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PREFACE

Biology the Easy Way presents an up-to-date account of the principles and con-
cepts of modern biology. Over the past four decades there has been an explosion
of knowledge in the biological sci which has lutionized our way of
thinking and doing in terms of the environments of the world and the plants and
animals that live therein. As a consequence of the many new discoveries in biol-
ogy, some of the traditional beliefs have been discarded, others have been modi-
fied, and much new material has been added to replace the invalid theories of old.
A direct result of the increase in biological knowledge has been the i in
size and weight of the modern biology textbook. Although all of the newer knowl-
edge in biology cannot be contained under one cover, the standard high school
and college biology texts have b 1 of sul ial weight and cost.

Biology the Easy Way was prepared with the reader in mind. Although it con-
tains the important information of modern biclogy, the writing is concise. The
content material is presented clearly in language that is easy to read and to un-
dmtand Thc clanty of language sem:s 10 make d.lﬂ‘:‘:ult cnncr:pls more under-

is b I , biology has
its special vocabulary that is essential for descnptmn The words new to the
reader are presented in boldface, clearly defined and used appropriately in the
text material. The overall quality of the writing in Biology the Easy Way is lively,
modern, and interesting.

Biolagy the Easy Way is divided into 18 chapters. Each of these chapters rep-
resents an area of specialization in the field of biology. For each such area mod-
ern principles of h:ology art presented in an appealmg way for the reader. In each
chapter, the content d is p ] by full placod line drawings
of the organi organs, s, OF | under d Wherever
possible, summary materal has been pn:scutu‘l in tabular form, providing a quick
means of study and review of a given topic.

Each chapter in Biology the Easy Way provides special study aids that are de-
signed to enh the learning and unds ding of the biological principles or
concepts under study. Because scientific discovery and invention cannot be di-
vorced from the history of human life on Earth, a “Chronology of Famous Names
in Biology™ has been included at the end of each chapter. Men and women scien-
tists representing all countries, races, and religions are included in the ck logy.
The contributors mentioned range in time from the ancient Greek philosopher-
scientists to modern day investigators, For each name the approximate date of the
discovery or invention, the country where work was done, and a brief summary

xi
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PREFACE

of the accomplish is given. “Ci ing Through Chapter Review" is the in-
clusive title of the end of chapter materials that provide summary-review activi-
ties developed to connect the reader to the biology topic under study. The “Word-
Study C ion™ lists the bulary of the chapter. The reader is encouraged
to review and learn the meaning of each term. The “Self-Test Connection™ in-
cludes 30 questions or more in three types of short-answer tests that are designed
to assess the reader’s grasp of some of the important facts and concepts in biol-
ogy. Answer keys are provided to assist with self-evaluation. “Connecting to Con-
cepts” provides open-ended questions to encourage the reader to think about and
discuss concepts appearing in the chapter, “Connecting 1o Life/Job Skills” invites
the reader to extend the biology information just learned into the living commu-
nity through life skills and career information. Using reference materials in li-
brary media centers or gathering information by way of a personal compuler are
skills that are useful for life. Leaming about careers related to biology expands
one’s knowledge of the kinds of opportunities available for education beyond high
school and the need for science-trained persons in the everyday world of work,
This section also invites you to look at the biological events taking place in your
community and to assess the effects of environmental conditions,

By reading the Table of Contents you can see the range of topics that is in-
cluded in this text. By design, Biology the Easy Way is versatile, having appeal
and use for students in secondary school through first year college and also 1o
adults who are not in school but who desire to learn some modern biology. A
chapter may be read in its entirety or in parts. The information is presented so that
one can skim or read deeply. The index provides topic-page information.

The principle aim of Biofogy the Easy Way has been to present the facts of
biology as they are known today in such a way that the curiosity and interest of
the reader is aroused.

Gabrielle 1. Edwards



HOW TO USE THIS BOOK

Bmfogy ;.‘re Easy Way presents the principles and concepts of biology in easy-to-
language using ill ions that simplify the text material further. To
get the most in study help from Biology the Easy Way, however, yon must use it
elficiently.
Outlined below are procedures for self-study that will enable you to learn the
content of biology efficiently and easily.

1. SET GOALS AND OBJECTIVES

As you begin the study of biology, you must set personal goals to chart and direct

your Jearning objectives. A goal is something that you wish to achieve over a pe-

ried of time. Objectives are short-term targets that help you reach a particular

goal. For example, let us suppose that your goal is to learn the ideas of biology so

well that your test scores reflect mastery. You can reach this goal by establishing

abjectives that will enable you to be successful. These objectives may center

around the conditions for study. Therefore:

+  Establish a set time for study.

+  Find a place that is conducive (helpful) for study: a comfortable place, but
one in which you can remain alert.

= Gather together the materals for study: Biology the Easy Way, dictionary,
notebook, pens, pencils,

+  Develop a study plan that will direct your course of study.

*  Develop a system for note-taking,

+  Leam how to use the features of this book that will help vou learn.

2. FOCUS

Begin with Chapter 1. Read the chapter opener to learn what the chapter will
cover. Look through the entire chapter by scanning each page as you tum to it
Note especially terms in boldface type. Look at the illustrations and read their
captions. Scan the “Word-Study Connection” list. Look over the “Self-Test Con-
nection” questions at the end of the chapter. This procedure will help you develop
o mindset for the material that you are about 10 leamn. Avoid distractions, Turn off
the radio, television, and CD player. Be aware also that you cannol talk on the
telephone and study at the same time.

3. READ

Begin to read the chapter, Read slowly. At times you may wish to read aloud. You
may also have to read a selection several times in order to grasp the meaning. Be pa-
tient. Read with decp concentration. Read only about four pages at a time, stopping




xiv. HOW TO USE THIS BOOK

at some logical place. For example. in Chapter | read the first three and two-thirds
pages, stopping at “The Work of the Modern Biologist” Review what you have
just read by skimming through the material again and by looking for familiar
terms in the word list. Now complete the reading of the chapter. Review by skim-
ming. Study the illustrations in detail.

4. THINK

Think about the chapler mat The Word-Study Connection list at the end of
the chapter will belp you. For cach word, follow this study tip: (1) Write down the
word. (2) Now try 10 write its meaning. Do not attempt to memorize definitions;
they are casily forgatten. Learn new vocabulary i ways that are understandable
1o you. (3) Try to gain the mea of words new to you from the sentences in
which they are written. Think about the material you hove read so that it becomes
meaningful o you.

5. REVIEW

When you have finished reading and taking notes on the chapter material, turn
your attention to the review section titled “Connecting Through Chapter Review.”
Begin with Part A of the Self-Test Connection. Read each question carefully, and
write down the answer, Now check your answers with the answer key. For wrong
answers, locate the appropriate material in the chapter text and review. Repeat this
procedure for Parts B and C.

6. CONNECT

Making connections between your study of biology and the world around you is
important 1o the quality of vour life. Making these connections will not only
strengthen your understznding of the science but will also enable you to apply
your knowledge of biology. Bivlugy the Eaxy Bay connects past discoveries to
current information made pessible by technology. The section “Connecting
Life/Job Skills™ guides you in developing skills useful in daily life and in the
world of work. You can moke conr 15 1o the history of biology by perusing
the “Chronology of Famous Names in Biology™ at the end of each chapter.

Using Bivdogy the Eaxy Hay efficiently will yield learming dividends,



cHAPTER 1

BIOLOGY: THE SCIENCE
OF LIFE

In this chapter you will learn how the science of biology began and how mod-
ern biologists gather information.

The Science of Biology
LEARNING ABOUT LIFE

Seience investigates the forces that affect the Earth and its people. Through ob-
servation and experimentation, scientists strive 1o solve the tricky puzzles that
hide the causes of events that shape the world. The work of modern science has
changed the world remarkably with new and important discoveries in arcas such
as communication, travel, agriculture, and medicine, How scientists do their work
will be discussed in this chapter and in chapters to follow. Biology is the science
that studies life and fiving things, inchuding the laws that govern the events of life.

Every type of life from the smallest microscopic living particle to the largest
and most imposing plant and animal species is included in the study of biology.
Biological study covers all that is known about any plant, animal, microbe, or
other living thing of the past or present.

As defined above, biology is the science of fife and living things. Biology is
a natural science. It is the study of individual life forms within the world of life
known as patre. It is the science of fishes and fireflics, grasses and grasshop-
pers, humans and mushrooms, flowers and sea stars, worms and maolds. 1t is the
study of life on top of the highest mountain and at the bottom of the deepest sca.

Biology is the accumulated knowledge about all living things and the princi-
ples and laws that govern life. Whole living things are called organisms. Organ-
isms too small 10 be seen by the unaided eye are termed microorganisms or
microbes.
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Those who specialize in biology are known as biologists or namralists, and
it is through their observations of nature and natural events that the great ideas of
biology have been born.

BIRTH OF BIOLOGY

The object of scientific study is 10 find the truth. So it was and still is that human
beings have sought the truth about the nature of life. We cannot fully appreciate
the present without knowing what has occurred in the past. The birth of biology
as a bona fide science was slow and painful, taking place over many centuries.
Study Table 1.1 below, and notice the fength of time in centuries over which the
ancient Greek naturalists studied and wrote about plants and animals. Now note
in Table 1.2 on page 3 the number of centuries between Vesalius and Lamarck.
You can see that each discovery in biology took a very long time. Learning about
the historical development of the ideas of science provides a better understanding
of the process and methods of inquiry. Learning about the individuals who have
contributed to scientific knowledge increases our understanding of science and
society.

ANCIENT PEOPLE STUDY LIFE

The study of life is as old as humankind, dating back to ancient peoples who ob-
served and wondered about the characteristics of the animals and plants around
their limited sphere. The ancients used their observations to help them in such ac-
tivities as hunting, food gathering, and crop growing.
A great deal of credit is due to the ancient Greeks for having begun a sys-
tematic study of living things, including human beings. Table 1.1 provides a brief’
v of their achi

TABLE 1.1 Natural Science Achievements

of Ancient Greeks

Hippocrates Founded the first medical school, located on the Greek
(460-370 p.C.) island of Cos.
Aristotle Developed the first organized study of natural history;
(382-322 1) was a keen observer, writer, and illustrator of plants and

animals.
Theopk pecialized in the ized study of plants; is called the
(380-287 nc) “ancient father of botany.”
Galen Became the unchallenged authority on 1y

(A.D. 130-200)

The rise of ancient science reached a peak and then declined sharply. For sev-
eral centuries interest and activity in scientific investigation waned, creating a void
in scientific discovery. This depressed period in which there was little or no inquiry
about nature and life is known historically as The Dark Ages; it lasted from A.D. 200
to 1200, During this time, books were scarce and authority was considered to be the
source of all knowledge. Observation was regarded as impious prying.
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REVIVAL OF LIFE STUDIES

The 14th century ushered in a revival of scientific thought and inquiry. Among
the reasons for the change in attitude were the invention of the printing press, the
wages of the expl the expansion of ideas brought on by the Crusades, and
the rise of universities. All of these things contributed to a return to the study of
nature and to the methods of science,
Some important contributions to the und ding of the laws of natural sci-
ence between the 16th and 19th centuries are listed in Table 1.2.

TABLE 1.2 Discoveries in Biology Between the
16th and 18th Centuries

Andreas Vesalius Studied the human body by dissection, ignoring
(1514-1564) the authority of Galen.

Marcello Malpighi Described the metamorphosis (body change)
(1628-1694) of the silkworm.

William Harvey Demonstrated the path of the blood in the
(1578-1667) human body.

Robert Hooke Discovered and named “cells” in cork.
(1635-1703)

Anton van Lecuwenhoek  Was the first person to see living cells.
(1632-1723)

Carolus Linnacus Devised the system of binomial nomenclature, that
(1707-1778) is, the genus/species naming of plants and animals.
George Cuvier Founded the study of comparative anatomy.
(1769-1832)

Jean Baptiste Lamarck Devised the word biology by putting together two
(1744-1829) Greek words: hios, meaning “life,” and Jogus,

meaning “study.”

Branches of Biology

Biology is an ive science. It includes many life science disciplines that
cover enormous areas of study and information. Based on biostatistical methods,
estimations indicate that the total number of living plant and animal species is prob-
ably about ten million. Biologists call each diff kind of ism a species.
{The word species is both singular, as in one species, and plural, as in /0 species).

Scientists agree that not all living species have been discovered and perhaps
only 15 percent of the total have been described. Biologists who specialize in the
study of ancient life believe that the number of extinct species may range between
15 and 16 million.

Investigators of the 18th and 19th centuries were faced with the enormous
task of trying to put some kind of order into the study of natural science. Thus,
work during these centuries involved sorting, identifying, naming, describing,
and classifying the large numbers of species that were being discovered. Biology
has been divided into arcas that allow for specialization of study. The various
hranches of biology are summarized in Table 1.3,
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TABLE 1.3 Branches of Biology

Branch Area of Study

Botany Plants and their life cycles

Zoology Animals and their life histories

Anatomy Body structure visible to the naked eye

Physiclogy Functions of body vrgans and systems

Embryology Embrvo development in plants and animals

Genetics Inheritance and variations in living organisms
Evolution Origins and relationships eamong living species
Ecology Environmental relationships among plants and animals

The use of technology to gather information about living species has led to
an explosion of data. Therefore the science of biology has become so extensive
that it has been necessary to divide the branches of biology summarized in Table
1.3 into areas of specialization. As you read this book, you will become
familiar with a number of other divisions of the biological sciences.

The Work of the Modern Biologist

Toward the end of the 20th century, new infectious diseases began to emerge.
Among these are HIV and AIDS, Lyme disease, Legfonnaires” disease, and Es-
cherichia coli infections. Infectious discases are caused by microorganisms
(germs) that enter the body and do it harm. In the Southwest, victims were re-
cently antacked by the fatal hanta virus, a respiratory disease carried by rodents.
Late in the summer of 1999, New York was hit with a fatal outbreak of West Nile
fever, an African strain of encephalitis {en-sef-a-litus) spread by mosquitoes,
which claimed seven lives, Now in the 21st century, public health scientists are
alarmed by the rapid spread of heparitis C, malaria, and strains of drug-resistant
tubereulosis, which may infect 50 million people throughout the world.

Research biologists are faced with the monumental tasks of sorting out the
life histories of microorganisms that can cause serious epidemics and finding
ways to lessen their effects. Epidemiologists are scientists who track the path-
ways of disease outbreaks. They count and record reported cases of discases to
show patterns of occurrences. Research physicians and pharmacologists (sci-
entists who devise plans for medicines) muster every effort 1o develop vaccines
to prevent the spread of infectious diseases and amibiotics to cure infected per-
sons. Environmental seientists study the environment, secking ways to wipe out
populations of mosquitoes, rodents, ticks, and other carriers of diseases that af-
fect human populations.

Another kind of research biologist is the geneticist (jen-et-i-sist). These bi-
ologists specialize in the study of genes. Genes are the molecules (very small
chemical particles} of heredity that may provide natural immunity against certain
germs that cause discase. Genetic engineering uses microorganisms to make
genes produce chemical substances needed o proteet the body against infection,
Biochemists and biophysicists devote their efforts o technology, devising

Juip 1o di and treat di s and malfunctioning body organs.
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The work of the modern biologist is varied. Biologists apply their knowledge
in different ways. Some rescarchers work in private industry producing commer-
cial food products for today's consumer. Others apply their knowledge to forestry,
and some to agriculture. Still others specialize in the study of domestic animals.
There are research workers who concentrie on the nonliving environment, de-
veloping ways to maintain clean water and [resh air, Research scientists iry to
find answers to their guestions by working through the problem-solving steps of
the selentific method.

THE SCIENTIFIC METHOD AND PROBLEM SOLVING

Research scientists strive to unrmavel the secrets involved in specific sciemific
problems. For example, a biophysicist works to devise a method of measuring
particles too small to be distinguished by even the most powerful microscopes. A
biologist secks to find the cause of a newly occurring disease. A biochemist aims
to identify minute (mine-ute) quantities of a strange chemical in the lungs of a
deep-sea diver. A geologist atrempts to determine the age of a certain rock for-
mation. These scientists have identified problems for which they seck solutions.
The solutions to the problems depend on the orderliness of experimental approach
as outlined in the steps of the scientific method,

Steps in the Scientific Method

The first step in the scientific method is sbservation. Observation is the accurate
visual noting of an event or an object. The accuracy of an observation becomes
verified when a number of people who are not connected to cach other agree on
what they see in regard to the same object, event, or set of circumstances. For ex-
ample, early in the 16th century, Vesalius presented the first accurate description
of the arteries and veins in the human body. His drawings were based on first-
hand observations obtained through dissection of human bodies, Over a period of
400 years succeeding generations of anatomists have attested to the accuracy of
Vesalius' work. It must be noted, however, that although several trained observers
may agree on the same set of observations, the conclusions they draw from these
observations may differ. A conclusion is a judgment reached by reasoning. There-
fore, problem solving depends on other activities that enable the investigator 10
form conclusions based on accurate observations.

An observation becomes useful only in tenns of the conclusion that can be
drawn from it. A tentative conclusion drawn from a set of observations is known
as a fiypothesis. A hypothesis is a very general statement made to tie together
things observed prior to experimentation.

An experiment requires o set of procedures designed to provide data about a
well-thought-out problem. The purpose of an experiment is to answer a question
truthfully and accurately. A reliable experiment requires experimental conditions
and control procedures. A control is a check on a scientific experiment and dif-
fers from the experimental procedure in one condition only. An experiment is de-
signed to test a specific hypothesis,

A nontestable hypothesis is not usefil in problem solving because it does not
lend itself 10 experimental conditions. An example of a nontestable hypothesis
follows: blowflies think that meat is an exceilent site for egg laying. Because there
is no way to test the thought processes of a blowfly, the hypothesis is faulty.
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Redi’s Blowfly Experiment

A classical work ill ing the effectiveness of a well-designed experiment is
Redi'’s blowfly experiment. That living things arise from lifeless matter was a pop-
uL1r l?ﬂl cenlury belief known as mnunﬂms generation. In 1650, the ltalian

F Redi designed and performed an excellent experiment that
dlspmw:d the notion of spontaneous generation of blowflies from decaying meat:

In each of three jars, Redi placed the same kind and quantity of meat. The first jar
was left uncovered. The second jar was covered with a porous cheese cloth. The
third jar was covered with a parchment thick enough to prevent the odor of the meat
from diffusing to the air outside of the jar (Fig. 1.1). Flies laid their eggs on the meat
in the open jar and on the cheese cloth which covered the second jar. Eggs were not
laid on the parchment covering the third jar. Redi watched as the eggs hatched into
larvae {maggots) and observed the change of the larvac into adult flies. There were
neither maggots nor flies on the meat in the third jar.

On the basis of this experiment, Redi concluded that maggots or flies do not come
from decayed meat, but from the fertilized egps laid by the female fly.

Q o _ Gauze

Parchment

Fig. 1.1 Redi's blowfly experi Can you explain the results?

When an hypothesis is d by data obtained by experi ion, the
hypothesis becomes a theary. A I.henry that withstands the test of time and further
experimentation becomes a law or principle. A concept is a blanket idea covering
several related principles.

THE TOOLS OF THE BIOLOGIST

Problem solving by the modern biologist requires the use of some very special tools
and laboratory technigues. The scientific method is a major idea of biology upon
which all research is built. All research begins with observation, a behavior that re-
quires training, skill, and ion. To i the of observation, the
research biologist uses twols and techniques that will extend his or her vision and
other senses. Because human sensing ability is limited and variable and not really
reliable for seeing and recording fine and sometimes fleeting detail, modern scien-
tists make use of instruments and methods that enable them to perceive, measure,

and record data precisely. To perceive means to und d through sight.
M is a basic req of all h. An i igator must an-
ions concerning quantity, length, thick periods of time, mass,
\mght. and the like within a hair’s breadth of aocuracy Modemn instruments of
permit g degrees of i ision. Biometrics is the
science that combi h ics and statistics needed to deal with the facts and
figures of biology. Biologists handle bers that must be organized and

s:mpllﬁed.solhatﬂwylxmommeﬁll mlhcmmlymsofdnm Computers aid the
s probl Iving tasks by pting huge quantities of numerical data
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and making calculations at lightning speeds. The expression numerical data n.'.f'ers
to numbers, figures, and statistics used by scientists and obtained by £
The research biologist gets numerical data from using all kinds of measuring
instruments designed for remarkable precision. Weighing in micro quantities re-
quires the use of an analytical balance that is capable of weighing accurately to
infinitesimal fractions of micrograms, A microgram is a unit of measure indi-
cating one millionth (107%) of a gram. A gram is about lhe size of a green pea.
The manometer measures the uptake of gases involved in cellular respi
and pl h Spectroph 5 are able 1o measure differences in densi-
ties ol‘ fluids by color comparisons not seen by the human eve. Radioactivity is
located and measured by the Geiger counter, a machine structured to feed pulses
of electricity into an electronic counter. Scintillation counters measure light
flashes imperceptible to the eye, while ultraviolet rays are used to measure objects
thinner than onion membrane.

Separating Substances

Later in this book you will learn that most living things are built on microscopic
structures called cells.

Discovery in biology involves the ability to take apart the substances of eells
s0 that the secrets of their biochemical activities can be exposed The technique
of chromatography permits the biologist to small quantities
of a substance into its many parts. For enmple 17100,000 of a gram of protein
can be separated into its basic amino acid building blocks in one hour. Before the
discovery of chromatography, a scientist needed 100 grams of protein and one
year’s time in order 1o make this separation. As the name implies, chromatogra-
phy is “color writing," a technique that uses paper or a column of chalk as a sta-
tionary phase. The test sample, dissolved in a suitable solvent, is allowed to travel
up the paper or through the chalk column. The constituents of the sample settle
out at various levels as bands or dots of color (Fig. 1.2). Electrophoresis is a tech-
nique that uses electrical charges to separate the amino acids in proteins dotted on
specially treated glass plates (Fig. 1.3).

/G]B.\!i cover
ﬁ_\ Blue-green band.
N >\ Powdered chalk
(Stationary
phase) —
Separated - :’:lnl:l'
ﬂm'mé Gireen band
acids .
Original *
protein | * Yellow band
/Snlvent
Chromatographic chamber
Fig. 1.2 Paper chromatography of Fig. 1.3 Column chromatography of

a protein sample green plant pigments
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Taking Things Apart

Biologists learn about how living things are built {structure) and how they work
(function) by observation and measurement, by separating substances and ana-
Tyzing them, and also by taking things apart. The taking apart of a plant or animal

body is called di

. Medical

dissect

d. {dead bodies) to

learn the locations of body organs. Body organs are made up of rissues, Tissues
are composed of cells. Cells can be seen oniy through a microscope.

