvveeesesrneressssissts e 84
§ 9 Sensing Systems JRAHLZRGE ooeoereeerrne e 86
§ 10 Movement System JBEFZRHE --++roovvreererneissrreei 87
§ 11 Reproduction Systems EFZRLE -vveeovvererorrmmmsiemmniieaii e 88
§ 12 Animal Development ZHAJE T - eereerrerrrreesmsiiteemeniitee 89
§ 13 Animal Behavior FHPIFTH roeroorerrrrererrme e 90
§ 14 Animal Tmmune B R -+ -voereeeorrrrrrrre e ")
The Plant Kindom AEHJTHEFL «+ccveererreeermmmnii i, 112
§ 1 Evolutionary Trends in Plants ﬁ%ﬁ’h&ﬂﬁé% ................................. 112
§ 2 The Structure of Land Plants [ HIMIHIZERT -overemervrrmeemssinnnesinnnens 113
§ 3 Plant Nutrition AHIEFE «veeeeerorrermmmr 114
§ 4 Plant Reproduction and Development HHYHEFHSREF ---oooeeeeerrreemeees 115
§ 5 Plant Response to the Environment FHY X IR FLRL ---vvvvveeemeeerremneees 117
The Microbe World MR oo oeveermmme e 123
§ 1 VIFUSES JREE +oooreeesrrnensnsmmannseinesiiti e 123
§ 2 The Kingdom Monera  JEAZAEH] --verveereereresemesmnnnmenis 125
§ 3 The Kingdom Protista JFAEAEH +voreeereereremmmmesennini 129
§4 The Fungi FLRE «-eeoovveererrrsrmmrrmnmmnttme sttt 130



Unit 8 Biotechnology AT AR e 137

Unit 9 Environment, Survival, and Health PR35 A7 {8 - orerervvnenns 149
§ 1 Environmental Problems FfIE[AJRT coocereveeeriniieniien, 149
§ 2 Cancer—a Biological Problem fI{J8 — AN e 151
§3 Health BUAMEEE «oorrereerinmmmmmmti e 156
Appendix 1 General Glossary BFAITCFE e i61
Appendix 2 Abbreviation ZEE --e-eeveesesereessiin e 182
Appendix 3 Periodic Table of the Elements and Atomic Weights
FEEFBIERTTTR o corrrerrrrer e 207
Appendix 4 Some Measurements Used in Biology 4258 FE RN --oooeee 208
Appendix 5 Particle Size, DNA Size, and Genome Scales
HRE /N DINA F/NFIFEPZL AN coeerrrrrermmmmiin, 209
Appendix 6 The Genetic Codes and amino acids B ZHEMERER oo 210
Appendix 7 Common Conversions in the Molecular Biology
IS FHMPE B TR vvvreereeerri 211
Appendix 8 Acids, Bases, and pH Ranges B2 B X {14 pHAEE -ooooeeeeeee 212
Appendix 9 Nomogram for Conversion of Relative Centrifugal Force
to Rotor Speed #FHZ FEHMBLLAMBR ooovveereneneen 213
Appendix 10 The Geography of Human Genome AZSEPFARY ----oooovvveeeeer 214
Appendix 11 Differentiation of Blood Cells, and the Mechanisms of Apoptosis
T 20 54 2 B P T R LT oo e emeeemiiiiin e 219
Appendix 12 Signal Transduction fEEf55 roorrrerrrmmrmm, 220
Appendix 13 Action of Calcium, Growth Factors, and Protein Kinases
BE KB FRE L BABREGVER] -vereremerremeererenseeneneenneeneenn 221
Appendix 14 Heat Shock/Stress Proteins RSB H/RIBEE rooreerreeroeeee 222
References SEPTH oereerreereremmmmmmmim 273



Unit 1

In nature, you can see trees, bushes, grass and moss. You may also see honeybees flitting from flower to flow-
er, earthworms or their winding tracks at the edges of a small pond, a spider spinning its web, glistening mushrooms
in grass or beneath a bush. If you listen carefully, you may hear creatures you don’t see: insects humming, birds
calling in the distance, perhaps a frog croaking. But these are only the obvious organisms. Countless tiny ones,
most too small to be seen with the naked eye, swim in the puddles left by last night’s rain. A whole community of
microscopic living things thrive in the soil. And living on, in and around all these organisms, and the humans ob-

serving them, are billions of bacteria

billions of years.