A biologist wishing to study the processes that go on in cells must take the
cells apart to separate the parts contained in the cell. {Look at the diagram of the
cell on page 31.) The parts that make up cells are called organelles. Using two
picces of equipment, a Mender and a centrifisge, the biologist is able to break open
cells and obtain the cell panis for study. In Chapter 3 you will learn more about

this technique.

Getting a Better Look at Small Things

In 1898 William Conrad Roentgen discovered X rays, that is, electromagnet radi-
ation of short wavelength that carries a large amount of energy. X rays are able to
pass through opaque (dense) body structures, such as bone, and form an image on
a photographic plate. The lengths of the various waves in the electromagnetic
spectrum are shown in Fig. 1.4,

A number of techniques and instruments have helped scientists see things
better. X-ray diffraction is a method by which X rays semt through a crystal show

the pattern of molecules and atoms ¢ d in the crystal, This technique was
High energy
Gamma rays
X rays
Ultraviclet light
Violet “
Indigo
Blue \“:-.,_
Range cf
Green }J,> .
Yellow p human vision
Orange
Red ’
Infrared light
- 1
Microwaves
) Fig. 1.4 Range of
Radio waves wavelengths in the elec-
tromagnetic spectrum.
Note the energy level of
Low energy the X rays.
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Ocular or ey

p

Body tube
Coarse adjustment

Fine adjustment
Arm
High power objective —-

Nose piece

Low power objective
Diaphragm

Stage

Condenser

Jjoint

Base

Fig. 1.5 Parts of the compound {light) microscope

used to determine the structure of the hereditary material DNA (deoxyribonucleic
acid).

To study normal body functions and to diagnose disease conditions, physi-
cians make use of scanning machines that produce computerized images of body
organs. These scanners detect infinitesimally small tumors and other tissue ab-
normalitics that escape imaging by dard X-ray techniques. Modern biologi
make use of the knowledge of chemistry and physics as well as the technology of
engineers to extend their senses and improve observation.

Magmification is the measure of how much a microscope can enlarge speci-
mens under view. The guality of 2 good microscope is based on its resolving
power, that is, its ability to distinguish two closely applied points. The resolving
power of the normal unaided human eye is 0.1 millimeter.

The best fight microscape is capable of magnifying objects 2,000 times (Fig.
1.5). When microscopists view & specimen through the light microscope, not only
are they interested in its shape and fine detail, but also they are concerned about
its size. The unit of measurement used for light microscopy is the micrometer
(um). In relationship to other measures, the micrometer is equal to one thousandth
{10°%) of & millimeter (mm); 1000 nanometers (nm); 10,000 Angstrom units (A),

When using the compound light microscope, the size of a specimen may be
estimated. On the low-power objective, the diameter of the field is indicated by a
number, usually 1.6 mm. This means that the diameter of the low-power field is
approximately 1600 gin. On the high-power objective, the diameter of the field is
usually indicated as 0.4 mm. so the diameter of the high-power field of vision is
400 g, one-fourth the length of the low-power field, Thus, ifa specimen is one-
half the diameter of the field under low power, it will be 1/2 of 1600 um, that is,
800 gm, This type of measurement is an estimate. See Fig, 1.6,

For more exacting measurements an ecular micrometer is used. An ocular
micrometer is a glass disk on which a micrometer scale is etched. The disk is in-
serted into the eyepiece (ocular) of the microscope. The scale on the ocular mi-
crometer has 100 equal divisions, which must be calibrated against the units on a
stage micrometer. This is done by supenimposing the scale of the ocular micro-
meter on the scale of the stage micrometer. Study Fig. 1.7, Notice that the 0 lines
on the ocular and stage micrometers coincide. Now notice the alignment between
line 20 of the ocular micrometer and the ninth line on the stage micrometer. Each
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(a) {b)

Fig. 1.6 (a) Diameter of the field of vision under the low power of
the light microscope. (b) Estimation of size.

division on the stage micrometer is equal to 10 gm. From 0 to line 20 on the oe-
ular micrometer is equivalent to eight spaces on the stage micrometer, Thus the
distance between 0 and 20 on the ocular micrometer is 80 ym. The ocular mi-
crometer is now calibrated against a standard and can be used to make more ac-
curate measurements of a specimen than are possible by estimation.

The phase contrast microscope makes transparent specimens visible, while the
darkfield microscope or the ultramicroscope gives greater clarity to transparent or-
ganisms such as the spirochetes that cause syphilis. The ultraviolet microscope is
used for photographing living bacteria and Iy f I

Most amazing of all is the electron microscope. 1t is capable of magnifying
objects more than 200,000 times. Using electrons instead of light and magnets in
place of lenses, the el i pe has lutionized the study of the cell
(Fig. 1.8). The ing electron mi pe has imp d upon the resolution of
the electron microscope. A fine probe directs and focuses electron beams aver the
material being studied. This makes possible quick scanning and gives finer detail
than is possible with the standard el

Electron source

Magnetic condenser lens
Specimen

Magnetic ohjective lens

Magnetic projector lens

Observation screen

Fig. 1.7  Calibration of the Fig. 1.8 A biologist uses the electron
ocular micrometer microscope
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The high-voltage electran microscope is a tremendous three-story structure
that outputs about 3 million electron volts, This enormous amount of energy pet-
mits specimens to be viewed without the thin slicing required by other electron mi-
croscopes. In addition, the high-voltage el microscope prod a three-di

ional micrograph (ph ph) not possible with other el i

P

Science and Technology

Mention has been made herein of only a small sampling of the kinds of tools and
technigues available to the modern biologist. There are also incubators for tem-
perature control, refrigerators for keeping things cool, autoanalyzers for separat-
ing and classifying the elements in the blood, automatic mixers and stirrers and
shakers, pH meters, autoclaves for sterilizing, timers and machines that measure

time to the fraction of a second.

Connecting Through Chapter Review
WORD-STUDY CONNECTION

analytical balance epidemiologist observation
anatomy evolution organism

biology Geiger counter pharmacologist
biometrics genetics physiology

botany gram resolving power
chromatography hypothesis science

concept infectious disease scientific method
conclusion magnification scintillation counter
controlled experiment manometer spectrophotometer
cytology microbe spontancous generation
ecology microgram theory

electron microscope microorganism X rays
clectrophoresis naturalist

embryology nature study

SELF-TEST CONNECTION

PART A. Completion. Write in the word that correctly completes each

statement.,

L. The science that specializes in the study of all life is ..1..

2, The ancient who founded the systemized study of natural history was 2.
3. The first person to study the dissected human body was 3.,

4. The word biology was coined by ..4..

5. In general, the world of life is known as 5.

6. Any individual living plant or animal is appropriately termed a (an) ..6..
7. Living things too small to be seen with the naked eye are called .7..
8. The study of plants and animals in their natural environment is known as the

science of 8.

o

of .9,

The name Galen is correctly associated with the founding of the science
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10. The circulation of blood in the human body was first demonstrated by .. 10..

11. A tentative conclusion based on observation is the .11,

12. Redi disproved the theory of ..12.. (2 words) of flies.

13, Laboratory specimens that cannot be seen by the naked eye can be studied by
using a light ..13..

14. The word species refers to each different kind of ..14..

15, A device used to Jocate and measure radioactivity is the ..15..

16. Figure 1.4 indicates that gamma rays, X rays, and ultraviolet light carry a
great deal of .. 16..

17. An ocular is an essential part of the ..17.. microscope.

18. The word micrograph is best associated with the ..18.. microscope.

19. X rays were discovered by ..19.,

20. The ability of a microscope to enlarge an image is called ..20..

PART B. Multiple Choice. Circle the letter of the item that correctly completes
each statement.

1. An example of a natural science is

(a} geology (e) physics
(b) bivlogy (d) chemistry

2. Theophrastus is known as the “ancient father of
(a) biology™ (e) bacteriology™
(b) botany™ (d) biometrics™

3. The “cells™ in cork were named by
(a) Hooke (c) Galen
(b) Plato {d} Tisellius

4. The study of comparative was founded by
(a) Malpighi (e} Harvey
(b} Lamarck {d) Cuvier

5. The system of bi ial 1 was developed by
(a) Lamarck {¢) Leeuwenhoek
(b) Linnacus (d) Lintel

6. The branch of biology that deals with function is
(a) zoology (c) physiology
(b} taxonomy (d) morphology

7. Included in the study of botany would be
(a) dandelions (¢) guppies
(b) sparrows (d) skates

8. Inheritance and variation in living things are explained by the science of
(a) ecology () paleontalogy
(b) genetics (d) taxonomnry

9. The study of animals and their life histories is known as
(a) ichthyology (c) anatomy
(b) herpetology (d) zoology

10. X-ray diffraction techniques were used to determine the structure of
(a) ATP {c) DNA
(by NAD (d) PGA

11. The science of development is called
(a) cytology {c) systernatics
(b} embryology {d) preridology

12, A check on an experiment is a (an)
(a) observation (¢) control

(b) theory (d} conclusion
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13, A blanket idea covering several related principles is called a
(a) theory (c) concept
(b} hypothesis {d) conclusion
14. A microgram or ils fraction can be weighed most accurately on a balance
known as a {an)
(a) analytical {e) triple beam
(b} spring (d) double platform
15. Respiratory gases can be measured by using a device called a {(an)
(1) celonmeter {c) barometer
(b} manometer (d) anemometer
16. The guality of a microscope is judged by its
(a) volumetric capacity {c) magnification power
(b} light strength (d) resolving power
17. A three-dimensional photograph of a specimen is made possible by the type
of microscope known as
(a) phase contrast {r) scanning electron
(b} high-volage electron () wltravioler

19,

20,

. A scientist who seeks to solve biological problems by applying the principles

of the scientific method is appropriately called a

(a) theoretical analyst (c) discase specialist

(b} technological engineer {d) research worker

The types of substances used to prevent disease are

(a) antidotes {€) hormones

() vaccines (d) antibiotics

Scientists who specialize in tracking the path of disease are
(a) botanists (c) chemists

(h) epidemiclogists (d) pathologists

PART C. Modified True-False. Il a statement is true, write “true™ for your an-

= Lok b

n

swer. If a statement is incorrect, change the underlined expression to
one that will make the statement true.

. The purpose of the scientific method is to devise sciemtific problems.
. Experimentation is the first step in the scientific method.
+ The 17th-century notion of spontancous peneration supported the belief that

decaying meat produces flies.

. Malpighi was the first person to describe the change in body gelor of the silk-

worm.

. Physiology is the branch of biology that studies body function.

A hypothesis is a tentative theory obtained from a set of observations.

. Another term for a disease-producing microorganism is gene.
. The control jar in Redi’s blowfly experiment was covered with gauze.
. Figures 1.5 and 1.8 show that magnetic lenses are part of the compound

microscope.

. AIDS is a respiratory disease carried by rodents in the Southwest.

. Bipchemists are scientists who develop formulas for medicines.

. A proved hypothesis becomes a theory,

. A combination of matk ics and statistics applied to facts of biology is

known as energetics.

Amino acids in proteins can be separated by using electrical charges in a
process known as X-ray dilfraction,

The microscope that can magmfy more than 200,000 times is the electric
microscope,
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16. The ability to distinguish two closely applied points separately is known as
reduction power.

17. Living, P H pi isms are best viewed by using cither an
¢lectron or phase contrast microscope.

18. The human cye cannot resolve glectrons.

19, Chemical engineering uses mi ganisms to make genes produce protec-
tive chemical substances.

20. A cytologist studies the mingd.

CONNECTING TO CONCEPTS

1. Why is it reasonable to believe that the study of life is as old as humankind?
2. Why is the science of biology divided into so many fields of study?

3. What was the control in Redi’s blowfly experiment?

4. Why are numbers and matt ics 50 imp to the modern biologist?

ANSWERS TO SELF-TEST CONNECTION

PART A

1. biology 11. hypothesis

2. Aristotle 12. spontancous gencration
3. Vesalius 13. microscope
4. Lamarck 14. organism

5. nature 15, Geiger counter
6. organism 16. energy

7. microorganisms 17. light

8. ccology 18, electron

9. anatomy 19. Roenigen
10. Harvey 20, magnification
PART B

Lb 8 b 15. b

b 9.d 16, d

3a 10. ¢ 1. b

4. d 1. b 18. d

5 b 12. ¢ 19. b

6. ¢ 13. ¢ 20. b

7. a 14. a

PART C

1. solve 11. pharmacologists
2, observation 12. true

3. true 13. biometrics

4. true 14, elecirophoresis
5. true 15, electron

6. conclusion 16. resolving power
7. germ 17. darkficld

8. parchment 18, true

9. electron 19. genetic

10. hanta virus 20, cell
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You should become familiar with the metric system of measurement, which is
used in all sciences. The metric system is based on multiples of 10. The unit of
length is the meter. The unit of mass is the gram. The unit of volume is the liter.
Turn to Appendix A and read the metric-English equival Study the ¢ i

tables, Then convert your height and weight, and perhaps the heights and weights
of your family members, into metric units, Notice that milk and juice cartons pro-
vide volume information in both English and metric units. Begin to think metric!

Chronology of Famous Names in Biology _

1895
1903
1920
1923

1925

1933
1933

1935

1938

1940

1952

1953

Wilhelm Konrad Roentgen (Germany )—discovered X rays

Mikhail Tsvett (Russia)—di d column ch piy.
Theodor 8 (Sweden)—i 1 the cmlrifugc.

Georg von Hevesy {England)—developed technique of using radio-
active tracers.

Joseph E. Barnard (England)—developed technique for photograph-
ing living bacteria using ultraviolet light.

Arne Tisclius {Sweden)—developed electrophoresis.

Max Knell and Ernst Ruska {Germany)—invented the single “lens™
¢lectron microscope,

Wendell Stanley (United States)—isolated the tobacco mosaic virus
by centrifugation.

James Hillier and Albert Prebus (England }—invented the compound
electron microscope.

A.P.J. Martin and R.L.M. Synge (England)— discovered the

hnique of paper
Alfred D. Hershey and Maﬂha Chase (United States)—developed
the technique of using radi pes o study viruses,

Maurice H.F. Wilkins (England}—developed the technique of using
X-ray diffraction to decipher the structure of DNA.



CHAPTER 2

CHARACTERISTICS OF LIFE

I n this chapter you will learn why there can be no one best definition of life. You
will also learn how living things are named and grouped.

SIGNS OF LIFE

As you already know, biology is the science that is concerned with life and living
things. Given a collection of familiar objects, you would probably experience lit-
tle difficulty in separating them into a group of living and a group of nonliving
things. To determine if something is living, you would look for signs of life such

.

e

Fig. 2.1  All living things share the same characteristics of life. Can you identify the
living and the nonliving things in the picture?
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as movement, response to touch, patterns of growth, and ability to take in food.
Let us suppose that included in the group of things you wish to classify are a
mildew-covered towel. a green stain on tree bark, a large yellow turnip, and slime
maold on the forest floor. What signs of life would you look for in mildew, tree
stain, the turnip, and slime mold? Are these things living? What cniteria are used
1o distinguish living organisms from nonliving objects? (See Fig. 2.1.)

DEFINITION OF LIFE

Seientists are unable to agree on a standard definition of life because it is impos-
sible to define life and its qualities in a sentence or two. For every definition that
might be suggested, too many exceptions are found. For example, we can say that
living things grow. But so can crystals be made to grow. They do so by adding on
maolecules of transparent quartz. We might also say that living things move, But
what of the ball that rolls down a hill or a kite that flies in the air? Are these not
moving? 1 is examples such as growing crystals and flying kites that make life a
difficult coneept to define. Life is best described in terms of the functions per-
formed by living things,

Life Functions

The body of & living thing is a highly organized system. It is self-regulating, ca-
pable of adapting to changes in the environment. To maintain life, all living sys-
tems must be able 1o carry out biochemical and biophysical activities that together
are known as life functions. In the paragraphs that follow, you will read about
each life function.

Nutrition is the sum total of the activities through which a living organism
obtains food, Food molecules are known as mutrients. Chemicals within the body
are able to change nutrients into substances useful for fuel and for growth. In-
cluded in nutrition are the processes of ingestion, digestion, and assimilati
Ingestion is the taking in of food. Digestion refers 1o the chemical changes that
take place in the body. Through these changes, nutrient molecules are made us-
able by the cells. From time 1o time in this di ion, the word molecule has
been used. A molecule is the smallest part of a compound that retains the chemi-
cal characteristics of that compound. Assimilarion involves the changing of cer-
tain nutrients into the protoplasm of celis. You will learn more about the proto-
plasm of cells in Chapter 3.

Transport involves the absorption of materials by living things, including
the movement and distribution of materials within the bady of the organism. One
method of transport is diffusion. (See Fig. 2.2.) Diffusion is the flow of molecul
from an area where these molecules are in great concentration to an area where
there are fewer of them. Active transport is the movement of molecules powered
by energy. Circulation is the movement of fluid and its dissolved materials
throughout the body of an organism.

Respiration consists of breathing and cellular respiration. Breathing is the
intake of air (inhaling) and the letting out of carbon dioxide and water vapor {ex-
haling). Cellular respiration is a complex process through which energy is re-
leased from nutrient molecules.
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s o Il <G
Food-coloring
molecules

(a} 1] (e
Fig. 2.2 Diffusion. {(a) Food coloring is placed at the bottom of a beaker of water.
(b) Molecules of food coloring begin to move through molecules of water. (c) Molecules
of food coloring diffuse throughout the water molecules.

E i waste prod of other life functions from the body. The
lungs, the skin, and the kidneys are exeretory organs in humans that remove car-
bon dioxide, water, and urea from the blood and other body tissues.

Synthesis involves the biochemical processes by which small molecules are
built into larger ones. As a result of hesis, the building blocks of proteins are

1 d into more pl I that regulate the body.

Regulation includes all processes that control and coordinate the many ac-
tivities of a living thing. Regulation enables living organisms 1o adjust to changes
in the environment, These changes may oceur within the body of the organism or
in the environment outside the body.

Growth describes the increase of cell size and increase of cell numbers. The
orderly growth in the number of cells results in the growth of the body.

Reproduction is the process by which new individuals are produced by par-
ent organisms. Organisms produce the same kind of individuals as themselves.
There are two major kinds of reproduction: amua] and sexual. Asﬂw!’ repro-
duction involves only one parent. Sexual reprod, the | pation
of two parents, each producing special repmﬂunw: cclls known as sex cells or
gametes, The continuation and survival of the species is dependent upon repro-
duction. Once a species has lost its reproductive potential, the species no longer
survives and it becomes extinet.

BASIC CONCEPTS IN BIOLOGY

Metabolism

You have just read that fife fimctions are cl istic of all living

Life functions either produce energy or use it. Therefore, taken as a whole, life
functions are known as metabolism (muh-tab-o-lizm}. By definition, metabolism
includes all of the chemical activities in the body that produce or use energy. (En-
ergy is the ability to do work.) During certain body processes, small molecules
are combined into larger molecules. This building process uses energy. It is a
form of bolism called anabolism (an-ab-o-lizm), taken from a Greek word
meaning “to build up.” C 1y, there are | in the body that break
apart large molecules, thereby releasing energy. This metabolic process is known
as catabolism (ka-tab-o-lizm), derived from a Greek word meaning “to tear
down.” You can und 1 that bolism is ongoing in living things. Energy is
released; energy is used. Metabolism is one of the ba:.u: concepts in biology.




Fig. 23 The
long neck of
the giraffe is
an adaptation.
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Homeostatis

In the 19th century, the French physiologist (fizzi-ol-o-jist) Claude B | de-
d the pt of h stasis (home-eo-staysis). Hi is means

“staying the same.” On page 18, vou read that the body is self regulating and ca-

prnh!e of adapting to changes in the envi The body can adapt to external

its internal environment is able to stay the same.
For example, your normal body temperature is 98.6°F (37°C). When you go out-
doors on a cold winter day, your body temperature remains the same. You will
learn later in this book hm-. the body maintains the “steady state™ of its life func-

tions in an almost unchanging internal envi H is is another ba-
sic concept of biology.
Adaptation

Adaptation refers to a trait that aids the survival of an individual or a species in
a given envi An adaptation may be a 1 ck istic such as the
hump of a camel, a behavioral characteristic such as the mating call of a bull frog,
or a physiological characteristic controlling some inner workings of tissue cells
(Fig. 2.3). Adaptations permit the survival of species in environments that some-
times seem forbidding. For example, some bacteria are able to live in hot springs
that have temperatures up to 80°C (175°F). They have adaptations that permit the
carrying out of metabolic functions at extremely high temperatures,

THE CONCEPT OF SPECIES

Fig. 2.4 The
mule, an infer-

tile hybrid

About 30 million kinds of plants and animals have been discovered. In order to
identify these organisms, study them, and retrieve information about them, biol-
ogists have organized them into groups. The process of organizing living things
into groups is called classification.

The basic unit of classification is the species. A species is a group of similar
organisms that can mate and produce fertile offspring. The red wolf, the African
elephant, the red oak, the house fly, the hair cap moss—each belongs to a sepa-
rate and distinct species. For example, the red wolf belongs to the red wolf species
in which the male mates with the female and produces fertile red wolf offspring.
Upon maturity these red wolf offspring will reproduce just as their parents did.
Species is a reproductive unit, not one defined by geography. Once brought to-
gether, a Mexican male Chibuahua can mate with a female Chihuahua bom in
France because they are species compatible.

In rare instances, members of closely related species—horses and donkeys,
for example—can mate and produce offspring. But the products of interspecies
matings are not fertile and therefore cannot reproduce. When a male donkey
mates with a female horse (mare), a mule is produced. The mule is an infertile hy-
brid (Fig. 2.4). The mating of a male horse (stallion) and a female donkey results
in a hinny, also an infertile hybrid.
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BINOMIAL NOMENCLATURE
In modern biology living thlngs are named according to the groups in which they
are classified. The i and physician Carl von Linné (1707-1778)

is credited with having devised the first orderly system of classification. Under
the Latinized form of his name—Carolus Linnaeus, he is now known as “the fa-
ther of modern taxonomy." Linnaeus based his system of classification on the
anatomy and structure (morphology) of organisms. He recognized that Il\mg
things fall into sef groups distinguishable by specific
tics. He called each scparate group of organisms a species. To each species he as-
signed a two-word Latin name or a binomial.

The first word in the species binomial designates the genus. Linnacus as-
signed the genus (plural, genera; adjective, generic) as the next higher unit of
classification afler the species. In his system the genus is a classification group
consisting of one or more related species.

The species name is the scientific name, a double name in Latin known as bi-
nomial nomenclature, The system of double naming is so orderly and practical
that it is used in every country in the world. Thus the scientific name for an or-
ganism is the same worldwide no matter the language of the country.

The scientific or species name—Quercus rubra, for example—provides us
with some infi ion about the 1sm. First of all, the genus name Quercus
is the Latin name of oak. Species that are classified as oaks are grouped into the
genus Quercus. The name rubra (red) indicates that it is a separate and distinct
kind of oak apart from Quercus alba (white oak} or Quercus suber (cork oak).
See Table 2.1.

TABLE 2.1 The Genus Quercus

Scientific Name Common Name
Quercus alba white oak
Quercus coccinea scarlet oak
Quercus montana chestnut oak
Quercus rubra red oak
Quercus suber cork oak

Quercus virginiana live oak

Certain rules are followed in the use of the genus and species names. The
genus name is capitalized; the second word in the species name is not. The sci-
entific name (genus and species name) is always italicized in print and underlined
when written in long hand. Whenever the species name is used more than once in
the same paragraph, it can be abbreviated. The first letter of the genus name is
used followed by the complete name of the species: . rubra. When used alone,
the genus name is always capitalized and spelled out: Quercus.

TAXONOMIC GROUPS

The science of taxonomy developed from the great need to classify the vast num-
ber of species that naturalists were discovering during the 18th and 19th centuries.
The design of the classification system is a simple and practical one that lends
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itself easily to the addition of new names of organisms as they are discovered. The
system makes use of a number of hierarchical groups each related to the other in
terms of biological significance. Each group of organisms within the scheme is
known as a faxon (plural, faxa). The classification groupings are as follows: king-
dom, the largest and most inclusive group, followed by the phvlum, class, order,
Samily, genus, and species.

Linneaus based his system of classification on the morphology (structure) of
organisms that appeared m.ost :Insely relat:d '[‘h: :urrcnt practice is to group liv-
ing things ding to lution is that branch of bi-
ology that studies changes in planls and ammals thut occur over long periods of
time. Since the structures of plants and animals seem to reflect their evolutionary
histories, the Linnaean system works well with the present-day approach to
classification.

TABLE 2.2, Classification of the Human

Category Taxon Characteristics

Kingdom Animali Multicellular organisms requiring pre-
formed organic . material for food, having
a motile stage at some time in their life
historjes.

Fhylum Chordata Animals having a notochord (embryonic
skeletal rod), dorsal hollow nerve cord, gills
in the pharynx at some time during the life

cycle.
Subphylum Vertebrata Backbone (vertebral column) enclosing the
spinal cord, skull bones enclosing the brain.
Class Mammalia Body having hair or fur at some time in the

life; female nourishes young on milk;
warm-blooded; one bone in lower jaw.
Order Primates Tree-living mammals and their descen-
dants, usually with flattened fingers and
nails, keen vision, poor sense of smell.
Family Hominidae Bipedal locomaotion, flat face, eyes forward,
‘binocular and color vision, hands and fect
specialized for ditferent functions.
Genus Homo* Long childhood, large brain, speech ability.
Species Homo sapiens**  Body hair reduced, high forehead,
prominent chin,

* Homo = Latin: man
**sapiens = wise

Five-Kingdom System of Classification

The largest and most inclusive classification category is the kingdom. For many
decades, living things were considered to be either plants or animals md thus were
grouped into one of two kingdoms, Plantae and Animali; p P
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and other h techm have d many species that cannot be classi-
fied either as plant or nmmal For example: the one-celled organism Euglena,
which has both plant and animal ct istics, was ly referred to as a
“biological puzzle™ ists could not classify it to meet the satis-
faction of all biologists. (See Fig. 7.9, page | 15. }Otller orga.msms such as bacte-

ria, in which plant and animal ch; can be d d among the var-

ious species, also presented classifications problems.

In 1969, the ecologist Robert Whittaker proposed an updated system of clas-
sification in which every living thing is grouped into one of five kingdoms, based
on the extent of its complexity and the methods by which nutritional needs are met.

TABLE 2.3. The Five-Kingdom System
Kingdom Characteristics

Monera All monera are single-celled organisms. Unlike other cells, the
monerans lack an organized nucleus, mitochondria, chloroplasts
and other membrane-bound organelles. They have a circular
chromosome. Examples are bacteria and blue-green algae.

Protista Protists are lled isms that have a b bound
nucleus, Within the nucleus are chromosomes that exhibit certain
b during the reproduction of the eell. Other cellular organ-

clles are surrounded by membranes, Some protists take in food;
other make it by means of photosynthesis. Some protists can
move from one place to another (motile); others are nonmotile.

Examples of protists are Amoeba, Euglena, Py
Punnularia (diatom).
Fungi Fungi are nonmotile, plant-like species that cannot make their

own food. The fungi (fungus, singular) absorb their food from a
living or nonliving organic source. Fungi differ from plants in
the composition of the cell wall, in methods of reproduction and
in the structure of body. Examples of fungi are mushrooms,
waler mold, bread mold.

Plantae The plant kingdom includes the mosses, ferns, grasses, shrubs,
flowering plants and trees. Most plants make their own food by
photosynthesis and contain chloroplasts. All plant cells have a
membrane-enclosed nucleus and cell walls that contain cellulose.

Animalia All members of the animal kingdom are multicellular. The
cells have a di nucleus that ins chr Most
animals can move and depend on organic materials for food.
Excluding the very simple species, most animals reproduce by
means of egg and sperm cells.

Six-Kingdom System of Classification

In the five-kingdom classification system, all bacteria are grouped in the king-
dom Monera. New eudence from molecular biclogy and el Py
h , has indicated to biol that all becteria do not have the same evolu-
tionary history. Therefore the kingdom Monera has now been divided into two
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kingd the Arch

teria and the Eub fa. (Descriptions of the species

classified as Archacobacteria and as Eubacteria are given in Chapter 6.) The cur-
rent classification model exhibits six kingdoms.

TABLE 24. The Six-Kingdom System

Kingdom

Characteristics

Archaeobacteria

Eubacteria

Protista
Fungi
Plantae
Animalia

Archacobacteria survive only where there is no oxygen.
They live in harsh environments: hot springs, salt lakes
and seas, bic {without gen) hes, sewage
plants, and the sludge of lake bottoms and seas. Examples
are methane-producing bacteria, salt-loving bacteria, and
heat-loving bacteria.

Most species of bacteria belong to the Eubacteria. Certain
kinds of these bacteria are classified by their shapes:
bacillus (rod-shaped), coceus (round), spirillum (spiral).
This kingdom is wide ranging and consists of both helpful
and disease-producing bacteria.

Same as in Table 2.3

Same as in Table 2.3

Same as in Table 2.3

Same as in Table 2.3

Connecting Through Chapter Review
WORD CONNECTION STUDY

active transpart family nutrition
adaptation Fungi order
anabaolism gametes phylum
Animalia genus Plantae
Archacobacteria growth Protista
asexual reproduction homeostasis regulation
assimilation Homo sapiens replication
binomial nomenclature hinmy reproduction
breathing hybrid respiration
catabolism ingestion sexual reproduction
cellular respiration kingdom species
circulation life function synthesis
class metabolism taxon
diffusion mitosis taxonomy
digestion Monera Tetropoda
Eubacteria mule transport
excretion nutrient vertebrate
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SELF-TEST CONNECTION

PART A. Completion. Write in the word that correctly completes each
statement.,

1. The taking in of food is known as ..1..
2. The type of transport requiring energy is ..2.. transport.
3. The pumping of air into and out of the lungs is known as ..3..
4, Small molecules are built into larger ones in biochemical processes known as
A
5. Examples of excretory organs are the kidneys, the skin, and the ..5..
6. The building blocks of proteins are ..6..
7. Reproduction that involves one parent is known as .7..
8. Chromosomes are duplicated in a process called ..8..
9. Destructive metabolism is known as .9..
10. “To stay the same™ is expressed by the biological term ..10..
11. The mating of a male donkey and a mare produce the animal known asa ..11..
12. Binomial nomenclature refers to ..12.. naming,
13. Equus asinua and Equus caballus indicate that these organisms belong to the
same .. 13..
14, The ..14.. name is always capitalized.
15, The science of classification is known as ..15..
16, The current classification system consists of ..16.. kingdoms.
17. Animals with backbones are classified as ..17..
8. Linnaeus based his system of classification on the ..18.. of organisms.
19, Under the five-kingdom system of classification, all bacteria were grouped
in the kingdom _.19..
20. A bacillus is a bacterium that is shaped like a ..20..

PART B. Multiple Choice. Circle the letter of the item that correctly completes
cach statement.

1. Chemical changes which change large food molecules into smaller soluble
ones are known as
{a) egestion (€) mastication
{b) ingestion (d) digestion

2. The general term applied to the absorption and distribution of molecules
within the body of an organism is

(a) diffusion (e) cyclosis
(b) transport (d) motion
3. Energy-releasing activities carried out by cells are known as
(a) regulation (c) digestion
(b) respiration (d) assimilation
4. The wastes of cellular respiration are
(2) CO, and nitrogen {c) carbon dioxide and water vapor
(b) urea and oxygen {d) urea and nitrogen
5. Auxins arc most correctly associated with
(a) bean plants () snails
(b) giraffes (d) beetles

6. The movement of food-coloring molecules through water without the appli-
cation of energy is known as
(m) excretion {c) cremation
{b) transportation (d) diffusion
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7. All of the biochemical activities in the body are included in the term

(a) anabolism (c) metabolism
(b) atavism (d) catabolism
8. When species lose their reproductive potential, they
(a) become extinct (c) develop alternative systems
(b) increase in numbers (d) develop more energy
9. The long neck of a giraffe is considered to be a (an)
(a) throw-back (c) effector
(b) affectation (d) adaptation
10. The first word in the species binomial refers to the
(a) kingdom (c) genus
(b) phylum (d) class
11, The basic unit of classification is the
(a) taxon () kingdom
(b) phylum (d) species
12. A mule can properly be described as a
(a) high breed (c) mongrel
(b) hybrid (d) hinny
13, The name Linnaeus is best associated with
(a) taxonomy (c) paleobiology
{b) morphology (d) anatomy
14. The scientific name is the same as the
(a) common name () genus name
(b) species name {d) popular name
15. Euglena is best classified as a
(a) plant (¢) fungus
(b} animal (d} protist
16. Tetrapoda are animals that have four
(a) limbs (€) Mngers
(b) legs (d) toes
17. All bacteria that cause disease are placed in the kingdom
(a) Fungi (c) Eubucteria
(b) Monera (d) Archaeobacteria
18. Mushrooms are classified as
(a) nongreen plants (c) protists
(b) bacteria (d) fungi
19. “Anaerobic™ means without
(a) oxygen {c) methane
(b) carbon dioxide (d) heat
20. All members of the animal kingdom
(a) have legs (¢) breathe in carbon dioxide
(h) are multicellular (d) metabolize methane

PART C. Modified True-False. If a statement is true, write “true” for your an-
swer. If a statement is incorrect, change the underlined expression to
one that will make the statement true.

1. A definition of life is quite easy to formulate.

2. Living things are highly dispersed systems,

3. The process in which nutrients are changed into protoplasm is known as
digestion.

4. The movement of materials from place to place in the body 1s known as
locomeotion.
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5.

15.
16.
17.
18.

1%,
20.

CONNECTING

Processes that involve control and coordination of the activities of living
ganisms are known collectively as metabolism.

. Increase in cell size is known as

The endocrine system is a part of the plant body.

. Auxins help regulate growth in plants.

. Two parents are required for the process of asexual reproduction.

. Anabolism is a breaking down process.

. A hinny gap reproduce others like herself.

. The genus name is binomial.

. The largest classification group is the species,

. The branch of biology that studies change in form of living things is

lassification.
A classification group of organisms is known as a waxon.
All Archaeobacteria live where there is no witer.

Amoeba belong to the kingdom Animalia.
The name Carl Woese is best iated with the five-kingdom system of
classification.

John Ray was the first to introduce the concept of the genus.
The fine detail of bacteria is best resolved through the light microscope.

TO CONCEPTS

1. Compose a definition of life, Why is life difficult to define?
2. Why must biologists classify living things?

3. Explain the meaning of homeostasis.

4. Why are bacteria not placed in the kingdom Protista?

ANSWERS TO SELF-TEST CONNECTION

PART A

1. ingestion 1. mule

2, active 12, double (scientific)
3. breathing 13, genus

4. anabolism 14, genus

5. lungs 15. taxonomy

6. amino acids 16. six

7. asexual 17. vertebrates

8. replication 18, structure

9. catabolism 19. Monera
10, homeostasis 20, rod
PART B

1. d K a 15. d

b 9. d 16. a

b 10. ¢ 17. ¢

4. ¢ 1. d 18. d

S a 12. b 19. a

6. d 13, a 20. b

T ¢ 14.b
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PART C

1. difficult 11. cannot
2. onganized 12. specics
3. assimilation 13, kingdom
4. transport or circulation 14. evolution
5. regulation 15. true

6. true 16. oxygen
7. animal 17, Protista
8. true 18, six

9. sexual 19, specics
10, building up 20. electron

Connecting to Life/Job Skills

Museums of natural history specialize in preparing exhibits that tell the stories of
the life histories of plants and’or animals, The eurator of a natural history mu-
seum is a highly trained person who is a specialist in one of the fields displayed
in the museum. The curator heads a stafl of assistants and technicians who re-
search specnmcns and prepare them for exhibit. The curator must be sure that each

ded in exhibits is correctly classified. You can find information
about carcers in natural history museums by contacting the American Association
of Museums, 1225 [ Street, Washington, D.C. 20005,

Chronology of Famous Names in Biology __

Mlec Aristotle (Greece) — first to try to group organisms by select-
ing a single outstanding feature,

1627-1705 John Ray (England) — introduced the word species to describe
an organism. Catalogued about 19,000 plants of Europe.

17071778 Carolus Linnaeus (Sweden) — devised the first classification
system. Wrote Systems Natral and Species Plantarum. Intro-
duced the idea of the fype species — typical specimen of the

species.

1969 Robert H. Whittaker (United States) — devised the five-king-
dom system of classification.

1975 Carl R. Woese (United States) — divided the kingdom Monera

into two kingd Archaeobacteria and Eubacteria.




CHAPTER 3

THE CELL: BASIC UNIT
OF LIFE

In this chapter you will learn about the structure and function of cells and the
essential roles that cells play in the life of the organism.

The Cell as a Basic Unit
CELL CONCEPT

The body of a living organism is built of units called cells. All living things are
similar in that they are composed of one or more cells, The body of a uniecllular
organism is composed of one cell. Most plants and animals are multicellular,
having a body made of numerous cells.

During the years 1838 and 1839, the cell theory was formulated by two emi-
nent scientists of the day. Matthias Schieiden, a botanist, and Theodor Schwann, a
zoologist, combined some of their fundamental ideas about the structure of plants
and animals in what has developed into a basic concept of biological thought. The
cell theory states (1) that cells are the basic units of life; (2) that all plants and an-
imals are made of cells; and (3) that all cells arise from preexisting cells.

UNIT OF STRUCTURE

Microscopic examination of plant and animal parts indicates that the bodies of
living organisms are composed of cells. Cells pmﬂdc structure nnd. fum] to the
body. They appear in a variety of shapes: round,
tapered, spherical and other. Cell shape seems to be r:latcd to specialized func-

tion (Fig. 3.1},
Cells not only vary in shape, th:_v also differ in size. Most plant and ammal
cells are quite small, ranging in size b 5 and 50 mi in d

(Fig. 3.2). Cells are measored in units that are compatible with modern micro-
scopes. (See Table 3.1.)
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Gland cells

; Egg cell
Hair cell Rod cell Sensory Sperm cell

in the eye nerve cell
Fig. 3.1 Types of human cells
.
Ostrich egg Hen egg Hummingbird egg  Human
170 = 135 mm 60 45 mm 13 8 mm egg
0.1 mm

Fig. 3.2 Comparative sizes of egg cells

TABLE 3.1. Size Units Used in Microscopy

Unit Symbol  Egquivalent

Measurement Use

Naked Eye Measurements

Meter m 100 em
Centimeter om 0.001 m;
0.4 in,
Millimeter mm 0.1 em
Microscope Measurements
Micrometer m 0.001 mm
(Micron)** -
Nanometer nm 0.001 gm

(Millimicrony**  my

Angstrom unit®* A 0.1 nm

Naked eye measurement; standard
from which microscopic
measurements are derived.

Naked eye measurement of giant

e cells.

Naked cye measurcment of large cells,

Light microscope measurement of
cells and larger organelles.

Electron microscopy measurement;
cell fine structure; large
macromolecules.

Electron microscopy measurement;
molecules and atoms; X-ray methods.

* Pronounced mew.

**These units of measure are being phased out, but still appear in scientific

literature.
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UNIT OF FUNCTION

Each cell is a living unit. Whether living independently as a protist or confined in
a tissue, a cell performs many metabolic functions to sustain life. Each cell is a
biochemical faclory using food molecules for energy, repair of tissues, growth
and ulti duction. On the chemical level, the cell carries out all of the
life functions thal were discussed in Chapter 2. Living organisms function the
way they do because their cells have the properties of life.

UNIT OF GROWTH

Each living thing begins life as a single cell. Protists remain unicellular. The
protist cell body grows to a certain size and then divides into two new cells, A
multicellular organism also begins life as a single cell. Its original cell grows to
a certain size and then divides. Unlike the cells of protists, the cells of multi-
cellular plants and animals hold together forming fissues. Later in this chapter,
the role of tissues will be discussed. At this point, we are interested in cells as
the unit of growth. As the number of cells increases in the body of a plant or an-
imal, so does its size. Large organisms have more cells than small organisms,
Thus the size of a living thing depends upon the increase in the number of its
cells.

UNIT OF HEREDITY

New cells arise only from preexisting cells. A cell grows to optimum size and
then divides, producing two other cells identical to itself. Paramecia produce
other paramecia (Fig. 3. 3] nnwn skin cells produce new onion skin cells identi-
cal in and fi to th Ives. From single cells, multicellular or-
ganisms produce other organisms like themselves. This is so because cells carry
hereditary information from one generation to the next. The information is coded
in molecules of DNA (d it leic acid) and is usually transmitted accu-
rately to new cells, The reproductive machinery in the nucleus of the cell serves
as a carrier of hereditary instructions.

Fig. 3.3 A dividing paramecium
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Pinocytic
vesicle

vacuole

Fig. 3.4 Typical Fig. 3.6 Electron micrograph
animal cell of acell

Parts of a Cell

Essentially, all cells have similar parts demgned to contribute to the wurk of the
whole cell. The cell may be described asa losed unit isting of ey-
toplasm and a nucleus. Both nucleus and cytoplasm are packed with finer structures
that can be resolved or distinguished clearly only through the electron microscope.

The parts of a cell are known as organelles, meaning “little organs.” This term
is appropriate because parts of the cell have special functions, somewhat like minia-
ture body organs. Figure 3.4 shows a typical animal cell as demonstrated through
the light microscope. However, there are many organelles in the cell that cannot be
seen by using the light mi pe. These can be resolved by the el
microscope and are known collectively as the fine structure of the cell. Figure 3.5
presents an efectron micrograph of a cell. You will find it helpful to refer to this
diagram as you read about the structure and functions of parts of the cell.

BREAKING CELLS APART

A biologist studying cell processes wishes to remove the organelles (cell
parts) from within the cell unit. Tissue and lysing (loosening) fluid are put into an
electric blender or homogenizer. Here the tissue cells are separated from each
other and the cell membranes are broken open. The suspension of ruptured cells
and lysing fluid is then placed in a test-tube-like device and spun in an ultracen-
trifuge at 80,000 rotations per minute, The force exerted at extreme speeds of ro-
tation is equivalent to 500,000 times the force of gravity. Such force causes the
membranes enclosing the tissue cells to split open, releasing their contents into
the sucrose (sugar) lysing fluid.
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Pieces of endoplasmic
reticulum

Lysosomes
Mitochondria

Fig. 3.6 Results of

Nuclei centrifugation—the
heavier particles fall to
the bottom of tube
On the basis of weight differences, the lles of each cell distribute in

the lysing fluid in layers. The heavier cell structures fall to the bottom of the tube.
The smaller and lighter particles remain in zones at the top. The fluid that tops a
zone of heavier particles is called the supernatant. Organelles of intermediate
weight are distributed in zones between the top and bottom layers, The technique
of ultracentrifugation enables the research biologist to remove layered zones and
1o study them sep ly, either by biochemical means or by observation through
electron microscopy. See Fig. 3.6.

CELL MEMBRANE
The outer boundary of the cell is called the cell or plasma membrane. Although
it is no thicker than 10 the cell t has an intri

structure. It is composed of a bilayer (double layer) of phospholipid molecules
with proteins of various sizes embedded in the layers. Pores in the cell membrane
are lined with small protein molecules.

The cell b ls the p ge of ials into and out of the cell,
It is often referred to as a living gatekeeper. The cell L is selectively per-
meable. Not every ion or molecule can cross its b dary. The of ma-
terials across the cell boundary and into or mnuflhe cell is given the genmll term
transport. It is lled by the globular the phospholipids and the
pores of the b and the el hemical nature of protopl: the living
substance of the cell.
Fluld Mosaic Model

Look at Fig. 3.7. This diagram shows the structure of the cell membrane as
research biologists currently believe it to be. Using this fluld mosaic model, bi-
ologists can explain how some molecules mm into and out of cells while others

cannot p the cell b b
Asywlmkatthcﬂu:dmosawmodclnmmme The core (center) of
the k is made of compounds called ph ,‘ lipids. Figure 3.8 shows the
of a phospholipid. The ded head l hosphate group, the tails

a:efanyaclda,andlwnlbleurgmlcgmuplsmhedmmephc!ph!mhﬂd.hu-
uc:lhallhemﬂsmpcsmnn:dmuwﬂ,wh:kﬂmp}mhnehudponmmﬂm
The phosphate head is water-l bulth:l:pidtmlsmjectwm Inmhe'r\mrds,
thmfan)rmdtazlspmmtwm-wiubh lecules from the
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Surface proteins Partially embedded protein

Fig. 3.7 Fluid mosaic model of cell membrane

thpllam group

group

Fig. 3.8 Phospholipid

Nevertheless, water-soluble materials do enter the cell. They do so by way of
the large, circular proteins that are set into the membrane. These proteins have
channels through which water and its dissolved substances can pass. Other,
smaller proteins lie on the surface of the cell membrane and admit water freely.
Another group of small proteins, which have only one water-rejecting end, are
partly embedded in the membrane.