Life on Earth

Levels of Organization of Matter on Earth

Subatomic
Particle

Atom

Molecule
Organelle
Cell

Tissue

Organ

Organ
System

Multicellular
Organism

Species

Population

Community

Ecosystem

Biosphere

Particles that make up an atom

The smallest part of an element that retains the properties of that element

A combination of atoms
A structure within a cell that performs a specific function

The smallest unit of life

A group of similar cells that perform
a specific function

A structure within an organism
usually composed of several tissue
types that form a functional unit

Two or more organs working
together in the execution of
a specific bodily function

An individual living thing composed of many cells

Very similar, potentially interbreeding
organisms

Members of one species inhabiting

the same area

Two or more populations of different
species living and interacting in the
same area

A community together with its
nonliving surroundings

That part of Earth inhabited
by living organisms; includes both
the living and nonliving components

simple, single — celled organisms that have survived nearly unchanged for



The Characteristics of Living Things

Life is a fundamentally intangible quality that defies any simple definition. We can, however, describe some of
the characteristics of living things that, taken together, are not shared by nonliving objects. These characteristics
are as follows.

1. Living things have a complex, organized structure based on organic (carbon — based) molecules.

Even the tiny waterflea contains dozens of different elements linked together in thousands of specific combina-
tions that are further organized into ever larger and more complex assemblies to forn structures such as eyes, legs,
a digestive tract, and a brain.

Life on earth is composed of a hierarchy of structures, with each level of the hierarchy based on the level below
it and providing the foundation for the one above it.

All of life is built on a chemical foundation, based on elements, each of which is a unique type of matter, at-
oms may combine in specific ways to form assemblies called molecules.

Although many simple molecules form spontaneously, extremely large and complex molecules are manufactured
only by living things. The bodies of living things are composed primarily of complex molecules. The molecules of
life, which are based on carbon, are called organic molecules.

All the organ systems functioning cooperatively make up an individual living thing, the organism.

2. Living things acquire materials and energy from their environment and convert them into different forms.

Organisms need materials and energy to maintain their high level of complexity and organization, to grow, and
to reproduce. The atoms and molecules of which all organisms are made may be acquired from the air, water, soil or
from other living things. Organisms extract these materials, called nutrients, from the environment and incorporate
them into the molecules of their own bodies. The sum total of all the chemical reactions needed to sustain life is
called metabolism.

3. Living things actively maintain their complex structure and their internal environment, a process called ho-
meostasis.

Maintaining homeostasis is accomplished by a variety of automatic mechanisms; in the case of temperature reg-
ulation these include sweating during hot weather, metabolizing more food when it’s cold, and behaviors such as
basking in the sun or even (for modemn humans) adjusting the thermostat in the room.

4. Growth is a property of all living organisms.

At some time in its life cycle, every living thing becomes larger, that is, it grows. This feature is obvious for
plants, birds, and animals, all of which start out very small and undergo tremendous growth during their lives.
Even single — celled bacteria are small when they are first formed and grow to about double their orginal size before
they divide. In all cases, growth involves the conversion of materials acquired from the environment into the specific
molecules of the organism’s own body.

5. Living things respond to stimuli from their environment.

Living organisms perceive and respond to stumuli in their intemnal and external environments. Animals have
evolved elaborate sensory organs and muscular systems that allow them to detect and respond to light, sound, chemi-
cals, and many other stimuli from their surroundings. Internal stimuli are perceived by receptors for stretch, pain,
and various chemicals.

6. Living things reproduce themselves, using a molecular blueprint called DNA.

The continuity of life occurs because organisms reproduce, giving rise to offspring of the same type. The pro-
cesses for producing offspring are varied, but as a result, the perpetuation of the parents’ genetic material is the
same. The diversity of life occurs in part because the offspring, though arising from the genetic material provided by

.2 .



the parents, are usually somewhat different from their parents.