Each of these three groups of proteins has special functions. One group in-
teracts with hormones and helps special substances get into cells. Another group
of proteins is enzymelike and carries out chemical reactions on the surface of the
membrane. The large, globular proteins ar: free to pass bm:k nnd forth in the

it and function as carrier mol These | Ily carry cer-
tain substances across the cell membrane into the o:]ls The cell membrane is not
regarded as rigid—thus the concept of fluid. The scattered proteins indeed form
a pattern or a mosaic. The fluid mosaic model of the cell membrane is a new con-
cept about which much remains to be learmned.

Transport

Overall, there are two major types of transport into and out of the cell: passive
port and active port. Passive port does not require the cell’s chem-
ical energy to move molecules. Passive transport does depend, however, on the
heat energy within the cell to increase the frequency with which molecules move.
One type of passive transport is diffusion, which is the process by which mole-
cules move from an area of greater concentration to an arca of lesser concentra-
tion. Osmeosis is the movement of water across a semipermeable membrane. Plas-
lysis is the shrinking of cytop due to the of water out of the
cell. Osmosis and plasmolysis are forms of diffusion and thus are examples of
passive transport (Fig. 3. 9)
Active transport requires the use of chemical energy that is stored in ATP
molecules in the cell. Later you will learn how ATP molecules supply energy to
the cell. Pinocytosis (pi-no-sigh-toe-sis), or “cell drinking,” is a form of active
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—— Cell wall
mng +—— Cell membrane
solution —

Cytoplasm
| Nucleus

Fig. 3.9 Plasmolysis in the Elodea (plant) cell. Notice the shrinking
of the cytoplasm. Placing a cell in a strong salt solution causes
plasmolysis.

transport by which fluid molecules are engulfed (taken in) by cells through the for-
mation of vesicles (pockets) in the cell membrane, Solid particles are ingested by cells
through a process hmasphaaocmsh[ﬁng-o-mghmm);whm himdee]ls in-
gest bacteria by means of h and

are known as endocy Atnmcs lecul mfcm:dom::focllsbynncymds,
amnsby\mlchih:yaremnedmmeoell surface by vacuoles or vesicles.

The ion-exch pump is an important mechanism in
active Sodium/| ium ion-exct pumps push sodium ions out
of the cell and fme pommum ions into the cell. This process involves a protein
carrier that is lodged in the cell membrane. Three sodium ions become attached
to a special site (place) on the protein. Interaction with ATP causes the protein
to change shape and release two of the sodium ions to the outside of the cell.
Potassium ions take the pltwe of t]l: released sodium ions and are deposited

within the cell. Sodium/ b pumps are the means by which
sodium ions are forced our of nerve cells, w'hlI: potassium ions are pulled into
the cells.

CYTOPLASM

All of the living material of the cell that lies outside the nucleus is the cytoplasm.
It is packed full of organelles and is highly structured by a network of fine tubes
and fibers that are spread throughout the cell. These s.lppoﬂmg tubes (micro-
tubules) and fibers (microfilaments) are known coll ly as the cytoskel
Micmubulu are long, thin, hollow 1uh1.||cs ('hltl: tubes), mmsunng 25 mnmm
ters in d They are comp of 1 proteins and act as the fr

of the submic b bules also seem to direct the flow of
circulating materials wn]un the cytoplasm and to create pathways for organelle

movement. Microfilaments are long protein threads that measure about 6

in di and function in cell
ENDOPLASMIC RETICULUM
Spreading throughout the cytopl ling from the cell membrane to the
membranes of the nucleus is a network of memb that form channels, tubes and

flattened sacs; this network is named the One function of
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the endoplasmi iculum is the of materials throug the cyto-

plasm and to the plasma b The endoplasmic reticulum has other impor-

tant functions related to the hesis of ials and their packaging and distri-

bution to sites needed. Some ik of the endoplasmic reticulum are dotted

with th Is of lles known as rib 3 others are smooth.
RIBOSOMES

Ribosomes are small, circular organell ing 25 in di

They are by far the most numerous organelles in a cell; in one bacterial cell ribo-
somes may number upward of 15,000, Some ribosomes are attached to the mem-
branes of the endoplasmic reticulum. These are engaged in the synthesis of pro-
teins that will be exported from the cell to be used by various organs of the body.
Digestive enzymes and hormones are examples of the kinds of protein molecules
that are secreted by cells to be used elsewhere in the body. Rib that lie free
in the cytoplasm synthesize proteins to be used in the cell in activities such as cel-
fular respiration. In general, rik are the sites of protein synthesis.

GOLGI BODY

The Golgi body, sometimes referred to as the Golgi apparatus, was discovered by
the Ttalian biologist Camillio Golgi in 1898, It ists of a series of b

loosely applied to one another and forming vesicles (fluid-filled pouches) that are
surrounded by microtubules. The Golgi body receives vesicles and their fluids

from t of the endoplasmic reticulum, The vesicles are rewrapped in
membranes by the Golgi bedy and T d 10 the cell ik where they
leave the cell. In general, the function of the Golgi body is to temporarily store,
package and port materials synthesi by D|.'hcr parts of the cell. A number
of compounds formed in the endoplasmi are funneled into the Golgi
apparatus, where they are modified and conc 1. These compounds are then
rewrapped and t.rumpcrted to other parts of the cell. Among these compounds are
many types of proteins, glycoy ins that b part of the plasma

membrane, and glycolipids. Plant cells have several hundred Golgi bodies; ani-
mal cells, usually 10 to 20.

LYSOSOMES
The ly are les bounded by double 1 that kccp them sep-
arate from other cellular organelles. The | contain hydrolytic enzymes

that are capable of destroying the cell. By a well-controlled mechamsm lyso-
somes become attached to food vacuoles and release some of the digestive en-
zymes into the food vacuoles, Bacteria engulfed by white blood cells are digested
in this way.

PEROXISOMES

Peroxisomes are membrane-bound sacs that resemble fysosomes. Unlike lyso-
somes, however, peroxi contain oxidizi These make
certain substances that are toxic to the cells harmless by adding oxygen to them.
Memt that form peroxi are derived from the endoplasmic reticulum.
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GLYOXYSOMES
Glyoxysomes are t bound sacs in the cytoplasm that ble peroxi-
somes. However, gl contain enzy that convert fatty acids to carbo-

hydrates. Glyoxysomes are usually found in plant seedlings. The enzymes in gly-
oxysomes change the fats stored in the seed into carbohydrates that are used to
build cell wall structures,

MITOCHONDRION

NUCLEUS

Aside from the nucleus, the mitochondrion is the largest organelle in the cell.
Because there are so many of these organelles, the plural mitochondria is used
more frequently than the singular mitochondrion. In diameter, mitochondria mea-
sure b 0.5 and 1 mi in length they measure up to 7 micrometers.
Mitochondria, known as the “power houses of the cell,” exhibit a variety of
shapes: round, ovoid, elongated, and the like. Each mitochondrion is surrounded
by a double l and has a 1 of many folds fitted into its internal
structure. The many folds are d with y for the chemical
reactions that release energy. The degree of folding of the inner membrane is re-
lated to the energy requirements of the cell. The internal membranes, cristae, ac-
tually increase the surface area, permitting a great amount of biochemical activ-
ity to take place. In addition to increasing surface area, the cristae form
compartments that provide additional work and storage areas for the complex task
of cellular respiration. Depending on their energy needs, cells may have more
than 2,500 mitochondria (Fig. 3.10).

Fig. 3.10 Mitochondrion

The largest and most prominent organelle in the cell is the nucleus. A few prim-
itive species such as bacteria and blue-green algae do not have an organized nu-
cleus. These types of cells are known as prokaryotes (pro-kary-ots). Most cells
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do, however, have a double membrane-bound nucleus and are classified as eu-
Karyotes (you-kary-ots).

The double membrane of the nucleus fuses at certain places forming open-
ings called pores. The pores about 65 in di Inside the
nuclear membrane a clear semi-solid material seems to fill up the nucleus. Em-
bedded in this material are one or two small spherical bodies called nucleoli
(sing., nucleolus). The nucleolus is the site of the synthesis and storage of the nu-
cleic acid RNA (ribonucleic acid). In the nucleus of the nondividing cell is a tan-
gle of very fine threads which absorb stain quite readily. In the granular stage
these threads are known as chromatin. The chromatin threads come together,
shorten and thicken, forming chromosomes that can be seen quite prominently in
the dividing cell.

Comparison of Plant and Animal Cells
Plant Cells

A typical plant cell is shown in Fig. 3.11; a typical animal cell is also shown for
comparison. Motice that a plant cell has as its outer boundary a cell wall which
surrounds the plasma membrane. The cell wall is a nonliving structure composed
of cellulose, a complex starch molecule. Cellulose molecules are bound together
in an intricate pattern and held in place by gluey carbohydrates known as pectins.
The carbohydrate molecules that compose the cell wall are synthesized by the cy-
toplasm of the cell and secreted through the cell membrane to form a rigid bound-
ary around the cell.

Cell wall

Centriole

Cytoplasm — 8 '_
ol Cell membrane
Mitochondrion

Nucleolus
Nucleus ————
Chromosomes —
Nuclear membrane

4 Mucleolus

Cell membrane

Large vacuole

Small
vacuole

Fig. 3.11 A typical plant cell (left); a typical animal cell (right)
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Microtubules

Fig. 3.13 The
fine structure of
a centriole

The cell wall serves to support the cell, to protect it from drying out and to
inhibit bacterial invasion. If the cytoplasm inside the cell loses water and shrinks,
the cell wall still retains its shape and remains fairly rigid. Animal cells do not
have a structure that can be compared to the cellulose cell wall.

Figure 3.11 shows a plant cell with o very large vacuole. A vacuole is a space
in the cytoplasm filled with water and dissolved substances such as salts, sugars,
minerals and other materials. The celf sap in the vacuoles of some cells contains
pigments that color the flowers, fruits, leaves and stems of plants. Like other or-
ganelles, the vacuole is sur ded by a b which sep it from the
cytoplasm of the cell.

Animal Cells

Storage arcas in animal cells are quite small, occupying very little space in the cy-
toplasm. These storage areas in animal cells are known as vesicles. They are nei-
ther fixed in number nor as lasting as organelles, but rather appear and disappear
as they move materials from the endoplasmic reticulum to the Golgi body to the
cell membrane.

Chloroplasts belong to a group of structures which have the general name
plastids. Plastids are membrane-bound organelles found only in plant cells. Usu-
ally plastids are spherical bodies that float freely in the cytoplasm, holding pig-
ment molecules or starch. Smmgc plastids include leucoplasts and chromoplasts.
Chloroplasts contain the green pigr horophyil, a sub that gives plants
their green color. Chlorophyll is a special molu:ulc that has the ability to trap
light and to convert it to a form of energy that plants can use in carrying out the
chemical steps of the food-making process known as photesynthesis.

Each chloroplast is surrounded by a double membrane. Inside the chloropl

fl d b sacs called thylakoids (formerly called
gmm} The thylakoids are the structures that contain the chlm'ophyll and it is
within these sacs that pholosynllmns takes place Srmma is the name given to the
dense ground sul that cust the tt

Animal cells do not have chloroplasts and therefore cannot make their own
food. Figure 3.12 shows the fine structure of a chloroplast.

Centrioles are paired structures that lie just outside the nucleus of nearly all
animal cells and some cells of lower plants. They are absent in cells of higher
plants. Under the light nnmscope lhe centrioles look like two insignificant

les, but the el that they have a very intricate
structure (Fig. 3.13).

Flagella and cilia are fine threads of cytoplasm that extend from the surfaces
of some cells. Both of these are involved in the | ion of some
protist species. Cilia are relatively short extensions but appear in great numbers,
usually surrounding the body of the protist. Flagella are much longer than cilia
and appear in fewer numbers.
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In addition to serving the locomotive needs of one-celled organisms, flagella
and cilia help functions of other types of cells. Sperm cells of animals and plants
are propelled through fluid media by the whip-like actions of their flagella. Tis-
sue cells of the human windpipe are lined with cilia which wave back and forth
catching dust particles and pushing them away from the lungs. The microstruc-
ture of the flagella and cilia bles that of the centriol

Organization of Cells and Tissues

Cells in the body of the multicellular organism are arranged in structural and func-
tional groups called tissues. A tissue is a group of similar cells that work together
to perform a particular function. Tissues that are grouped together and work for a
common cause form organs. Groups of organs that contribute to a particular set of
functions are called systems. The ability of cells to carry out special functions in ad-
dition to the usual work of cells exemplifies specializarion. When different jobs are
accomplished by the various tissues in an organ, we call this division of labor.
Tables 3.2 and 3.3 provide a summary of major animal and plant tissues.

TABLE 3.2. Animal Tissues

Tissue Type Function of Tissue
Epithelial Made of closely packed cells specialized for covering and lining
organs and protecting underlying tissues from drying out,
hanical injury and bacterial invasion (Fig. 3.14).
q cells  Fl d epithelial cells; specialized for lining body cavities such

nsth:mou;h. esophagus, cardrum and vagina.

cuboidal cells Cube-like cells; specialized for gland tissue and the lining of
the kidney tubules.

columnar cells Tall and column-like cells; specialized for lining the alimentary
canal in such organs as the stomach and intestines.

ciliated Ciliated columnar epithelial cells line the tubes that serve
columnar as air passag in the respiratory system; the cilia push
cells dust particles away from the lungs.

goblet cells Specialized for secreting and storing fluid products, such as

milk, hormones, enzymes, and oils, of cells.

Goblet cell

Squamous cells Cuboidal cells ~ Columnar cells  Columnar cells with cilia

Fig. 3.14 Types of epithelial tissue

Nervous

Made of cells called newrons that are specialized for carrying
impulses; the nervous system coordinates all of the body's
activities (Fig. 3.15).
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SENSOCY neuron

motor neurons

Carries information from sense organs to other neurons in the
brain and spinal cord.
Carries impulses to muscles and glands.

Fig. 3.16 Nerve cell

Ti its impulses from sensory neurons o MoLor neurons.

Muscle

smooth

cardiac
striated

Specialized to respond to stimuli transmitted by motor neurons,
characterized by electrical excitability and the ability to contract
(Flg 13.16).

y muscle; F organs not under the control of
the individual—e.g., small intesti
Specialized for the heart.

Voluntary muscle; composes organs that are controlled by the
will of the individual—e.g., arm and leg muscles.

Fig. 3.16 Types of \mu«h or involuniary Striated or voluntary
muscle tissue muscle Cardiac or heart muscle
Blood Composed of three types of cells suspended in plasma (Fig. 3.17).
erythrocytes Red blood cells specialized for carrying m(ygeu
leucocytes White blood cells specialized for 2 ions of
disease organisms.
platelets Cell fragments that function in blood clotting.

Fig. 3.17 Types of
blood cells

o5

Red blood cells

.@

White blood cells Platelets

l'?-.‘;,&}

cartilage

fibrous
connective
tissue

Fig. 3.18 Types of
connective tissue

Cl ized by large its of 1g material that
surrounds living cel]s the nonliving matrix supports and binds
tissues to the body skeleton (Fig. 3.18).

Firm and elastic matrix found at tip of nose, end of long bones, ear
lobes and wherever strength and flexibility are needed.

Parallel protein fibers give strength to the matrix; ligaments—
elastic fibers—connect bone to bone, Tendons—nonelastic
fibers—connect muscle to bone.

Cnrlllqg:
cells

Canilage Fibrous connective tissue
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Bone Calcium and phosphorus compounds make up the matrix;
living cells arranged in rings around a canal through which
nerve fibers and blood vessels extend. The skeleton of
vertebrates is made of bone (Fig. 3.19).

Fig. 3.19 Bone tissue marrow  Haversian canal

TABLE 3.3. Plant Tissues
Tissue Type Function of Tissue

Epidermis Ome cell-layer thick; covering surfaces of leaves, stems and
roots, protecting inner tissues (Fig. 3.20).

Fig. 3.20

(O oaosa]

Epidermal ¢ . QCB[’R cells

plant tissue Leaf epidermis

Vascular Conducting tissues; port materials throughout plant (Fig.
32n.

xylem Composed of clongated cells known as tracheids and vessels,

or conducting tubes; conducts water and its dissolved
minerals upward from roots of plant.

phloem Transports food materials to all parts of the plant; composed
of sieve mbes and companion cells.

Fig. 3.21 Vascular
plant tissues Xylem Phloem

Fundamental Basic tissues that make up most of the plant body (Fig. 3.22).

parenchyma  Thin-walled cells ining chloroplasts and other plastid:
tissues where photosynthesis takes place.

sel hy Tough supporting tissues composed of sturdy cell walls and
dead cells; gives mechanical support to plant stems and forms
tough coverings of seeds.

collenchyma Living cells in stems and leaves that provide support.

men 3 &Y

Fundamental
plant tissue Parenchyma  Sclerenchyma Collenchyma
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Cell Reproduction
CELL CYCLE

Most cells go through an endless cycle of growth, replication of chromosomes,
mitosis, and cytokinesis. You will learn about each of these cell events in the sec-
tions that follow.

The celf eycle consists of four repeating phases known as the M phase, G-/
phase, S phase, and G-2 phase (M stands for mitosis, G for gap, and S for syn-
thesis). Mitosis and cell division take place during the M phase. During the G-1
phase, ch are single ded. Proteins y for the growth of the
cell are synthesized in this phase. During the S phase DNA molecules are repli-
cated. In the G-2 stage, the cell is getting ready for mitosis. The G-1, §, and G-2
phases are known collectively as interphase.

Cells that do not eycle have a much shortened life span. Human red blood cells
do not have nuclei and die without undergoing cell division. The nuclei in the red
blood cells of fish, birds, and reptiles are not active and cannot function in the
process of cell division. These cells also die without reproducing themselves. Most
cells, however, cycle continuously, Red blood cells are examples of the exceptions.

Cell Division

When a cell reaches a certain size, it divides into two new cells, identical 1o cach
other and very similar to the original parent cell. The new cells are known as daugh-
ter cells, The events marking cell division differ in prokaryotes and eukaryotes.

As you recall, a prokaryotic cell does not have an organized nucleus. The nu-
clear material is in the form of a single circular chromosome attached to the
mesosome on the cell membrane. Before cell division, the chromosome repli-
cates, forming another chromosome exactly like itself. The new chromosome is
attached to its own mesosome on the cell by As the cell el the
chromosomes move further apart. Just as the cell doubles in length, the cell mem-
brane pinches inward. New cell wall material surrounds the pinched membrane
and separates the two cells (Fig. 3.23).

Fig. 3.23 Division
of a bacterium
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Cell division in the euLa.r}Dt'rc cell i.nc]udcs wo sep:lmlc cvents: events in the

nucleus through which the ck listributed to the daughter cells and
cytokinesis, the division of the cytoplasm and its organelles.
Each specics has a ck istic number of ch in the nuclei of its

cells. It is referred to as the species mamber, or simply as the chiromosome number.
As indicated in Table 3.4, the number of chromosomes in the cells of a given
species is not an indicator of size or complexity, The somatic, or body, cells of an
organism contain the full complement of chromosomes, referred to as the diploid
number and designated by the symbol 2N, The nucleus of a somatic cell divides
through mitosis, and the chromosomes are distributed equally to the daughter cells.

The organism’s sex cells, or gametes—eggs and sperm, contain half the
species number of chromosomes. This number is calied the haploid number and
symbolized as N. Meiosis is the kind of nuclear division that leads to the forma-
tion of sperm and egg cells.

TABLE 3.4. Chromosome Numbers of
Some Common Species

Organism Haploid No. Diploid No.
mosgquito 3 6
fruit fly 4 8
gall midge 20% B*
evening primrose 7 14
onion & 16
corn 10 20
grasshopper (female) 11 22
grasshopper (male) 10 2]
frog 13 2%
sunflower 17 34
cat 19 38
human 23 46
plum 24 48
dog 39 78
sugar cane 40 B
goldfish 47 94
* In the fertilized egg of the gall mulge 32 chromosomes become

functional leaving 8 functi

**The male grasshopper has only one sex chromosome.

Phases of Mitosis

Mitosis (also known as karyokinesis) concerns the cell nucleus and its chromo-
somes. Before the onset nl mitosis, the cell is tl| a stage known as interphase.
During interphase, the cl are T liy fong and very thin, ap-
pearing as fine granules through the light microscope. It is during this stage that
DNA molecules in the nucleus replicare. The result of replication is that each

chromosome now has an exact copy of itself. When interphase comes to an end,
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Late anaphase Late telophase

Fig. 3.24 Stages of mitosis

the cell has enough nuclear material for two cells. The orderly process that divides
the ch equally t the two daughter cells is known as mitosis.

There are four stages of mitosis: proph 1 and
telophase. The significant events which mark each of these stages and interphase
are outlined below and shown in Fig. 3.24.

Prophase
1. Chmmusomcs become shorter and thicker. Each chromosome consists of two
ch i hed at the (Fig. 3.25).
Chromatid
Centromere
Fig. 3.256 Chromatids hold
together at centromere
2. The nuclear I begins to disintegl
3. Spindle fibers form ling from the to the poles.
4. The centrioles in animals cells, fungi, algae, and some ferns replicate and a
pair migrates toward each pole.

5. Chromosomes begin to move toward the equator of the cell.

Metaphase

1. The centrioles have migrated to the poles.
2. The chromosomes are lined up at the equator of the spindle.

3. Spindle fibers are hed to the ing them to the poles of
the spindle.

4. Both the nuclear t and the nucleolus have disapp |

Anaphase

1. The centromeres split apart.
2. The chromatid pairs of each chromosome separate from each other. They
move quickly in oppaosite directions, one toward each pole.
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Telophase

1. The recently separated chromosomes reach the poles. A pole is the place
where the new nucleus of cach daughter cell will be Jocated.

2. The spindle fibers extending from the poles to the centromeres disappear.
Those fibers that lic in the plane b the opposing rows of cl
remain for a longer time.

3. A nuclear membrane reforms around esch bundle of chromosomes at the
poles. At this time, all remnants of the spindle fibers have disappeared.