7. DNA is the molecule of heredity.

When an organism reproduces, it passes a copy a its DNA to its offspring. The accuracy of the DNA copying
process is astonishingly high but chance accidents to the genetic material also bring about changes in the DNA. The
occasional errors and accidental changes, called mutations, are crucial. Without mutations, all life forms might be
identical .

8. Living things, taken as a whole, have the capacity to evolve.

Although the genetic makeup of a single organism remains essentially the same over its lifetime, the genetic
composition of a species as a whole changes over many lifetimes. Over time, mutations and variable offspring pro-
vide diversity in genetic material of species. In other words, the species evolves. The most important force in evolu-
tion is natural selection, the process by which organisms with adaptive traits survive and reproduce more successfully
than to others that lack those traits. The adaptive traits arising from genetic mutation that enhance survival are there-

by passed on to the next generation.

The Diversity of Life

Although all living things share the general characteristics, evolution has brought forth an amazing variety of
life forms. Living organisms can be grouped into five major categories, called kingdoms: Monera, Protista, Fungi,
Plantae, and Animalia. Some features used to classify organisms into kingdoms are type of cell the organism posses-
ses, the number of cells in each organism, and the mode of acquiring energy.

Biology: The science of life

Biology is based on the scientific principles of natural causality, uniformity in space and time, and common
perception. These principles are assumptions that can not be directly proved but that are validated by experience.
Knowledge in biology is acquired through the application of the scientific method. First, on observation is made.
Then a hypothesis is formulated that suggests a natural cause for the observation. The hypothesis is used to predict
the outcome of further observations or experiments. A conclusion is then drawn about the validity of the hypothesis.
A hypothesis becomes a scientific theory when repeated tests have confirmed it and none have refuted it.

Biology was coined by Lamarck in 1802. The branch of science dealing with properties and interactions of
physico — chemical systems of sufficient complexity for the term living (or ‘dead’) to be applied. These are usually
cellular or acellular in organization; but since viruses share some of the same properties and are parasitic, they are

regarded as biological systems but not usually as organisms.



Glossary and Explanation

community | komjumiti ] F¥7%
all the populations of different kinds of organisms living in the place

hierarchy [ haioraki] B2 R 50
a ranking syslem

homeostasis [ houmia'steisis | R E
the maintenance of relatively constant environment required for optimal functioning of cells or organisms, main-
tained by the coordinated activity of numerous regulatory mechanisms, including the respiratory, endocrine,
circulatory, and excretory systems.

stimulus [ ‘stimjulos] (pl) stimuli [ ‘stimjulai ] F#E(4))
something in the environment detected by a receptor

receptor | ri'septo] SZ4&, JBAZ 2R
(1)a cell that responds to an environmental stimulus (chemical, sound, light, pH, etc) by changing its elec-
trical potential; (2)a protein molecule in a cell membrane that binds to another molecule (hormone, neuro-
transmitter) triggering metabolic or electrical changes in a cell

offspring [ ofisprin] J5 1Y
child, children; young of animals

perpetuation [ po,petfu’eif n] JKFF,FF8E
causing (sth) to continue

diversity [ dai'vaisati] LM
vanety

heredity [ hi'rediti] 5%
tendency of living things to pass their characteristics on to offspring etc.

mutation [ mju(: ) teifon] Z4F
in the broad sense, any discontinuous change in the genetic constitution of an organism. In the narrow sense,
the word usually refers to a ” point mutation”, a change along a very narrow portion of the nucleic acid se-
quence

evolution [ i:volju;fen] ¥4k
gradual development of the characteristics of plants and animals over many generations, esp. the development
of more complicated forms from earlier, simpler forms

natural selection [ nzt/oral silekfon] B RIEHE
the unequal survival and reproduction of organisms due to environmental forces, resulting in the preservation of
favorable adaptation. Usually, natural selection refers specifically to differential survival and reproduction
based on genetic differences among individuals

kingdom [ kindom] 3 ()9 A
the broadest taxonomic category consisting of phyla or divisions. We recognize five kingdoms in this text: Mon-
era, Protista, Fungi, Plantae, and Animalia