4. At the equator of animal cells, the eytoplasm turns inward, pinching the old
cell into two new ones. In plant cells, a cell plate of rigid cellulose separates
the two new cells,

Interphase

Two new daughter cells are formed identical in genetic material to the parent and
to each other. In a relatively short span of time, the daughter cells will accumu-
late more cytoplasm and grow to the size of the original parent cell. The cell nu-
cleus controls the biochemical activities of the cell during interphase. The only
work that the “resting”™ cell is not doing is dividing.

CYTOKINESIS

Cytokinesis is the separation of the cytoplasm following nuclear division. At first
there is a doubling of the molecules that make up the cytoplasm. Cell structures
that are 1 of protein subunits, such as mi bules, microfil and

ribosomes, are synthesized from molecules within the cytoplasm. The membra-
nous organclles, such as the Golgi apparatus, lysosomes, vacuoles and vesicles, are

bled by the 1 of the endoplasmic reticulum, which is restored and
enlarged by self-asscmbling molecules. Chloroplasts and mitochondrin replicate
themselves from existing chloroplasts and mitochondria, respectively; it is theo-

rized that these organelles have their own chromosomes much as in a prokaryotic
cell. (Some scientists believe that the chloroplast and the mi ion were once
independently living organisms that now live symbiotically in cells.)

The eytokinetic activities discussed above cannot be seen. The visible part of
cytokinesis commences in late anaphase and reaches completion in telophase.
The first sign of cytokinesis is the formation of a cleavage firrow which cuts
across the equator of the cell through the spindle. In animal cells, microfilaments
appear at the furrow which separates the daughter cells. In plants a cell plate sep-
arates the daughter cells. The cell plate is produced from a series of vesicles that
are provided by the Golgi apparatus.

In some algae and fungi, mitosis without cytokinesis is common. When cy-
tokinesis does not oceur, cells with many nucle:r but without separating mem-
branes or walls result. Plant bodies made up of multinucleated cells without mem-
brane or cell wall scparations are deseribed as being coenncytic.

PHASES OF MEIOSIS

Meiuosis, or reduction division, is a kind of cell division that oceurs in the primary
sex cells leading to the formation of viable ¢gg and sperm cells. The purpose of
meiosis is o reduce the number of chromosomes to one half in each gamete so
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Telophase I Four Haploid Cells

Fig. 3.26 Stages of meiosis

that upon fertilization (the fusing of sperm and egg nuclei) the species chromosome
number is kept constant. If the g ined the full pl of ch
somes, on fertilization the number would be doubled. Instead, a gamete contains the
haploid or monoploid number of chromosomes, one of each type of chromosome.

Meiosis occurs in primary sex cells—oocytes in the female, spermatocytes
in the male—which have the diploid chromosome number. The process includes
two cell division events—Meiosis I and Meiosis [I—coming one after the other
(Fig. 3.26).

Meiosis |
The stages of Meiosis I result in the reduction of the number of chromosomes.

Prophase |

1. The chromosomes become shorter and thicker.

2. The nucleolus disappears.

3. Chromosomes pair with their homologues (mates) forming a group of four
chromatids referred to as a retrad.

4. The tetrads wrap around each other (synapse) and may exchange like parts.

5. The centricles migrate and the spindle fibers appear.

6. The nuclear membrane disappears.

Metaphase |

1. The tetrads move as a unit to the equator.
2. The centromeres (kinetochores) of each of the homologous pairs of chromo-
somes become attached to spindle fibers extending from opposite poles.
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Anaphase |

1. Each pair of doubl: led ch (a set of sister chromatids) is
pulled away from its homologue toward opposite poles.
2. The centromeres do not uncouple and the sister chromatids remain attached.

Telophase |

1. The cl are double. ded

2. In some organisms the nuclear membrane reappears; in others, it does not and
Metaphase II starts i diatel

Interkinesis

1. The chromosomes disappear.

2, There is no replication of DNA.

3. Two haploid nuclei are present.

4. Interkinesis lasts for a very short time.

Meiosis I

The stage of Meiosis 11 results in the of the ch id: inating in

four haploid cells.

Prophase Il

1. The chromosomes reappear as do the spindle fibers.
2, The centrioles migrate to opposite poles.

Metaphase Il

1. Spindles form.

2. The doubl led ch migrate to the equator. Their centromeres
become attached to the spindle fibers.

3. The centromeres uncouple as they did in mitosis.

Anaphase II
The ch pull apart to opposite poles.

Telophase Il

1. Four haploid nuclei are formed. Each nucleus has one member of each pair of
chromosomes that began the original meiosis.

2. The nuclear membrane reforms.

3. Cytokinesis comes to completion.

Mechanically, Meiosis I is primarily a mitotic division. As in mitosis, the
chromosomes do not synapse. Since the nucleus is now haploid, there are no ho-
log: b yme pairs. Each doubl ded ct moves to the
equator independently, not being hed to the spindle with a homologue. Each
haploid cell produced during Meiosis [ divides again during Meiosis I1, produc-
ing four new haploid cells.
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Connecting Through Chapter Review

WORD-STUDY CONNECTION
acid ex0cytosis passive transport
active site flagella pectin
active transport fluid mosaic peroxisome
cell model phagocytosis
cell cycle Golgi body pinocytosis
cell L glycalysi: plasma membrane
cell plate glyoxysome plasmolysis
cell theory haploid number plastid
cellulose induced fit prokaryote
centriole inorganic prophase
centromere interphase protoplasm
chlorophyll Iysosome replicate
chloroplast meiosis resolving power
chromatin mesosome reticulum
chromosome metaphase ribosome
cilia microfilament selectively permeable
cleavage furrow microtubule specificity
cristae itochondrion dium/p
cytokinesis mitosis ion exchange pump
cytoplasm monosaccharide stroma
cytoskeleton multicellular substrate
diffusion nanometer system
diploid number nucleic acid telophase
disaccharide nucleolus thylakoid
DNA nucleus tissue
endocytosis organ uniceliular
endoplasmic organelle vacuole
enzyme organic vesicle
cukaryote osmosis

SELF-TEST CONNECTION

PART A. Completion. Write in the word that correctly completes each statement.

1.
2.
3.
4.
5.

6.

o

The largest organelle in the cell is the 1.

The general term given to the movement of materials into and out of cells is ..2..
The movement of water across a cell membrane is known as 3.

Solid particles are ingested by cells through a process known as 4.

. The flow of circulating materials inside of a cell is directed by protein struc-

tures known as ..5..

The network of membranous canals that are spread through the cytoplasm are
known collectively as the ..6..

Globular proteins are embedded in the ..7.. bilayer in the cell membrane,
Small storage areas in the cytoplasm of animal cells are known as 8.
Proteins for export are synthesized by ..9.. that are attached to membranes of
the endoplasmic reticulum.
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10. The granular stage of the fine threads that are contained in the nucleus dur-
ing interphase is known as ..10..

11. Cell walls of green plants are for the most part made of the compound ..11..

12. Plant cells are colored green by the pigment named ,.12..

13. Protists use for locomotion fine cytoplasmic hairs known as flagella and
kN

14, The type of tissue that covers and lines organs is ..14.. tissue.

15, Cells specialized for the carrying of nervous impulses are nerve cells, also
known as ..15..

16. The nanometer is the unit used to measure objects resolved by the .. 16.. mi-
CTOSCOpe.

17. One micrometer is equal to 0.001 of a ..17..

18. All cells arise from pre-existing ..18..

19. The symbaol 2V refers to the ..19.. number of chromosomes.

20. Meiosis takes place in egg and sperm cells which are known collectively as
20,

21. Mitosis is a process in cells that involves the ..21.. and its chromosomes.

22. Mitosis takes place during the ..22.. phase of the cell cycle.

23. The G-1, 8, and G-2 phases of the cell cycle are known collectively as ..23..

24. As a direct result of mitosis, the parent and daughter cells have .24.. genetic
material.

25. The formation of the cleavage furrow signals the onset of ,.25..

PART B. Multiple Choice. Circle the letter of the item that correctly completes

each statement.
1. Multicellul isms are produced from
(a) one cell (¢) three cells
(b) two cells (d) four cells
2, The fine structures of the cell can be seen with the
(a) naked eye (¢) phase contrast microscope
(b} light microscope (d) electron microscope
3. The cell’s energy is used in the process of
(a) passive transport (¢) diffusion
(b} active transport (d) osmosis
4. Because the cell membrane is highly selective in regard to the materials that
can cross its boundary, it is described as being
(a) selectively porous (¢} selectively fluid
{b) selectively permeable {d) selectively solid
5. The shrinking of cytoplasm due to the loss of water molecules is known as
(a) evaporation (<) diffusion
{b) osmosis (d) plasmolysis

6. Molecules carried to the cell surface by vesicles are forced out of the cell by
the process of

() exocytosis (c) facilitated transport
(b) endocytosis (d) adsorption
7. The most numerous organelles in the cell are the
(a) mitochondria (c) ribosomes
(b) lysosomes (d) microtubules

8. Fluid substances for export outside of the cell are stored temporarily in the
membrane of the
(a) ribosomes (€) endoplasmic reticulum
(b} lysosomes (d) Golgi apparatus
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9. Proteins are synthesized and temporarily stored in the

(a) ribosomes () nucleoli
{b) mitochondria (d) lysosomes
10. The internal b of the mitochondria are known collectively as
(a) grana () mesosoma
{b) thylakoids (d) cristae
11, Cell sap is stored in areas of plant cells known as
(u) lysosomes (c) vesicles
{b) centrosomes (d) vacuoles
12. Thylakoids are the same as
(a) cristac (c) grana
(b) nucleoli (d) stroma
13. The type of tissue that is specialized to respond to stimuli itted by
motor nerve cell is
(a) blood (c) connective
(b) muscle (d) bone
14. A nonliving matrix is most correctly associated with the type of tissue clas-
sified as
(a) epithelial (c) connective
(b) muscle (d) nerve
15. A type of plant tissue specialized for conducting water and its dissolved
materials is
(a) vascular (c) fundamental
(b) epidermal (d) collenchyma
16, The two strands that make up a chromosome are the
(a) centromeres (€) centrioles
(b} chromatids (d) spindle fibers
17. The red blood cells of birds
(&) lack nuclei (€) divide asexually
(b) carry out mitosis (d} do not cycle

18. Passive transport requires
(a) a semipermeable membrane
(b} chemical energy from ATP
(¢} heat cnergy
(d) an ion transfer pump
19. Examples of passive transport are
(a) diffusion and osmosis
(b) osmosis and endocytosis
(¢} diffusion and exocytosis
(d) endocytosis and exocytosis
20. Solid particles are engulfed by cells during a process called
(a) phagocytosis (c) exacytosis
(b) plasmolysis (d) pinocytosis
PART C. Modified True-False. If a statement is true, write “true™ for your an-
swer. If a statement is incorrect, change the underlined expression to
one that will make the statement true.

1. Scientists believe that cell shape scems to be related to the age of the ecll.

2. Groups of similar cells that work together to do a particular job are desig-
nated as systems.

3. Large organisms have fewer cells than small organisms.

4. The parts of a cell are known as organs.



CONNECTING THROUGH CHAPTER REVIEW 51

5. Passage of materials into and out of the cell is controlled by the cell wall.

6. Another name for “cell drinking” is imbibing.

7. All of the material that is outside of the nucleus and inside of the cell mem-
brane is called protoplasm.

8. Aside from the nucleus, the ¢entriole is the largest organelle in the cell.

9. Areas in plant cells that store starch and pigment molecules are given the

general name of plastics.
10. The food- mnklng process of green p]ants is known as mtrom
11. The names Schleiden and Sck y 1ated with the
chromosome theory.

to discase organi that

12. A type of white blood cell s
enter the body is the w

13. Another name for involuntary muscle is striated muscle.

14. Tracheids and vessels are best associated with phloem tissues.

15. As a result of mitosis, the daughter cells receive the haploid number of
chromosomes.

16. The number of chromosomes in a human skin cell is 23.

17. Chromosome replication takes place during prophase.

18. Ultracentrifugation of tissue cells sep cellular ¢ 11 ding to
function.

19. Plasmolysis is the shrinking of peroxisomes due to water Joss.

20. The sodium/potassium pump forces sodium ions out of the cell.

CONNECTING TO CONCEPTS

1. Why is the cell the unit of life for all living things?

2. Why is the selectivity ufthe cell t |m'pomnnn1he1|fe of the cell?

3. What is the relationship E the end: i iculum and transport?

4, Why do cytologists [cell biologists) take npan cells and separate the
organelles?

5. How does the cell cycle differ from cell division?

ANSWERS TO SELF-TEST CONNECTION

PART A

1. nucleus 14, epithelial
1. transport 15. neurons

3. osmosis 16. electron

4. phagocytosis 17, millimeter
5. microtubules 18. cells

6. endoplasmic reticulum 19. diploid

7. phospholipid 20. gametes or sex cells
8, vesicles 21 nucleus

9. ribosomes M

10, chromatin 23, interphase
11. cellulose 24, identical
12, chlorophyll 25, cytokinesis

13. cilia
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Connecting to Life/Job Skills

PART B

La 8.d 15. a
2.d 9 a 16. b
Lb 10, d 17. d
4.b 1. d 18. ¢
5.d 12. ¢ 19, a

6. a 13. b 20. a

T e ¢
PART C

1. function 11, cell

2. tissues 12. leucocyte
3. more 13. smooth
4. organelles 14, xylem

5. cell membrane 15. diploid

6. pinocytosis 16. 46

7. eytoplasm 17. interphase
8. mitochondrion 18, weight

9. plastids 19. cytoplasm
10. photosynthesis 20, true

There is an increasing need for laboratory technicians. The work of the labora-
tory technician |nvuhcm a kmd of scu:ntlfic problem-solving, usmg th:: Imuwl-

edge of science and | v il ive tools. Medical lal

work under the direction of a physmm ina husp:tnl laboratory; they pcrform tests

and keep records of the results. In a y & hnician works un-

der the direction of a scientist, testing products to d pli with gov-
fards. The basic education for a lak y technician is usually two

years of study in a community college, with a concentration on courses in biology,
chemistry, and physics. Many technicians go on to earn four-year college degrees.
On-the-job training in the specialized equipment needed in a given laboratory is
usually provided. You may wish to search the Internet for more information.

Chronology of Famous Names in Biology _

1665 Robert Hooke (England)—was the first to view the pores in cork
through the microscope and applied the word cell to these box-like

Structures.

1702 Antonie van Leeuwenhoek {Netherlands)—described red blood cells
and protists.

1828 Robert Brown (England)—discovered and described the nucleus in
orchid plants.

1830 Johann Evangelista Purkinje (Bohemia)—described the nucleus of

the hen's egg.



1835

1838

1839

1858

1869

1898

1938

1945

1949
1952

1953

1954

1956

1960

1962

1962

1974

1997
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Felix Dujardin (France)—described ccll sap as the essential sub-

stance of life,

Matthias Schieiden and Theodor Schwann {Germany)—formulated

the cell theory: all living organisms are made of cells.

Johann E lista Purkinje (Bohemia)—i d the term proto-

plasm.

Rudalf Virchow (Germany)— founded the study of cellular pathology

and discovered that new cells could arise only from existing cells.

Fredrick Miescher (Switzerland)—was the first to isolate nucleic

acid, which he did from pus cells.

‘Walther F1 g (Austria)—di i and described mitosis in

the cells of mphiblous larvae. He called mitosis “the dance of the

chromosomes.”

Camillio Golgi (Italy)-—discovered the membranes known as the Golgi

apparatus by staining cells with silver nitrate and osmium tetroxide.

James Danidelli (United States) ly described the phosph

lipid layers of the cell membrane.

Albert Claude (Belgium) and Keith Porter (United States)—discov-

ered the endoplasmic reticulum.

Christian de Duve (Belgi i g1

Fritiofl Sjuﬂnnd {Swede’n] and Genrge Palade (United States)—dis-
d cristae in the mitochondria

Keith Porter (United States)}—gave the name endoplasmic reticulum

to the k of t in the cytopl
George Palade (United Smm}—dnscm'ercd nbo:wmes In 1956 he
1 the function of rough endopl

Philip Siekevitz and George Palade (United States)—isolated the ri-
bosomes,

Hans Moor (Switzerland)—developed the freeze-fracture technique
used to study the interior of membranes.

Earl W. Sutherland (United States)—di: 1 the role of cyclic
AMP in the transport of certain hormones across the cell membranes.
He was awarded the Nobel Prize for this work in 1971.

Marshall Nirenberg, Severo Ochoa, and Har Gobind Khorana
{United States)—deciphered the genetic code.

5.J. Singer (United States)—proposed the “fluid mosaic™ model of
the cell membrane.

Edwin Taylor (United States)—discovered the role of microtubules in
mitosis,

Christian de Duve (Belgium}), Albert Claude and George Palade
{United States}—won the Nobel Prize for discovering the submicro-
scopic structures of the cell and determining their functions,

Hagan Bayley (United States)—devised a method of building artifi-
cial pores in the cell membrane.




CHAPTER 4

THE CHEMISTRY OF LIFE

In this chapter you will Jeam som,c basic prmmpl:s ofchmmsrry and the ways
in which atoms, el and p are d in
changes,

Some Basic Principles of Chemistry
MATTER AND ENERGY

Matter is anything that occupies (takes up) space. Matter may be solid or liquid
or gas. It may be visible, as an iron nail, or invisible, as oxygen gas. The amount
of matter in a substance is called its mass. The pull of gravity on the mass of a
substance is weight. The greater the mass, the greater the weight. Previously, you
read that energy is the ability to do work. Expressed another way, energy is also
the capacity to move matter. Matter and energy cannot be separated from the
processes of life.

ATOMS, ELEMENTS, AND COMPOUNDS

All matter is made up of atoms, particles invisible to the eye and to enlarging in-
struments. There are currently more than 110 different kinds of atoms that com-
bine in different ways to form a variety of substances, The number of substances

in the world is d in the hundreds of tt ds. Tt the kind of matter
in the world is almost infinite. A substance (mnner] made from the same type of
atom is an element. Iron, sulfur, and calcium are A sut made of
two or more kinds of atoms held together in chemical bination is a

By looking at a substance you cannot tell whether it is an element, made of
the same kind of atom, or a compound, made of different atoms. For example,
through chemical analysis it can be shown that iron is an element, made of iron
atoms only, while water is a compound, made of two different atoms, hydrogen
and oxygen. Examples of other compounds are sugar, starch, and salt.
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TABLE 4.1. Twelve Elements Important in Cell Biology

Name of Element Atomic Name of Element Atomic

Symbol Number Symbol Number

hydrogen 1 phosphorus 15
H P

carbon 6 sulfur 16
Cc S

nitrogen 7 chlorine 17
N Cl

Ooxygen 8 potassium 19
(o] P

sodium 1 calcium 20
Na (natrium) Ca

magnesium 12 iron 26
Mg Fe (ferrum)

Table 4.1 lists twelve elements that are important in the life processes of cells.
Notice that each element has a symbol that begins with a capital letter, while the
name of the element begins with a small letter, In most cases, the symbol consists
of the first letter or the first two letters of the name of the element. For example,
H is the symbol for hydrogen; Ca, for calcium. In some cases, to avoid confusion,
the symbol is taken from the element’s Latin name; K for potassium is derived
from kalium. You will also notice that an atomic number is given for each ele-
ment. In the next section you will learn about the significance of this number.

GENERAL STRUCTURE OF ATOMS

All chemical activity depends on atoms, the building blocks of elements and
I is. Although invisible, atoms are made up of still smaller particles. In
the center part of the atom is the nucleus. The nucleus ins p and new-
trons, which are smaller structures. In orbits outside the nucleus are other small
structures known as electrons.
Figure 4.1 shows the structure of the atom. The nucleus contains one or more
protons and one or more neutrons. Protons have a positive electric charge of one

@ Electron

Shell or Energy
level (Orbit)

Nucleus g'- :r::_:n

Fig. 4.1  Structure of the atom
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unit. Neutrons have no electric charge, but do have mass (weight) that almost
equa]s the mass of a proton. Revolving around the nucteus are electrically

I particles called el Electrons have a ncgative charge. (Electric
harges are either positive or negative.) The number of protons in the nucleus
equals the number of electrons in the atomic orbitals.

ELEMENTS: ATOMIC NUMBER AND ATOMIC MASS

ISOTOPES

The number of protons in the nucleus of an atom is known as its atomic number,
The element hydrogen has one proton in its nucleus, making its atomic number 1.
Calcium has 20 protons in its nuclews, and therefore its atomic number is 20.
Each element has its own atomic number. Since the number of protons in a neu-
tral atom equals the number of electrons, there is no electric charge on the atom.
The number of pasitive charges cancels out the number of negative charges, so
that the atom is electrically neutral.

The mass number is the sum of the protons plus the neutrons in the nucleus. In
the nucleus of calcium, for example, there are 20 protons and 20 neutrons, Adding
the number of protons and the number of neutrons results in a mass number of 40.
Protons and neutrons are measured in units called dadtons, Each proton and neutron
weighs slightly more than one dalton, Therefore, the atomic mass of an element is
slightly greater than the mass number. Tum to Table 4.2, Modern Periodic Table. Find
calcium (Ca) in the Group 2 elements. Note that the atomic mass is recorded as
40.078, indicating that the combined mass of the protons and neutrons in calcium is
slightly greater than the sum of these particles. In some textbooks, you may find the
terms atomic mass and atomic welght used interchangeably.

Atoms of the same element have the same atomic number, that is, number of pro-
tons, but may differ in atomic mass. Such atoms are called isotopes. The differ-
ence in atomic mass is caused by a variance in the number of neutrons in the nu-
cleus. For example, most oxygen atoms have 8 neutrons in the nucleus, resulting
in an atomic mass of 16 (8 protons and 8 neutrons). There are, however, two other
kinds of oxygen atoms. One of these has 9 neutrons in the nucleus and therefore
an atomic mass of 17. Another type of oxygen atom has 10 neutrons in the nu-
ch:us and consequently an atomic mass of 18, These three kinds of oxygen atoms
are isotopes. The bols for these isotopes of oxygen are as follows: '%0; 170,
I60y,

All elements have isotopes. The most common type of hydrogen atom has |
proton in its nucleus. However, one isotope of hydrogen has 1 proton and 1 neu-
tron in its nucleus and thus an atomic mass of 2. Another isotope of hydrogen has
an atomic mass of 3 because there are 2 neutrons in the nucleus. The symbols for
the isotopes of hydrogen are as follows: H; 2H, "H.

The Periodic Table of the Elements

In the discussion of mass number, you were referred to Table 4.2 to find the atomic
mass number of calcium. You may have noticed that the Periodic Table has 112 el-
ements arranged according to their atomic numbers. (Of the 112 currently knuwu
clements, 92 are natural; the others are products of nuclear h.) R
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that the atomic number is the number of protons in the nucleus of an atom, and
these particles equal the number of electrons that orbit the atomic nucleus. The
Feriadic Law swtes that the propertics of elements are periodic functions of their
atomic numbers. The horizontal rows of the 1able are called periods or rows. Each
period begins with an element that has one valence clectron and ends with an ele-
ment that is inactive, The vertical columns in the Periodic Table are called groups
or families. The elements in a family have related properties. Note that each cle-
ment is placed in a single box. The information given about each element is its
symbol, name, atomic number, atomic mass {weight), oxidation state, and elec-
tron configuration. At times, a kind of chemical shorthand is used to give infor-
mation about an element. For example: the element helium may be written as JHe.
The subscript number 2 indicates the atomic number of helium. The superscripr
number 4 stands for the mass number. Basic information about the behavior of ele-

ments is y to the understanding of many biological p

Chemical Bonding
COVALENT BONDS

Electrons occupy shells, or energy levels, outside the nucleus of the atom. The
first shell can hold a maximum of 2 electrons. The second and third shells are
completed with 8 electrons.

Look at Fig. 4.2. Notice the single electron in shell 1. This shell can hold
2el In order to complete this shell, 1 electron must be added.

Fig. 4.2 Structure of
the hydrogen atom

Now look at Fig. 4.3. You can see that shell 1 is complete with 2 electrons,
Shell 2 has 6 electrons. However, this shell can hold § electrons. In order to com-
plete the shell, two electrons must be added.

Study Fig. 4.4 closely. Two atoms of hydrogen have each shared 1 electron
with an atom of oxygen. Now, the second shell of oxygen has been filled by
2 clectrons from 2 atoms of hydrogen. Atoms of hydrogen and oxygen have
formed a molecule of water. Water is a compound because it is made up of two
different kinds of atoms. The atoms are held together by a force called a chemi-
cal bond. Chemical bonds are the result of attraction of electrons in the outer en-
ergy levels of atoms. A chemical bond that is formed by the shaning of electrons
is called a covalent bond.
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Fig. 4.3 Structure of the oxygen
atom, The outer shell needs 2 more
etectrons for completion.

Fig. 4.4 A molecule

of water A pair of shared electrons

Carbon has an atomic number of 6. This means that carbon has 6 protons and
therefore 6 clectrons. The first shell of carbon holds 2 electrons. The second shell
holds 4 el and can be completed by gaining 4 more electrons. Figure 4.5
provides a graphic ple of lent bonding. Notice how 4 atoms of hydro-
gen share their electrons with an atom of carbon, thus completing its outer shell.
The pound known as methane gas is formed. Water and methane are com-
pounds with single bonds. Each bond consists of one pair of shared electrons.
During covalent bonding, atoms may share two pairs of electrons. A bond that
consists of two pairs of shared electrons is known as a double bond.
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CHEMICAL EQUATIONS

An equation is a statement of equality. A chemical equation represents a chem-
ical reaction between reactanis that results in the formation of products. Let us
consider the formation of water from atoms of hydrogen and oxygen. The reactants
are hydrogen (H;) and oxygen (O,). Remember that hydrogen and oxygen are di-
atormnic molecules and are written with subscripts indicating 2 atoms of hydrogen
and 2 atoms of oxygen. Let us put this information in the form of an equation:

H, + 0, — H,0

Since an equation represents an equality, the number of hydrogen atoms and the
number of oxygen atoms on each side of the yield sign (—) should be equal. On
the left side of the equation above, there are 2 atoms of hydrogen and 2 atoms of
oxygen. On the right side, however, there are 2 atoms of hydrogen but only 1 atom
of oxygen. As written, therefore, this equation does not show equality. To make
the number of atoms on the left side of the equation equal to the number of atoms
on the right side, the equation must be balanced:

2H, + 0, — 2H,0

This equation shows that 2 molecules of hyd bine with | molecule of
oxygen to produce 2 molecules of water. Nnuce that the number 2 was placed in
front of hydrogen on the left side of the equation and in rmnt of water on the right
side. Numbers placed in front of formulas to bal Juation are called co-
efficients. The coefficient is a multiplier for the entire formula Therefore on the
equation left, there are 4 hydrogen atoms and 2 oxygen atoms. On the equation
right, there are 4 hydrogen atoms and 2 oxygen atoms.

The chemical reactions that take place within cells follow the same rules for
the making and breaking of chemical bonds that are discussed in this chapter. You
will learn about a number of chemical ions that are y for prod
storing, and using energy.

IONIC BONDING

An atom has a neutral electrical charge because its number of protons equals its
number of electrons, An atom becomes a charged particle if its outer shell loses
or gains electrons. Charged atoms are called lons. Table 4.1 on page 55 indicates
that the atomic number of sodium is 11, so it has 11 protons in the nucleus and
11 electrons in shells outside the nucleus.

Figure 4.6 shows that there is a single electron in the outer shell of the
sodium atom. To complete the outer shell, sodium must either gain 7 electrons or

Fig. 4.6 A sodium atom
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11, whereas the number of el is reduced to 10. Therefore a sodium ion has
an excess of 1 positive charge,

Table 4.1 indicates that the atomic number of a chlorine atom is 17. How
many protons are in the nucleus, and how many electrons are in the energy levels
that d the nucleus? Figure 4.7 indi that the outer shell of chlorine
contains 7 electrons. You know that 8 electrons complete shell number 3. 1s it eas-
ier for chlorine to gain 1 electron or to lose 7 electrons? The answer is obvious, If
chlorine gains an electron, there will be 17 protons in the nucleus and 18 electron
shells outside the nucleus. The result is an excess of | unit of negative charge. The
charged chlorine atom is now an ion with a negative charge and is represented by
the symbol CI~.

When an atom of sodium (Na) is made to react with an atom of chlorine (C1),
the gain and loss of electrons as described above takes place. The single electron
in the outer shell of Na transfers onto the outer shell of Cl, forming a chemical
bond resulting in the compound sodium chloride (NaCl). The bond formed be-
tween Na and Cl is an fonie bond (Fig. 4.8). onic compounds do not form mole-
cules. Each sodium ion is attracted to several chlorine ions, and each chlorine ion
is attracted to several sodium ions, forming collections of oppositely charge ions.

Connecting Through Chapter Review
WORD-STUDY CONNECTION

activation energy electron product
atom element properties
atomic mass empirical formula proton
atomic number ion radioactive
balanced equation ionic bond Teactant
chemical bond isotope shell
chemical change mass structural formula
chemical reaction matter subscript
coefficient molecular formula superscript
compound molecule symbol
covalent bond neutron
diatomic molecule nucleus

SELF-TEST CONNECTION
PART A. Completion. Write in the word that correctly completes each

statement.

1. Anything that takes up space is called ..1..

2, The pull of gravity on the mass of a substance is known as .2..

3. The smallest part of an element that retains the properties of the element is
the .3..

4. Each element has specific ..4.. that make it different from any other element.

5. A substance made of two or more kinds of atoms is a (an) ..5..

6. An element is made of the same kind of ..6..

7. Each element has been given a symbol that begins with a ..7.. letter.
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5.

16.

17.

18.

19.

20.

Water is a (an})
(a) element (¢) formula
(b) atom (d) compound
. The symbol for iron is
(a) 1 {c) F
(b) Ir (d) Fe
. The center of an atom is its
(a) core (¢) hub
(b} nucleus (d) centrum
Mass is properly defined as the pull on matter of
(a) gravity (¢) pressure
(b) force (d) energy
. Charged particles that rotate around the nucleus of an atom are called
(a) electricity () electrons
(b) protons (d) energy
The atomic mass number of an el is obtained by adding togeth
number of
(a) protons and electrons () electrons and nuclei
(b) electrons and neutrons (d) protons and neutrons
Isotopes of an element differ in the number of
(a) protons (e) electrons
(b) neutrons (d) electrical particles
OFf the following, a true statement about an atom is
(8) an atom has excess electric charges
(b) an atom has an unstable nucleus
{c) the energy shells are visible inside the nucleus
(d) an atom is electrically neutral
Most hydrogen atoms lack a (an)
(a) proton (e) nucleus
(b} neutron (d) electron
A pair of shared electrons forms a (an)
(a) covalent bond (e) unstable bond
(b) ionic bond (d) radioactive bond
. The force that holds atoms together is known as a (an)
(a) atomic bond (¢) isotopic bond
(b) chemical bond (d) covalent bond
The number of known elements is approximately
(a) 120 (c) 110
(b) 115 (d) 112
The sodium ion is represented by the symbol
(a) So™ () Na*
(b) So- (d) Na-
In a chemical formula, each el is reg 1 by its
(&) atomic number {¢) atomic mass
(b) chemical symbol (d) electric charge
Covalent bonding occurs between atoms in
(a) calcium (e) salt
(b) sodium {d) water
The proportions in which atoms combine are shown by numbers called
{a) superscripts (c) exponents

(b) subscripts {(d) primes

the



CHAPTER D

THE BASIC CHEMISTRY
OF CELLS

I n this chapter you will find out how energy is released from fuel molecules and
used to build other compounds.

The Cell as a Chemical Factory

Most of the activities of the cell involve chemical ct Small melecules may
be joined together to form larger ones. Complex substances may be broken down
into their smaller units. Materials are changed from one form to another, used up,
or synthesized (put her) during bi 1 activities that take place in cells.
The cell is !1Im'ned to a “chemical factory™ that uses some of the elements present
in the nonliving envi Of the el in the living material of the cell,
carbon, hydrogen, oxygen, and nitrogen are present in the greatest amounts. Sul-
fur, phosphorus, magnesium, iodine, iron, calcium, sodium, chlorine, and potas-
sium are found in smaller quantities, These elements are present in inorganic and
organic compounds that are utilized by the cell.

INORGANIC COMPOUNDS

are pounds that do not have the elements carbon and
hyd in chemical bination. The inorganic compounds in greatest per-
unugcs in cells are water, mineral salts, inorganic acids, and bases. For example,
hydrochloric acid (HCl), an inorganic ac1d. is produced by the gastric glands in
the h, acidifying he

ORGANIC COMPOUNDS

Organic compounds are compounds that contain thc elements carbon and hy-
drogen in chemical combination. Organic p are produced by living
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plants and animals and can be synthesized in the lat 'y, as well. The special
bonding property of carbon permits it to form compounds that are structured as
long chains of atoms or as rings of atoms. The types of organic compounds that
are contained in the living material of the cell and used in its chemical activities
are carbohydrates, lipids, proteins, and nucleic acids.

Carbohydrates

Carbohydrates are organic compounds that include all starches and sugars, Car-
bohyd contain the ¢l carbon, hydrogen, and oxygen. Usually, for every
two atoms of hydrogen there is one atom of oxygen. In other words, hydrogen and
oxygen are present in the ratio of 2:1.

All starches and sugars are built from the basic unit CgH,,0;, glucase, a
monosaccharide or single sugar. Figure 5.1 shows the structural formula for glu-
cose, Examples of other monosaccharides are fructose (fruit sugar) and ribose
(found in nueleic acids).

H

1
H—?—DH

H C—0 . H
NN
A 1A
HO é_é/ou

Fig. 5.1 Structural formula for 1 |
the monosaccharide glucose H OH

Within living cells, molecules of monosaccharides (single sugars) may com-
bine chemically. When two molecules of single sugars are combined chemically,
a double sugar or disaccharide is formed. As the two molecules of single sugars
are joined, a molecule of water is produced in addition to the disaccharide. When
four molecules of single sugars are joined chemically, two molecules of water are
formed. The chemical joining of several small molecules to produce a larger mol-
e:uIe is ca.lled synthesis. The fmmnnn uf water during synthesis is known as de-

hesis. Dehydrati is makes possible the close “packaging™
of mmplex maolecules. Flgure 5.2 shows in smlmmll formula format the forma-
tion of the disaccharide maltose,

! i i i
H=C—0H H=C—OH H=C-oH H=C—OH
H =0, H H 0 0 H H —0, H
\c/,', N/ \c/i \C/ \C/E \ / \C/E N/
H O H OH H
N gmmmmad \ ~p N
FAVENw A VA ITE Vil 2l Vil
[ iy [ [
HooH 1mw:fw HooH oW H o OH

Fig. 5.2 Dehydration synthesis, in which two single sugars
combine to form the double sugar maltose
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i 1
P H . i

i

PN

! N c [ !

! i

: [ /'L\ \ OH |
Pt A !
LI 1 I
aming group {acid) group carboxyl

Fig. 5.4 Generalized structure of an amino acid. ® represents
a variable group and is the basis for the variety of amino acids.

right end of the amino acid molecule is a carboxy! or acid group, which contains
the elements carbon and oxygen and a hydroxyl (OH) group. The center of the
molecule contains carbon, hydrogen, and an “R” group, that is, a variable group,
thereby allowing for variety among the amino acids.

Twenty amine acids are found in living cells; these are called essential amino
acids. However, some proteins are composed of special amino acids, usually
formed by a change in a common amino acid, that supplement the basic sct of
twenty essential amino acids.

Like comph bohydrates, proteins are formed by dehydration synthesis
when two or more a.nuncl acids are joined chemically. Dipeptides are formed
when two amino acids are joined together (Fig. 5.5). Polypeptides are formed by
the dehydration synthesis of a number of amino acid groups. A protein is usually
made up of one or more polypeptides,

N SV N R
AT 0 MY T /Hf'CT/'" e
H R OH H L o H R H H 0
(peptide bond)
Amino acid + amino acid —_— dipeptide + water

Fig. 5.5 Formation of a dipeptide

The number of different proteins is enormous. Variety in proteins is made
possible by variability in structure. Although proteins have a basic structural sim-
ilarity, each kind is different because of the number, types, and order of amino
acids that compose it.

Proteins are the most abundant of the organic compounds in body cells. They
compose all of the fibrous structures in the body, including hair, nails, Ji
the microfilaments in cells, and the myofibrils of muscles. They also form part of
hemoglobin, certain hormones such as insulin, and thousands of enzymes that
control biochemical processes of cells. Proteins are assimilated into protoplasm
and are vital to the formation of DNA molecule& Proteins are also necessary in
forming antibodi lecules that an imp part of the i
system which functions to ward off diseasc, and in regulating the water balance
and acid-base balance in the body.
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n MALTASE

MALTASE

&OH OHA

MALTASE

N\ o

‘ A MALTASE
VNN

Fig. 5.6 The enzy l lyzes the joining of two molecules of the single

sugar glucose (G) to form one molecule of the double sugar maltose. Note that
ftase is neither changed nor used up.

ENZYMES AND pH
The strength of an acid or base (alkali) is measured by its pH (see the accompa-
nying table). An acid is a sut that rel hydrogen (H*) ions in soluti
The greater the number of hydrogen ions released, the stronger the acid. Thus pH
is the of H* ion. On the pH scale, the measure of acidity

ranges from 0 to 6; the stronger the acid, the lower the pH. Therefore gastric juice,
measuring | on the pH scale, is far more acidic than saliva, which has a pH of 6.
Neutral substances, such as pure water, measure 7 on the pH scale.
A base, or alkali, is a substance that releases hydroxyl (OH") ions in solu-
tion. The strength of the base depends on the number of hydroxyl ions released in
lution. The bers 1 8 and 14 on the pH scale represent bases of in-
creasing strength; the higher the pH reading, the stronger the base. Therefore mo-
lar sodium hydroxide, which has a pH of 14, is a much stronger base than seawa-
ter, which measures 8 on the pH scale.
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Scale of pH Values
pH  Example

1 Molar nitric acid
Gastric juice
Lemon juice
Vinegar
Tomato juice
Sour milk
Saliva

Pure water
Scawater
Baking soda
Great Salt Lake
Liquid soap

12 Washing soda
i3 Oven cleaner

14 1 Molar sodium hydroxide

Coomu b WwN =D

The pH influences enzyme activity. The stomach enzyme, pepsin, works
most eﬁ‘ectmely in a strongly acidic emqmmnmt (The pH of gastric juice is 1.}
Most , cannot fi to ions if the pH of their en-
vironmental solutions is not neutral, It seems as though the presence of too many
hydrogen or hydroxyl ions interferes with the conforming shape of the enzymes.

HOW ENZYMES WORK
Enzyme-Substrate Complex

Biochemical evidence provides insight into how enzymes work. The surface con-
figuration of an enzyme is known as its active site. The substrate is the substance
upon which the enzyme works. An enzyme affects the rate of reaction of the sub-
strate molecule that fits the enzyme's activity site. In order for this to happen, a

close physical association must take place b and sut This as-
sociation is called the enzyme-substrate complex (F:g 5.7). While the enzyme-
substrate complex is formed, the internal energy state of the substrate molecule is

& ook

+ Substrate — Enzynn—luhm—-ﬁnz}m + Products of
Reaction

Fig. 5.7 E bstrat I
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changed, bringing about a chemical reaction. As spon as the reaction is com-
pleted, the enzyme and the products separate.

Each enzyme works at its own maximum rate. The rate at which an enzyme
can catalyze all of the sul lecules that it can in a given time is called the
turnover number. Different enzymes have different turnover numbers. However,
the general rate of enzyme action is influenced by certain environmental condi-
tions such as temperature and relative amounts of enzyme and substrate.

“Lock and Key” Model

Traditionatly, a simple analogy has been used to explain the specificity of en-
eymes. Specificity refers to the characteristic of enzymes that permits a particu-
lar enzyme to form a complex with a specific substrate molecule only. The “lock
and key™ analogy explains enzyme specificity: the substrate is viewed as a pad-
lock, and the enzyme as the key able to unlock it. When unlocked (in the analogy)
or acted upon by the key, the padlock comes completely apart. The key remains un-
changed and ready to work again on another padlock of the same type (Fig. 5.8).

LB=9P=-¢ B

sl

Key Padlock Enzyme-Substrate Key Products
{enzyme  {substrate Complex {enzyme
molecule)  molecule} molecule)

Fig. 5.8 “Lock and key” analogy of an enzyme and its substrate

Induced Fit Theory

Newer biochemical evidence, however, supports the induced fit hypothesis as an
explanation of the specificity of enzymes. Biochemists now tell us that the active
site on the enzyme is not rigid, as suggested in the “lock and key” analogy. As the
substrate attaches to the enzyme’s active site, the site changes shap: 1o fit the sub—
strate. The substrate, now joined to the enzyme’s active site, |

and the stress weakens certain chemical bonds in the substrate. The weakened
bonds give away, and the substrate becomes broken into parts. At the end of this
reaction, the substrate and lh: enzyme sef The enzyme is unaltered, but the

I has been chemi }

Iy

CONDITIONS AFFECTING THE ACTION OF ENZYMES

Enzymes catalyze some chemical reactions. Enzymes can help small molecules

join together to form larger ones, and enzymes can also assist in the breaking

down of compounds into smaller units. However, do not cause

to take place. They speed up the rates of reaction between molecules, thus de-

creasing reaction time. The rate at which an enzyme works is not fixed, but varies
ling to the envi I conditions of the cell and the reacting substances.

Three factors affect enzyme activity.
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Temperature

In order for enzymes to work, they must come into contact with lheu' substrate
molecules. Random motion of molecul brmgs ¥ and into
close physical association. As the temp the random motion of mol-

ecules, and thus the rate at which enzyme and substrate molecules meet, also in-
crease, Normal body temperature of human beings is 98.6°F (37°C), and enzymes
work well at this temp If the temp is increased to 40°C, enzymes in
human cells become misshapen and lose their function. Distorted enzymes are said
to be “d d." The temp at which an enzyme works best is the opti-
mum temperature. Study Fig. 5.9. Can you d ine the opti
for this enzyme?

P ¥

Relative

of

Enzyme
Action

10 20 30 40 50 60
Temperature (°C)

Fig. 5.8 Rates of enzyme action at various temperatures

Amounts of Enzyme and Substrate

The rate of enzyme action also varies according to the number of free substrate
molecules. Let us suppose that in a cell there are a certain number of enzyme mol-
ecules. To this system a large number of substrate molecules are added. The rate

of enzyme action will tend to i when the ion of sut is in-
creased (Fig. 5.10). The increase in rate nf:nzymeacuw“qllommmfnra
while and then level off as long as the enzy The

amount of substrate (or amount of enzyme) is referred to as the concentration.

Rate of

Action

Increasing Substrate Concentration
(Enzyme Concentration Constant)

Fig. 5.10 The graph shows the pattern of enzyme action rates
when the concentration of substrate is greater than the concentration
of enzyme.
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pH and Enzyme Activity
You have learned that the acidity or alkalinity of a solution is 1 on the pH
scale, On the scale, a pH of 7 indi a neutral solution. Readings below 7 in-

dicate an acid environment in which there is an excess of H+ ions. Readings
above 7 indicate alkaline conditions in which OH- jons are present in excess.
Within cells, many enzyme-controlled reactions work best at pH 7. Other en-
zymes, however, work best within different pH ranges. Figure 5.11 shows the
ranges of pH in which two enzymes work best.

=== gastric protease
— intestinal protease

Action

Fig. 5.11 Opti pH i ts for two

Cellular Respiration

Respiration includes all of the | used by cells to produce usable energy.
Em:zgy enables cells to do the work of building up some molecules [synthcsns}
and ta.'kmg others apart. In living cells, respiration is conti In
F also involves an exchange of oxygen and carbon dioxide between the
ism and its envi
Living cells require a constant supply of energy to fuel the chemical activi-
ties that sustain life. Glucose is the major supplier of the cell’s energy. The cell is
able to extract encrgy from glumse in small packets. The released energy is then
stored in two mol diphosphate (ADP) and adenosine triphos-
phate (ATP).