Monera [ mo'nin] EEAEYF
a taxonomic kingdom consisting of unicellular prokaryotic organisms, including bacteria, archaebacteria, and
cyanobacteria

Protista [ proutiste] JRAEAY A
a taxonomic kingdom including unicellular, eukaryotic organisms

.4 -



fungus [ fangos] (pl) fungi [ fangai] B
any of various types of life growing on plants or decaying matter
Plantae [ pleeniti ] YR
kingdom comprising eukaryotic organisms (mostly autotrophs) usually with an embryonic stage and clearly de-
fined cellulose-containing cell walls
Animalia [ #no'meiljo ] A
animal kingdom containing those heterotrophic eukaryotes lacking cell wall material and having a blastula stage
in their development
natural causality [ natforol kozeliti] HRIEE
the scientific principle that natural events occur as a result of preceding natural causes
uniformity [ junifomiti | 344
in ecology, the tendency of the component species of an association to be evenly distributed within it
perception [ po'seplon ] HI'HE

the mental interpretation of physical sensation produced by stimuli



Unit 2

From Molecules to Cells

In the world, all matter, including the living things and the non — living things, is composed of molecules.

§ 1 Matter

Matter is the physical material of the universe. Energy is the capacity to do work. Energy can exist in several

forms that may be converted from one to another. The two major forms of energy are kinetic energy and potential en-

ergy .
The Structure of Matter

An element is a substance that can neither be broken down nor converted to different substances by ordinary
chemical means. The smallest possible particle of an element is the atom, which is itself composed of a central nu-
cleus containing protons and neutrons and outer electron shells. All atoms of a given element have the same number
of protons, which is different from the number found in the atoms of any other element.

A compound is a substance composed of precise proportion of two more elements, joined together in a specific
geometric pattem. Water, for example, consists of one part oxygen and two parts hydrogen in a precise arrange-
ment .

A mixture is composed of two or more compounds or elements in variable proportions. For example, a can of
soda is a mixture that contains, among other things, water, sugar and variable amounts of carbon dioxide, depend-
ing on how long ago you popped open the top.

Table 1 shows the main elements in the living organisms. In comparison with the elements exsiting in nature,

it can be suggested that the elements in the living things are from nature.

Biological Molecule Bonding

Chemical bonds: Joining atoms to make molecules

Atoms combine together to form molecules by chemical bonds. There are two principal types of chemical
bonds. called ionic anci covalent bonds. When one atom fills its outer. Most shell by acquiring electrons while an-
other atom empties its shell by losing electrons, the results are negatively and positively charged particles called
jons. Ionic bonds are electrical attractions between charged ions, holding them together in crystals.

Covalent bonds involve the sharing of electrons by two atoms, in which neither atom completely gains or loses
an electron. In a nonpolar covalent bond, the two atoms share electrons equally. In a polar covalent bond, one atom
may attract the electron more strongly than the other atom does; in this case, the strongly attracting atom bears a
slightly negative charge, and the weakly attracting atom bears a slightly positive charge. Some polar covalent bonds
give rise to hydrogen bonding, which is the attraction between charged regions of individual polar covalent bonds
give rise to hydrogen bonding, which is the attraction between charged regions of individual polar molecules or dis-

tant parts of a large polar molecule.
. 6 .



Table 2 summarizes bonding pattemns and functions of biological molecules. The atoms in most biological mole-
cules are joined by covalent bonds. Hydrogen, carbon, oxygen, nitrogen, phosphorus, and sulfur are the most com-
mon atoms found in biological molecules. Except for hydrogen, each of these atoms lacks twop or more electrons 1o
fill its outermost electron shell and can share electrons with two or more other atoms. Hydrogen can share electrons
with two or more other atoms. Hydrogen can form a covalent bond with ene other atom, oxygen and sulfur with two,
nitrogen with three, and phosphorus and carbon with up to four other atoms. This diversity of bonding arrangements

permits biological molecules to be constructed in almost infinite variety and complexity.