TYPES OF CELLULAR RESPIRATION

Energy is pmduo:d by the cell during two m.n_]nr phases: anaerobic respiration,
also known as glycolysis, and aerobic i

Anaerobic Respiration

As is implicd by the name, oxygen is not used during anaerobic respiration. Fig-
ure 5,12 provides a summary of the events that take place during this phase of cel-
lular respiration.
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Glycolysis
Ansarobic Respiration
STEP
CgHy204 .
ATP
ADP
CH10 - )
ATP P —CgHyg0g -
Aoed A e 3
CiHsOy P CHs03-(F)...... .. et 4
PGAL (rame ag a1 Teft)
Glyceraldehyde Photphate
2(POy) ———» INAD*
INAH
PNCHOy - ..... e L]
Diphosphoglyceraldehyde
ADP l
A a0 -®
H30 Phosphoglyceric Acid. .. ........ e 1
PGA

Fig. 5.12 Anaerobic respiration, or glycolysis

Anaerobic respiration takes place in the cytoplasm of cells. It begins with a
lecule of gl Itt ivated by energy supplied by ATP. With the
assistance of enzymes, glucose is converted through a series of steps to pyruvic
acid. At cach step either a hydrogen atom is given up or a molecule of water is
formed. Every time a hydrogen bond is broken, energy within the molecule be-
comes a bit more concentrated. This energy is ultimately released to ADP mole-
cules and stored between phosphate bonds. Whenever ADP accepts energy, inor-
ganic phosphate from the cellular fluid is attached to the ADP molecule
upgrading it 1o ATP. There is a net gain of two ATP molecules.

Aerobic Respiration

The aerobic phase of cellular respiration takes place inside the mitochondria, As
the name implies, axygen is used, serving the important function of the final hy-
drogen carrier. Figure 5.13 provides a summary of the events that take place during
aerobic respiration, also known as the Krebs citric acid cycle.
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CiHe0y STEP
Pyruvic Acid )
(2] .\
NAD* Cornzyme A
NADH
€3Hy0 }
Acetyl Coenzyme A 9
[ C4M405 /_,_/-—-...... Citric
- Acid -...,_H
m Hy0 CyHyDr H30 10
CeHeOg
Cir-Acontic
Acid n
CaHg04 NADH
[ — + Malle Acid NAD*
CeHi
H0 e I;D-lglk
.................. e 12
CaHaOy HAD*
[Ep— NADH
Achd
F,
r:gslj ATP NAD+ €0,
ADP NADH
C4Hg0y CsHy0y
&=

Fig. 5.13 Krebs citric acid cycle

Aerobic respiration begins with pyruvic acid which is quickly converted to
acetyl coenzyme A, Through a cycle of chemical changes, fuel molecules are bro-
ken apart bit-by-bit, releasing a great deal of energy that is stored in ATP mole-
cules. Hydrogen atoms from compounds formed during glycolysis and aerobic
respiration then enter the next phase—oxidative phosphorylation.

OXIDATIVE PHOSPHORYLATION

The i e adenine dinucleotide (NAD) receives the hydrog
utoms These hydmgea atoms are pussed aInng an e!cctrw transport chain that is
ided in a mi drial are passed down

the chain of acceptors (Fig. 5.14). M:nnw}u'le, hydmgm protons are pushed to the
outside of the i This establisk dient across the
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CoQHy, 2eyth zr.-ytc 2cytc quta chu
( X X - +£01_.-Hﬁ
NaD* #| M FADH, 1mb mel zmc 2eyta

e+ H
Fig. .14 Steps of oxidative phosphorylation including an el , or cytoct
(eyt), port sy X g to the fi jon of ATP

membrane. Energy resulting from the difference in potential across the membrane
is used to form ATP molecules. At the end of the transport chain, the hydrogen
clectron joins the proton. These hydrogen i ions cumhme with axygen to form wa-

ter. During the el pOTt Process, i shosphate is joined chemi-
cally 1o ADP forming ATP. Therefore, this phase of aemblc respiration is called
axidative phosphorylation,

Connecting Through Chapter Review
WORD-STUDY CONNECTION

acid disaccharide pH
active site cnzyme phospholipid
adenosine diphosphate enzyme-substrate polypeptide
{ADP) complex polysaccharide
adenosine triphosphate glucose protein
{ATP) glycolysis pyruvic acid
aerobic respiration inorganic respiration
alkaline Krebs citric ribonucleic acid
amino acid acid cycle (RNA)
anaerobic respiration lipid substrate
base monosaccharide turnover number
carbohydrate nucleic acid
carboxyl group organic
catalyst organic catalyst
deoxyribonucleic acid oxidative
(DNA) phosphorylation
dipeptide peptide bond
SELF-TEST CONNECTION

Part A, Completion. Write in the word that correctly completes each statement.

1. In living cells, the elements present in the greatest amounts are oxygen, hy-
drogen, nitrogen, and ..1..

2. Water is an ple of a (an) ..2.. compound.

3. Stomach contents are acidified by the compound ..3.. acid.

4. Living plant and animal cells make .4.. compounds.

5. In living cells the elements carbon and ..5.. are found in chemical combination.




6.
1.
8.
9
10.
11.
12.
13.
14.

15.
16.
17.
18,
19.
20.
1.

2.
23
24,
25,
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The special ..6.. property of carbon permits it to form long chains or rings.
Carbohydrates include all ..7.. and sugars.

Carbohyd contain the carbon, hydrogen, and ..8..

Single sugars are classified as .9..

Double sugars are classified as ..10.,

Glucose is an example of a ..11.. sugar.

Complex carbohydrates are known as ..12..

The parts of plants in which cellulose is found are the ..13..

Dehydrati hesis indi that ..14.. is formed when molecules are
chemically joined.

Maltose is an example of a ..15.. sugar.

Maltase is an example of a (an) ..16..

Glycoproteins are compounds made from ..17.. and proteins.

The word synthesize means ..18.. together chemically.

Glycerol and fatty acids form organic compounds known as ..19..

In carbohydrate molecules the ratio of hydrogen to carbon is ..20..

The compounds specialized for passing hereditary information from one
generation to the next are the ..21.. acids,

The initials DNA stand for ..22..

Compounds known as ..23.. control the chemical work of the cell.

A catalyst controls the ..24.. of a chemical reaction.

Rib leic acid functions in the building of ..25..

Part B. Multiple Cholce, Circle the letter of the item that correctly completes

1.

2.

3

4.

5.

each statement.
The ending -ase is used for the names of
(a) enzymes (c) proteins
(b) disaccharides (d) catalysts
Glucose and fructose are examples of
(a) double sugars (c) single sugars
{b) disaccharides (d) polyssacharides
Amino acids are correctly associated with the compounds known as
(a) polysaccharides (¢) lipids
(b) proteins (d) carbohydrates
Polypeptides are correctly iated with the i ds known as
{a) polysaccharides (c) lipids
(b) proteins (d) disaccharides
When two amino acids are joined together, the compound formed is a
(a) polypeptide (¢) polysaccharide
(b) disaccharide (d) dipeptide
6. Substances that block the action of enzymes are known as
(a) protein blocks (c) poisons
(b) coenzymes (d) polypeptides
7. In solutions, pH is a measure of the
(=) acidity (g) strength
(b) longevity (d) activity
8. A base or alkali releases ions of
{a) Na {e) C1
(b} H (d) OH

9. On the pH scale the neutral reading is

(a) 1 ()5
(b 3 )7



84 THE BASIC CHEMISTRY OF CELLS

10. Maltase is best classified as a (an)

(a) single sugar (c) enzyme
(b) acid (d) dipeptide
11. The most abundant organic compounds in the body are
(a) carbohydrates (c) organic acids
{b) proteins (d) lipids
12. Carbohydrates are used by cells as sources of
(a) energy (c) protons
(b) water (d) clements
13, Glycerol and fatty acids join to form
(a) solutions (c) carbohydrates
(b) proteins (d) lipids
14, All of the processes by which cells produce usable energy are known collec-
tvely as
(a) dehydration synthesis (c) respiration
(b) active transport (d) oxidative phosphorylation

15, ATP molecules are best associated with the

(a) “lock and key" theory
(b} storage of energy

(c) enzyme-substrate complex

(d) pH scale

16. Anaerobic respiration takes place in the

(a) nasal passages
(b} cytoplasm of cells

(€) cell membranes
{d) mitochondria

17. Aerobic respiration takes place in the

(a) cell sap
(b) eytoplasm of cells

(€) cell membranes
(d) mitochondria

18. As the result of anaerobic respiration, glucose is converted into

(a) pyruvic acid
(b) fatty acid

(€) amino acid
(d) hydrochloric acid

19. During oxidative phosphorylation, hydrogen ions join with oxygen to form

(a) hydrogen peroxide
(b) water

() ATP
(d) amino acid

20. The function of ATF molecules is the storage of

(a) water
(b) phosphate
21. Another term for glycolysis is
{a) glucose synthesis
(b) protein synthesis

22, The Krebs citric acid cycle results in the formation of molecules of

(c) energy
(d) coenzymes

(c) aerobic respiration
{d) anaerobic respiration

(a) DNA {e) ATP
(b) RNA (d) ADP
23, The carboxyl group is best associated with molecules of
(a) amino acid (c) fatty acid
(b} hydrochloric acid (d) nucleic acid
24. A formula that shows the bonding and 1 ion of ¢l ina
known as a (an)

(a) empirical formula

(b) structural formula
25. Organic catalysts are

(a) hormones

{b) substrates

(c) molecular formula
(d) basic formula

() nucleic acids
(d) enzymes
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Part C. Modified True-False, If a statement is true, write “true” for your an-
swer. If a statement is incotrect, change the underlined expression (o one
that will make the statement true.

1. Most of the activities of the cell involve EE'Z"' cal changes.
2. Sulfur and sodium are t‘uuml in large. qua.nnnes in the cell.
3. Living cells hesize
4, Inorganic compounds do not have the el carbon and hydrogen in
chemical combination.
5. Nucleic acids are organic compounds.
6. In cells, the elements hydrogen and oxygen are present in the ratio of 4:1.
7. Fructose, the sugar in fruit, is best classified as a double sugar.
8. Maltose is best classified as a double sugar.
9. Cellulose is used in the structure of plant cell membranes.
10. Polypeptides are formed by the chemical joining of a number of fatty acid
groups.
11. Enzymes control the ratg of chemical reaction.
12. Pure water has a Icadlng Dl'lﬁ on the pH scale.
13, Sut with 8 and 14 arc agidic on the pH scale.
14. The term urnover mumber refers to the speed with which phosphates work.
15, Denaturing increases the function of protein molecules.
16. On the pH scale, sour milk would have a reading between 4 and 6.
17. pH has no influence over enzyme activity.
18. The substance upon whlcha.n enzyme works is the complex.
19. The induced fit b I lains the lity of
20. When molecules of ADP accept energy, they are upgraded to ACD molecules.
21. The aerobic phase of ccllular respiration takes place inside the fbosomes.
22, The Krebs citric acid cycle is the anaerobic phase of respiration.
23. Emil Fisher used the “lock and key™ analogy to explain the relationship be-

tween substance and hormones.

24. Fuel molecules provide cells with structure.

25, Carbon, hydrogen, oxygen, and nitrogen are best deseribed as inorganic
compounds.

CONNECTING TO CONCEPTS

1. We breathe in air. Oxygen from the air is filtered out by the lungs and sent to
all the cells in the body. From what you have learned in the section on respi-
ration, explain how oxygen is used in your cells.

2. Normal human body temperature is 98.6°F (37°C). How may a 3" increase in
body temperature affect the action of enzymes in cells?

3. Nutritionists suggest that we should drink 8 glasses of water a day. What are
some uses of water in the body?

ANSWERS TO SELF-TEST CONNECTION

PART A

1. carbon 3. hydrochloric
2. inorganic 4. organic
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Connecting to Life/Job Skills

&, hydrogen 16. enzyme

6. bonding 17. carbohydrates
7. starches 18. join

8. oxygen 19. lipids

9. monosaccharides 20, 2:1
10. disaccharides 21. nucleic
11. single 22, deoxyribonucleic acid
12. polysaccharides 23, enzymes
13. cell walls 24, rate
14. water 25, protein
15. double
PART B

l.a 10. ¢ 19. b

¢ 1. b 20, ¢

Lb 12, a 2. d

4. b 13.d 22. ¢

5.d 4. ¢ 2.

6 ¢ 15. b 4. b

T a 16. b 25.d

8. d 17. d

9.d 18. a

PART C

1. chemical 14. enzymes

2, small 15. decreases

3. organic 16. true

4, true 17. has

S5, true 18. substrate

6. 2:1 19. specificity
7. single 20, ATP

B. true 21. mitochondria
9. walls 22. aerobic

10, amino 23, substrate and enzyme
11. true 24, energy

12, 7 25, elements

13. basic ot alkaline

Key jobs in the 21st century will de'pend on the use of computer lechnology in

ever-growing sophi: The g needs of comp hnology em-
brace a vast number of career nppommmes . Look around you, Develop a written
list of the kinds of i ion technology devices that are being used.

Note the method oflnllymg gmce.nes in your local supermarket. Observe the use
of mobile telepl it and fax machines. Notice the biostere-

ometric devices used in ducmrrs offices. Now do some exploratory research to
identify various fields in information technology, and define a place where you

might like to work. What traming will you need?
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Chronology of Famous Names in Biology ___

1902

1907

1922

1913

1937

1948

1951

1952

1954

1962

Emil Fischer (Germany)—won the Nobel Prize in Chemistry for lay-
ing the foundation of enzyme chemistry. He synthesized fructose and
glucose. All knowledge of purine groups is attributable to Fischer.
Eduard Buchner (Germany)—wuon the Nobel Prize for his work in
alcoholic fermentation of yeast cells. He discovered the enzyme zy-
mase in yeast.

Otto Meyeroff and A. V. Hill (United States)—won the Nobel Prize
for the lactic acid theory of musele contraction.

David Kellin (England)—was the first to link cytochrome to cellular
respiration.

Sir Hans Krebs (Germany)—-discovered the citric acid cycle in cellu-
lar respiration.

Albert Lehninger and Eugene Kennedy (United States)—discovered
that the synthesis of ATP occurs in the mitochondria.

Maurice Wilkins and Rosalind Franklin (England)—used X-ray dif-
fraction to study DNA.

Hugh Huxley (England)—elucidated the biochemical in-
volved in muscle contraction.

Linus Pauling (United States}—won the Nobel Prize in Chemistry for
the major breakthrough in understanding the molecular structure of
matter.

M. F. Perutz and J. C. Kendrew (England)—won the Nobel Prize for
discovering the structure of the muscle protein myoglobin.




CHAPTER O

BACTERIA AND VIRUSES

|n this chapter you will learn about a group of organisms composed of a single
cell that differs in structure and chemistry from most other cells.

PROKARYOTES
BACTERIA

Overview

In 1684, the Dutct A ie van 1 hoek made a number of very sim-
ple magnifying instruments (Fig. 6.1). These were forerunners of our modern
light microscopes. Using these carefully ground lenses, he examined numerous
types of biological speci including pond water, blood, and the scrapings
from his teeth. In the latter, he saw organisms that we now call bacreria. He did

Fig. 6.1 Van Lesuwenhoek's microscope. How does it compare
with today's light microscopes?
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Circular chromosome *
Fig. 6.2 A prokaryotic cell

not give these organisms a name, but made careful drawings of them in his note-
book. Van Leeuwenhoek is credited for being the first person to see bacteria.

A bacterium (singular of bacteria) is an organism composed of a single cell.
The bacterial oell is different from the cells of higher organisms in basic structure
and in chemi ition, At ium does not have a nucleus bound by a
membrane and is ﬂierv:fore classified as a prokaryote (Fig. 6.2). (Derived from the
Greek word karyon, pmkar}me means “bel'om nucleus.”)

Until Iy, b and cyanob {blue- -green algac} were classified
in the kingdom Monera. Newer evid it h

i from b jcal 1 has
prompted investigators to divide the kingdom Monera into two new kingdoms,
the Archacobacteria and the Eubacteria. Arc ia is the kingdom of
primitive bacteria. The species of Archaeobacterin show marked chemical differ-
ences from the true bacteria, which are classified in the kingdom Eubacteria.
Since all bacteria are prokaryotes, it is important to understand the characteristics

of these cells,
A prokaryote, as indicated above, is a cell that du:s not have a nucleus or
other I bound organelles; it lacks mitochondria, an endoplasmic reticu-

lum, Golgi bodies, and lysosomes. A eukaryote is a cell that contains an orga-
nized nucleus and other membrane-bound organetles.

GENERAL CHARACTERISTICS OF PROKARYOTES
Cell Wall

Present in most prokaryotic cc]!-s. the cell wall is an mpurtan: structure provid-
ing shape to the cell and p ig it against water-p (H

mycoplasmas, the smal]e51 living ce]ls. do not have a cell wall) Rangmg from
5 to 80 nanometers in diameter, the walls of prokaryotic cells get their tensile
strength from murein. Murein is composed of an enormous number of polysac-
charide molecules held together by short chains of amino acids. Muramic acid,
one of the major molecules in murein, never occurs in the cell walls of eukaryotic
cells, Penicillin is an effective drug against bacteria because it inhibits the syn-
thesis of murein and thus the duction of b ia. Penicillin does

not act, however, against eukaryotic cells.

Cell Membrane

The cell membrane of the prokaryotic cell is very much like that of the eukary-
otic cell except that the pmka.rymu. cell membrane lacks cholesterol and other
ids. In the Archaeobacteria, the cell t is posed of modified
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branched fatty acids. Straight-chain fatty acids comprise the structure of the plasma
membrane in the Eubacteria. The surface area of the cell membrane in some
prokaryotes is greatly increased by comvelutions (folds and loops). The convoluted
cell membranes have incorporated in their structure electron transport systems and

y for the chemical events taking place during respiration. The cir-
cular DNA molecule is attached to a site on the cell k called the

Cytoplasm

The cytoplasm of the prokaryotes does not have the complex fine structure char-
acteristic of the eukaryotes. Bacterial cytoplasm appears to be highly granulated
due to the presence of a large number of ribosomes which are smaller in size than
those found in nucleated cells. The rib the only cellular organelles in
most prokaryotes—function just the same as their larger counterparts in the eu-
karyotic cells by being the sites of protein synthesis. The cell membrane pushes
inward, causing a pocket known as a An outer I system is
present in cells of the 5: in. These outer contain
and accessory pigments,

Py

Genetic Material

DNA (deoxyribonucleic acid) is the substance of heredity. In contains genetic
codes (genes) for characteristics that are passed on from one generation to the next.
In eukaryotic cells, DNA molecules are linked in ck in the nucleus of
cells, You know that prokaryotic cells do not contain a membrane-bound nucleus.

Prokaryotic cells contain a circular molecule of naked DNA (not enclosed by
a l The DNA ch is repli | (reproduced) before cell divi-
sion. Then the eell wall and the plasma membrane grow inward, dividing the cell
in two. This type of cell division is known as binary fission. As you have learned,
the mesosome is formed by a loop in the plasma membrane and seems to fune-
tion in the separation of the circular chromosomes during cell division.

Other Characteristics of Prokaryotes

Other diffe D leated cells from cells with a nucleus. Most
prokaryotic cells are quite small, maging in size from 0.5 1o 10 micrometers. The
average cukaryotic cell is much larger, although some nucleated cells

only 7 micrometers in diameter. Some bacteria produce a slimy capsule made of
carbohydrate that surrounds the cell wall and protects the bacterial cell from be-
ing engulfed by phagocytic white blood cells. Some prokaryotic cells move by
means of a stiff, inflexible, rodlike structure called a flagellum. Also, prokaryotic
cells are not able to join together to form tissues.

Classification of Bacteria

As stated previously, because of distinct differences in the chemical composition
of their organelles, bacteria are now divided into two separate kingdoms: the Ar-
haeobacteria and the Eut ia. The Archaeobacteria are the “ancient or first
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bacteria™; the Eubacteria, the “true bacteria.” All the species contained in both of
these kingdoms are prokaryotes.

GROUPS OF BACTERIA

Many biologists refer to “divisions™ or “groups™ of bacteria, because the concept
of species is difficult to apply to these organisms, By accepted definition, a
species is a group of organisms so closely related that they can mate and produce
viable offspring. Since bacteria usually reproduce by binary fission, and since the
evolutionary history is difficult o determine, many “species™ of bacteria do not
easily meet the requirements of the definition. However, since species is a conve-
nient word to show close structure and functional relationship, we shall

to use it when necessary.

GRAM STAINING

In 1884 the Danish microbiologist Hans Christian Gram developed a technique
for staining bacteria that is useful in distinguishing groups of organisms, particu-
larly among the Eut ia, The p jure of gram staining identifies cells
based on their ability to absorb certain dyes. Bacterial cefls walls that are made
of peptidoglycans (amino sugars) absorb the purple dye gentian violet with such
Icnacn) that washing the cells w‘llh alcohol does not remove the dye. Such
purpl ining cells are desi i as gram-positive. Cell walls posed of
lipopolysaccharides, however, do not hu]rl the purple dye and are easily bleached
with alcohol. These cells stain red with dyes such as safranin or carbol fuchsin,
Cells that take up the red counterstain are known as gram-negative.

Gram staining is one means by which bacteria are identified and classified.
As a matter of fact, the composition of the cell wall affects the behavior of bac-
teria. Gram- posm\’c bachcm are more susccphhlc to the cffects of antibiotics than
are g1 OTg: G isms are also more susceptible
to the Iysmg effects of the cnzyme lysnzyrn: which is found in human secretions
such as tears, saliva, and nasal discharges,

KINGDOM ARCHAEOBACTERIA

Bacteria classified in the kingdom Archasobacteria exhibit unusual characteris-
tics. All arc anaerobes, and all are unable to survive in an environment of oxy-
gen. Rather, they live in harsh environments—stagnant marsh water, boiling hot
springs, the salt water of lakes and ponds, and the anacrobic sludge at the bottom
of lakes.

Biochemical Uniqueness of Archaeobacteria

The archaeot ia differ biochemically from all other organisms living on Earth
today. First, their cell i are 1ofh hed Ilpld lecules un-
like the straight-chain fatty acids of other cells, Second, in their metabolic
processes, enzymes different from those in other cells are used in the synthesis of
lipids and in RNA synthesis activities. Biologists use lhcs: and other differences
as reasons to place the archaeot i ina
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Major Groups of Archaeobacteria
The largest group of archacob ia are the methanogens. As the name implies,
these bacteria produce methane gas. They live where anaerobic conditions exist:
in airless h bic lake t sewage ponds, and even in
the lower bowels of cattle and sheep, where anaerobic conditions prevail, The
methanogens use hydrogen gas to mhmc carbon dioxide m their ene‘rgy-makmg
process, producing methane gas as a byproduct. The can be

as follows:

4H, + CO, — CH, + 2H,0

The methanogens must live where the inorganic gases carbon dioxide and hydro-
gen are available for their use and where oxygen is not present. In addition, they
require three organic compounds for nuirition: methanol (H,COH), formate
(HCOO—), and acetate (H,C—COO0—). Evidence indicates that these five sim-
ple molecules, two inorganic and three organic, were present on early Earth at the
time when oxygen was absent from the atmosphere. Thus it is believed that the
methanogens are descendants from an ancient line of bacteria unrelated to the
Eubacteria,

The salt-loving bacteria belong to the genus Halobacrerium. The members
of this genus are able to produce their own energy by carrying out a simple type
of chemosynthesis. Embedded in the plasma membranes of the halophiles (salt-
loving bacteria) are patches of a purple pigment, bacteriorhodopsin. In an atmos-
phere free of oxygen, this pigment is able to capture light energy and use it to
form ATP molecules, the energy-storing molecules of cells.