Table 1 Common Elements Important in Living Organisms

Atomic Percent in Percent in Percent in
Element Symbol number universe earth hkl:(r:éa "
- o y
Hydrogen H | 91 0.14 9.5
Helium He 2 9 Trace Trace
Carbon C 6 0.02 0.03 18.5
Nitrogen N 7 0.04 Trace 3.3
Oxygen 0 8 0.06 47 65
Sodium Na 11 Trace 2.8 0.2
Magnesium Mg 12 Trace 2.1 0.1
Phosphorus P 15 Trace 0.07 1
Sulfur N] 16 Trace 0.03 0.3
Chlorine Ql 17 Trace 0.01 0.2
Potassium K- 19 Trace 2.6 0.4
Calcium Ca 20 Trace 3.6 1.5
Iron Fe 26 Trace 5 Trace
Table 2 Binding Patterns of Biological Molecules
Atom miiga:lletztzfn Electrons in coljalllg:ge lr);rfds
shell outer shell usually formed
Hydrogen 2 1 1
Carbon 8 4 4
Nitrogen 8 5 3
Oxygen 8 6 2
Phosphorus & 5 5
Sulfur 8 6 2

The organic molecules are the molecules which are composed of carbon and hydrogen. Most organic molecules
are large with complex structures. Inorganic molecules include carbon dioxide and all molecules without carbon.

It’ s usually said that organic molecules comprise living organisms. However, many inorganic molecules are im-
portant to living organisms, including, for instance, minerals in the soil and carbon dioxide in the air which are the
raw materials that plants use to construct their bodies. One inorganic molecule, however, is extraordinarily abundant

on Earth, has unusual properties, and is so essential to life that it merits special consideration. That molecule is

water.



Water and Life

Properties of the water molecule that are important to the processes that occur within living organisms include
its ability to dissolve many polar and charged substances. To force nonpolar substances to assume certain types of
physical organization, to participate in chemical reactions, to maintain fairly stable temperatures in the face of wide

temperature fluctuations in the environment, and to cohere to itself.

§ 2 Nucleic Acids

Nucleic acid molecules are chains of nucleotides. Each nucleotide is composed of a phosphate group, a sugar
group, and a nitrogen — containing base. Two types of nucleic acids are deoxyribonucleic acid (DNA) and ribonu-
cleic acid (RNA). Other nucleotides include intracellular messengers (cAMP, cGMP), energy — carrier molecule
(ATP), and coenzymes.

Nucleic acids are long chains composed of nucleotides. All nucleotides have a three — part structure: a five —
carbon sugar (ribose of deoxyribose), a phosphate group, and a nitrogen — containing base that differs among nucle-

otides .

DNA

Deoxyribose nucleotides form chains millions of units long called deoxyribonucleic acid or DNA. DNA is found
in the chromosomes of all living things, and its sequence of nucleotides spells out the genetic information needed to
construct the proteins of each organism. DNA is composed of just four kinds of subunits, called nucleotides, strung
together in a long chain. Each nucleotide consists of three paris: a phosphate group; deoxyribose, a five ~ carbon
sugar; and a nitrogen — containing base.

Biochemists have assigned numbers to the carbon and nitrogen atoms that make up the skeletons of the sugar
and the base (the numbers for the sugar are given as 1’ [ ”one prime” ], 2°, etc., to distinguish them from the
numbers for the base) .

The four different DNA nucleotides have the same phosphate and sugar but different bases. The bases come in
two types: pyrimidines, thymine (abbreviated T) and cytosine (C), which consist of a single ring; and the two -
ringed purines, adenine (A) and guanine (G):

In a single strand of DNA, the phosphate group of one nucleotide bonds to the sugar of another. This arrange-
ment forms a long strand consisting of a ”backbone” of sugars and phosphates, with the bases protruding from the
backbone. Four features summarize the molecular architecture of DNA. The DNA molecule is (1) a double -
stranded helix, (2) of uniform diameter, (3) that twists to the right (that is, twists in the same direction as the
threads on most screws) , and (4) with the two strands running in opposite directions. The sugar ~ phosphate back-
bones of the polynucleotide chains coil around the outside of the helix, and the nitrogenous bases point toward the
center. The two chains are held together by hydrogen bonding between specifically paired bases.

Consistent with Chargaft”’s studies, adenine (A) pairs with thymine (T) by forming two hydrogen bonds, and
guanine (G) pairs with cytosine (C) by forming three hydrogen bonds. Every base pair consists of one purine (A or
G) and one pyrimidine (C or T). Because the AT and GC pairs, like rungs of a ladder, are of equal length and fit
identically into the double helix, the diameter of the helix is uniform. The center of the molecule is stabilized by hy-
drophobic interactions, contributing to the overall stability of the double helix.

What does it mean to say that the two DNA strands run in opposite directions? The direction of a polynucleotide
can be defined by looking at the linkages between adjacent nucleotides. In the sugar — phosphate backbone of DNA,
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the phosphate groups connect to the 3’ carbon of one deoxyribose, ribose molecule and the 5° carbon of the next,
linking successive sugars together. The prime () designates the position of a carbon atom in the 5 - carbon sugar,

deoxyribose, in each nucleotide in DNA.

RNA

Chains of ribose nucleotides, called ribonucleic acid, or RNA, are copied from the central repository of DNA
in the nucleus of each cell. RNA carries DNA’s genetic code into the cytoplasm and directs the synthesis of pro-
teins.

All RNA molecules are synthesized using molecules of DNA as a template. As we saw earlier in this chapter,
RNA nucleotides are chemically very similar to DNA nucleotides. Because the two ”languages” are so much alike,
RNA synthesis has been named transcription, meaning "the process of copying over.”

RNA is similar to DNA but differs in three respects: (1) RNA is usually single stranded; (2) RNA has a dif-
ferent type of sugar in its backbone - ribose instead of deoxyribose; and (3) the base thymine in DNA is replaced by
uracil in RNA .

Base in DNA Base in RNA
adenine uracil
cytosine guanine
guanine cytosine
thymine adenine

According to RNA function, RNA can be divided into three classes.

mRNA: Messenger RNA (mRNA) carries the code for the amino acid sequences of proteins from the genes in
DNA to the ribosomes, the actual sites of protein synthesis. In contrast, ribosomal RNA (tRNA) and transfer RNA
(tRNA) do not carry information to be translated into protein. Instead, these RNA molecules are the final products
of certain genes and thus are an exception to the generalization that genes code for proteins.

Messenger RNA is a long, single — stranded molecule that includes the codons that will be translated into the
amino acid sequence of a protein. In prokaryotes, mRNA is directly transcribed from the DNA of a gene, and trans-
lation into proteins often begins even before transcription is complete. In eukaryotes, things are a bit more compli-
cated because the RNA transcribed from DNA contains more nucleotides than will ultimately be translated into pro-
tein. We will examine the formation of eukaryotic mRNA in more detail a bit later in this chapter.

In eukaryotic cells mRNA molecules are synthesized in the nucleus and enter the cytoplasm through the pores
in the nuclear envelope. In the cytoplasm, mRNA binds to ribosomes, where the codons of mRNA are translated in-
to the language of amino acids in proteins. You might think of mRNA as a ”melecular photocopy” of the DNA of the
gene. The gene itself remains safely stored in the nucleus, like a valuable document in a library, while copies are
sent 1o the cytoplasm to be used in protein synthesis. _

rRNA : Ribosomes are composites of ribosomal RNA and a variety of proteins. Each rixbosome is composed of
two subunits. In eukaryotic cells, the small subunit consists of ene molecule of tRNA and about 30 proteins. It rec-
ognizes and binds mRNA and part of tRNA. The large ribosomal subunit consists of three rRNA molecules, that is,
23s tRNA, 18s rRNA and 5s rRNA. \

tRNA : Transfer RNA molecules bind amino acids and deliver them to the ribosome, where they are incorporat-
ed into a protein chain. A tRNA molecule is small, consisting of only about 75 to 80 nucleotides. At the 3" end of
every tRNA molecule 1s a site to which the amino acid attaches. At about the midpoint is a group of three bases,
called the anticodon, that constitutes the point of contact with mRNA. At contact, the tRNA and mRNA are antipa-
rallel to each other. Each tRNA species has a unique anticodon, allowing it to unite by complemeniary base pairing
with a particular condon. Complementary base pairing is what enables translation to be so specific.
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