Other species included in the kingdom Archacobacteria include the ther-

philes and the ther p As the name implies, thermophiles thrive
in extremes of heat. They live in hot springs and can survive in temperatures ncar
the boiling point of water, 90°C (194°F). Thermoacidophiles live in harsh envi-
of heat and acid. Of interest to scientists is the fact that

the internal pH (acid-base measure) of these bacteria remains neutral.

KINGDOM EUBACTERIA

The cubacteria, referred to as the “true bacteria,” comprise a large number of sub-
groups. Members of the kingdom Eubacteria live under less harsh conditions than
do the archacobacteria. A large numbcrcfpmka.r}m are classified in this king-
dom b of strong biock ilarities in their cell walls, which are com-
posed of amino sugars known as peptidoglycans, Their cell (plasma) membranes
are similar in that they are built from straight-chain fatty acids rather than the
short, branched chains found in the archacobacteria.

Characteristics of the Eubacteria

All of these bacteria have thick, ngid cell walls. Some species are nonmotile (non-
moving), while others are morife, using flagella (Fig. 6.3} or a sling motion to
move from place to place.

Shape is one means of identifying eubacterin. The rod-shaped bacteria are
known as bacilli (bacillus, sing.), the round bacteria as cocei (coceus, sing.) and
the spiral-shaped as spirilia (spirillum, sing.) (Fig. 6.4). Some species typically
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Fig. 6.3 A flagellated Fig. 6.4 Three shapes of bacteria
bacterium

remain attached. The diplococei oceur in pairs, the sireprococei in chains, and the
3-‘aphv.fococcl in clusters.

duction in the eut ia takes place by binary fission. There is no mi-
tosis as in the culmrymm cells. Replication of the circular chromosome is fol-
lowed by equal splitting of the cytopl The reproducti ial of bacteria

is enorious because cel] division is possible every 20 mlnutes In this short span
of time, a parent cell divides into two identical daughter cells. It has been esti-
mated that, if the rate of reproduction were not slowed by environmental changes,
one bacterium could give rise to 500,000 descend.nnlx by the end of 6 hours.

Eubacteria are able to survive unf litions in the
rather unique way of forming endospares. The spore is a vegetative cell contain-
ing DNA and little else, It becomes surrounded by a thick and almost indestruc-
tible cell wall i by the cytopl In this condition, the endospore is able
1o witk d boiling, freezing, drying, with disinfectants and other ex-
tremes of environment.

Capsule formation occurs in certain disease-producing species of eubacte-
ria. The cytoplasm of the bacterium secretes a mucoid coat of polysaccharide ma-
terials which surrounds the cell wall. The capsule is resistant to phagocytosis (en-
gulfing by white blood cells) and may even, itself, release toxins into the tissues
of the host.

Most eubacteria are heterotrophs that have to depend on sources outside of
their own bodies for organic food materials. Many species obtain food by ab-
sorbing nutrients from dead organic matter; organisms that feed in this way are
known as saprophytes, or, in new terminology, saprobes. Bacteria that live on or
inside of the bodies of animals or plants and cause disease are parasites.

A number of groups in the eubacteria are autotrophs and are able to change
inorganic materials into organic compounds. Among these are the photosyn-
thetic bacteria, which, like green plants, use light energy to produce food, and
the chemosynthetic bacteria, which are capable of oxidizing the inorganic com-
pounds of ammonia, nitrites, sulfur, or hydrogen gas into high-energy organic
compounds without the need of light energy.

Nitrifying bacteria are excellent examples of the chemosynthetic bacteria.
These bacteria live in little nodules (bumps) on the roots of leguminous plants
such as peas, beans, peanuts, alfalfa and clover (Fig. 6.5). In two separate steps,
the nitrifying bacteria convert ammonia, released into the soil by the breakdown
of proteins from the bodies of dead plants and animals, to nitrites and then they
change the nitrites to nitrates:

(1) 2NH} + 30, — 2NO; + 4H* + energy
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Nedules on clover 7 One nodule
roots

Fig. 6.5 Nodules on the roots of leguminous plants

(2) 2NO3 + 0, — 2NOJ + energy

Rod-shaped bacteria belonging to the genus Nitrobacrer are examples of nitrify-
ing bacteria. Bacteria of decay, responsible for the breakdown of proteins in dead
organic matter, belong to the genera Pseudomonas and Thiobacillus. Species be-
longing to the nitrifying and denitrifying genera aid in the recycling of nitrogen

(Fig. 6.6).

Sulfur bacteria are also ch hetic b ia. Sulfur, an el neces-
sary for life, is present in soil. It can be free or combined, and part of both inor-
ganic and organic compounds, The decomposition of rock, the breakdown of or-

ganic products, and rainwater are the major sources of soil sulfur. Living in the
soil, the “sulfur” bacteria oxidize free sulfur in sulfates, producing energy for
hemselves and providing compounds of sulfur that can be used by plants.

25 + 30, + 2H,0 — 250, + 4H" + energy

Pt hetic bacteria {(Endothiobacteria) use pi y which are
contained in the cell membrane to capture 113111 energy and use Il |r1 ule synthcsts
of organic molecules. Unlike green plants, h A do

not have the pigment chlorophyll @ and they do not produce molecular oxygen. In
fact, most photosynthetic bacteria do not need or use oxygen.

== NITROGEN (N3)

L)
Denitrifying
bactetll

\H

NITRATE (NOa)
Fig. 6.6 Nitrogen cycle
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Most groups of the eubacteria are aerobie, using molecular axygen in the
process of breaking down carbohydrates to carbon dioxide and water. Obligate
aerobes are organisms that can live only in an environment that provides free or

H 1

pheric oxygen. An ple of an obligate aerobe is Bacilluy subilis.
Some bacteria are obligate anaerobes and derive their energy by fermenta-
tlon These organisms cannot live in an environment of free oxygen. Usually, the
bes are discase p: in this group are Clostridium
.re.ram, the causative organism of tetanus, and Clostridium bomlinum, the bac-
terium that induces food poisoning. Still other bacteria are facultative anaer-
obes. These are basically acrobic bacteria, but they can live and grow in an envi-
ronment that lacks free oxygen.

Four Important Groups of Eubacteria

ja — Slime B

The Myxobacteria are also known as the slime bacteria, The cells develop as a
colony and move together in a flowing mass of slime resembling the movements
of amoebae. The individual cells are long, thin rods. Myxobacteria live in the soil
and obtain nutrients by absorbing dead organic matter (saprobes), At times the
slime mass, or I dium, forms rep tive called fruiting
bodies that Iook like sm.ﬂl mushrooms. The fruiting bodies produce cysts which
are much like the endospores of other bacteria in regard to their ability to with-
stand adverse environmental conditions. When environmental conditions im-
prove, the encysted cells become bolically active and reproduce by binary
fission.

Spirochetes

Most bacteria belonging to this group are anacrobic; many are disease producers.
These bacteria are long, thin and curved, moving with a wriggling, corkscrew-like
motion, made possible by an axial filament (Fig. 6.7). In some ways, the spiro-
chetes resemble protozoa, but they are nonnucleated. They do not form spores or
branches. They reproduce by transverse fission. The spirochete Treponema pal-
lidum causes syphilis.

Rickettsiae

The ricketsiae are very small g i Tlul ites (Fig. 6.8).
They were first described in I‘}O‘) by H:mld Taylor Ricketts, who found them in

Fig. 6.7 Spirochetes are highly Fig. 6.8 Rickettsiae in
motile but they lack polarity. tissue cells
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the blood of pnhmts suffering from Rocky \c{oum:un spoﬂed fever. The rick-

ettsiae are gani In length,
these organisms range from 0 ol mlc:romcwr 'I'hcy live in the cells of ticks and
mites and are itted to h hrough insect bites. The ricketsiae are re-
sponsible for several febrile {fever-prod ing} di: inl such as typhus
fever, trench fever, and () fever.

Actinomycetes

The Actinomycetes (also known as the Acti } have ck istics of both

the eubacteria and the fungi. Like the latter, their body structure takes the form of
branching multicellular filaments. They live in soil where they obtain nutrition
saprophytically. Some species are anaerobes. These organisms are mostly non-
maotile and. break down waxes and lipids in dead plants and animals. Some species
cause in animals and humans. Actinomyces bovis causes “lumpy™ jaw in
cattle. Mycobacterium tuberculosis causes tuberculosis in humans and Myecobae-

terium leprae causes leprosy. Some other actinomycetes have important medical
and commercial value—primarily as sources of antibiorics. Antibiotics in com-

mon use that are produced by the acti are tetracycline, erythromycin,
yein, in, and chloramphenicol
CYANOBACTERIA
Ac phylum |n 2o Eubamm is Cyanobacteria. Some biologists
classified these d ph isms as blue-green algae—thus

the former name Cya.mphym Now some bmioglsls regard these organisms as
bacteria and call them cyanobacteria. Others avoid the issue and refer to this
group simply as the blue-greens.

Characteristics of the Blue-Greens

In structure, the cyanobacteria are prokaryotes. As in the bacteria, the cytoplasm
of the blue-greens is ded with rib In addition, the cytoplasm of most
of these organisms stores particles of protein materials and special carbohydrate
molecules known as polvglucans. The cells of the blue-greens are larger than
those of bacteria but smaller than cukaryotic cells. Thc cell wall is composed cf

murein, as in the hactml, but is sur led by a gelati material I
of pectin and glycop The i ia have no visible means of locamo-
tion (no flagella), but some species move with a gliding motion, as do the
myxobacteria.

The blur—grecns denve their name from the pigment molecules that are con-
tained in fl d s called thylakoids. Several types of pig-
ments have been isolated from the cyanot ia. As in the higher plants, chloro-

phyll a is the pigr used for phote hesis. Present also in these organisms is
the blue pigment phyeocyanin, the red pigment phycoervthrin, and several types
of ids (yellow pigr ). Not all of the cyanobacteria are blue-green.
Some are black, brown, vellow, red, and bright green. At times the Red Sea takes
on a reddish hue due to a species of cyanobacteria that inhabits these waters in
great bers and ins large of phycoerythrin.

The cyanobacteria may live singly or occur in filaments or colonies. Al-
though the cells of some species live in close association with one another, they
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usually carry on independent life functions. Interestingly enough, cytoplasmic
bridges called pl d join the cytoplasm of some of the cells of the fila-
mentous groups. At certain times the plasmadesmata may serve as the passage-
ways for special materials,

Some of the filamentous blue-greens have the ability to fix atmospheric ni-
trogen. Under anaerobic conditions, special cells called hererocysts produce the
enzyme nitrogenase, which has the ability to convert aimospheric nitrogen into
usable nitrates.

Fresh water is the habitat of most of the cyanobacteria, but a few species are
maring, and some species live in tropical soils where the nitrogen content is poor.
Other habitats include microfissures in desert rocks, where light penetrates and a
small amount of water is trapped. Cyanobactenia can also be found on tree bark,
on damp rocks, and on flower pots. They reproduce by binary fission or by frag-
mentation of filaments.

Importance of the Blue-Greens

The cyanobacteria are an important part of every environment. [n the process of’
photosynthesis they produce oxygen as a by-product which helps to replenish the
atmosphere, They also produce food for invertebrate and vertebrate species that
feed on phytoplankton, the floating plants that live on the surfaces of oceans and
lakes.

Cyanobacteria can also be harmful to humans and fish in their role as water
pollutants. The rapid overpopulation of blue-greens such as Ovciflatoria coats
lakes with a slimy, smelly mass that is toxic to fish. The “blooms,” aided by ex-
cessive nitrate compounds in lakes, have contributed to a serious decline in the
freshwater fish populations in some arcas.

PROCHLORON
The Prochloron were discovered in 1976 by R. A. Levin. These cells are prokary-
otic and seem to be an evolutionary link b the bacteria and the eu-

karyotic algae. Their pigment system seems to resemble that of the green algae
and higher green plants, The only known representatives are those that live in as-
sociation with a group of marine invertebrates known as the tunicates.

Importance of Bacteria
BACTERIA AND DISEASE

As we have already mentioned, some species of bacteria cause disease in humans,
animals, and plants; these bactenia are termed pathogenic. A discase is any con-
dition that interrupts the normal functioning of body cells preventing completion

of a particular biochemical task. When pathogenic bacteria invade body tissues,
they introduce a particular set of circumstances that change the environment of
the cells.

There are three significant ways in which the cellular environment can be al-
tered resulting in a disease condition. One way is by sheer numbers of organisms:
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bers of t ia will affect adversely the functioning cells. For ex-
ample, Escherichia eoli, gram-negative rods that normally live in the human in-
testine, will cause diseasc if present in increased numbers. Another way is by the
destruction of cells and tissues. A third change brought about by pathogenic bac-
teria is directly related to their production of toxins. Toxins are poisonous sub-
stances that inhibit the metabolic activities of the host cells.

HELPFUL BACTERIA

Contrary to popular belief, most species of bacteria are helpful to humans. The
nitrogen-fixing bacteria enable plants to obtain the nitrates necessary for protein
synthesis. The bacteria of decay release ammonia and nitrates from dead organic
mat‘n:r into the soil. Bacteria that live in the hwma.n intestines synthcsue several

and ibute to the hesis of a dig of
vinegar, acetone, bul.nnoi. lactic acid, and certain vitamins depend upon the action
of bacteria in the prod I of these prod The retting of flax and

hemp is a process in which bacteria are used to d:gast the pectin compounds that
hold together the cellulose fibers, Once these fibers are free they can be used to
make linen, textiles, and rope. Bacteria are useful in the preparation of skins for
leather and in the curing of tobacco. Manuf of dairy prod use bacte-
ria to rpen cheese and to improve the flavor of special items such as Swiss
cheese. Farmers depend on bacteria in their fermenting of silage that is used for
cattle feed. The ph ical industry produces antibiotics such as averomyein,
teramycin, and streptomycin from bacteria.

Viruses
Viruses are not living. Virus particles are not cells and do not exhibit the charac-
teristics of life, as do cells. Lacking the enzymes and other cell machinery for car-
rying om metabolic processes, they remain inert and cannot function as living
d is the only function of viruses. To reproduce they must in-
vadc (cmcr} living cells. Viruses are parasites.
STRUCTURE OF VIRUSES

The virus particle is known as a viron. It consists merely of a protein coat called
a capsid, a nucleic acid core, and tail fibers (Fig. 6.9).

In shape, most virus particles are either helical (spiral) or polyhedral (many-
sided). The capsid of the helical viruses is composed of subunits called cap-
someres, The tobacco mosaic virus (Fig. 6.10), the first virus to be described, and
the virus that causes influenza are helical viruses. A few viruses are shaped like
a cube, and a few are brick-shaped. The T-even bacteriophage (a virus that enters
a bacterium) is polyhedral and has a tail with extending fibers. The smallpox
virus is brick-shaped.

In some viruses, including those that cause influenza and herpes, a cytoplas-
mic membrane surrounds the protein coat. This surrounding envelope may come
from the plasma membrane of the host cell or may be synthesized by the host’s
cytoplasm, Virologists have found that the envelope contains proteins that are
virus-specific.
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Fig. 6.10 Tobacco mosaic virus

VIRAL NUCLEIC ACID

Viral nucleic acid may be a single molecule consisting of as few as five genes or
may be multimolecular and have as many as several hundred genes. Viral nucleic
acid may be single-stranded or double stranded; it may be circular or linear. Some
viral nucleic acid is made of DNA (deoxyribonucleic acid); some has only an RNA
(ribonucleic acid) core. Viruses never contain both DNA and RNA, For example,
the polio virus contains only RNA, while the herpes viruses contain only DNA,

REPRODUCTION OF VIRUSES

A general description of the way in which viruses reproduce follows. A virus in-
fects (enters) a host cell. The nucleic acid of the virus captures the nucleic acid of
the host cell and uses it to make more virus nucleic acid and virus proteins. New
virus particles, complete with the nucleic acid core and the protein coat, are as-
sembled inside of the host cell until no more can fit. The host then bursts, releas-
ing the newly bled virions. This g lized pattern of virus reproduction
varies with different viruses that typically infect bacteria, plant, or animal cells. A
virus that infects a bacterial cell is known as a bacteriophage, or simply as a phage.

Reproductive Pattern

A simplified version of the replication of a virus is shown in Fig. 6.11. The virus
(A) enters a cell (B). The viral capsid (protein coat) is shed as soon as the virus
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Fig. 6.11 A simplified version of the replication of virus particles

gains entry to the cell. Thus the viral DNA is naked. At (1) replication of the vi-
ral DNA has taken place. The virus uses the nucleotides and other machinery of
the cell to make its own DNA, At (2) the process of rranscription replicates viral
RNA. Then through translation capsid proteins are formed. At (3) the assembly
of viral particles and their exit from the cell occur.

Lytic Cycle of Viral Reproduction

1. The tail fibers of the T4 phage become attached to a specific place (receptor
site) on the surface of the bacterial cell Escherichia coli.
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2. A tube is poked through the wall of the E. coli cell by the sheath of the virus.
The DNA of the phage is injected into the bacterium.

3. The empty capsid of the phage is left outside the bacterium. The DNA of the
bacterium is broken apart.

4. The DNA of the bacterial cell, as well as its nucleotides, is captured by the
viral DNA and used to replicate viral DNA. In addition, three distinct kinds
of protein are used to put together the T4 phage heads, tails, and tail fibers.

- i& A sq
( 5. A great number of phage particles are made. Once assembled inside the cell,
w }@ 3‘ one of the phage genes directs the production of the enzyme lysozyme, which
— %‘ digests a hole through the wall of the bacterium, releasing the newly formed
phage particles into the bloodstream.

IMPORTANCE OF VIRUSES
Viruses are notorious for their disease-producing p ial in animals and plants.
In human beings, viruses cause such di as les, the cold,

smallpox, rabies, chicken pox, yellow fever, influenza, viral pneumonia, en-
cephalitis, infectious mononucleosis, AIDS, and several types of hepatitis, as well
as fever blisters and venereal herpes. It is believed that some cancers are caused
by viruses. Virus diseases of plants include tobacco mosaic disease, tobacco
necrosis, and rice dwarf.

VIROIDS

In the 1960s, it was discovered that several plant discases are caused by viroids,
particles smaller than viruses. The viroid contains a short RNA chain and lacks
the protective protein coat. New viroids are produced in the nucleus of the host
cell. Diseases such as the stunting of chrysanthemums, spindle tuber of potatoes,
and disease of citrus trees are caused by viroids.
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Connecting Through Chapter Review

WORD-STUDY CONNECTION
aerobic Eubacteria pathegenic
anacrobe cukaryote peptidoglycans
Archacol facultati phage
autotroph flagellum photosynthetic bacteria
bacitlus fruiting body phytoplankton
bacteriophage Gram staining plasmadesmata
bacterium heterocyst Frochloron
binary fission heterotroph prokaryote
blue-greens mesosome spirillum
capsid methanogens spricochete
capsomere motile saprobe
chemosynthetic murein thermoacidophile
bacteria mycoplasma thermophile
coceus nodule toxin
convolution obligate acrobe viron
cyanobacteria obligate anaerobe viroid
endospore parasite
SELF-TEST CONNECTION
PART A. Completion. Write in the word that correctly completes cach
statement.
L. The prokaryotes are cells that lack ._1.. organelles. (2 words)
2, The cell membrane of the prokaryotes lacks the steroid ..2..
3. The DNA molecule is attached to a place on the cell membrane of bacteria
called a 3.
4. Mycoplasmas, unlike other prokaryotic cells, do not have a _.4.. (2 words)
5. Peptidoglycans are necessary for ..5., formation in bacteria.
6. The only cellular organelle in bacteria is the ..6..
7. A chromosome makes an identical copy of itself in a process called .7.,
8, The methanogens belong to the kingdom 8.
9. A group of interbrecding organisms is called a .9,
1. The ..10.. are referred to as the “true” bacteria.
1. Bacteria reproduce by the method known as .11..
12. In newer terminology, a saprophyte is referred toas a .12
13. Rod-shaped bacteria are known as ..13..
14. Nitrobacter are examples of .. 14.. bacteria.
15. Bacteria that require lar oxygen for resp are known as .. 15..
16. Bacteria that are indifferent to oxygen are called .. 16..
17. Gram-positive bacteria absorb a ..17.. colored dye.
18. Toxins inhibit the ..18.. activities of cells.
19. True bacteria can survive unf: ble envi | ditions by forming
19
20, The ..20.. are evolutionary links between prokaryotic and eukaryotic cells.
21, In some cyanobacteria cells known as ..21.. can fix atmospheric nitrogen.
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22. The habitat of most blue-greens is ..22.. water.

23. A virus particle is known as a .23..

24, A virus that infects bacteria is called a .24,

25, Floating green plants that inhabit surfaces of lakes and oceans are known col-
lectively as .25..

PART B. Multiple Choice. Circle the letter of the item that correctly completes
cach statement.

1. Bacteria are best described as

{a) eukaryotic cells (€} prokaryotic cells

(b) photosynthetic cells (d) filamentous cells
2. A chain of cells is known as

(a) filament (¢} chord

(b) mass (d) comvolution

3. The DNA of prokaryotes is structured into
(a) scattered chromatin granules (¢} several nucleoids

(b) histone chains (d) a single chromosome
4. Muramic acid is isolated from the bacterial structure known as

(a) mesosome (€} cell wall

(b) cell membrane (d) chromosome

5. The function of the ribosomes is to
(a) synthesize cell walls
{b) carry hereditary traits
() direct replication of the mesosome
{d) translate mRNA into protein
6. Prokaryotic cells contain
(a) DNA only (€) both DNA and RNA
(b} RNA only (d) no nucleic acids
7. An incorrect statement concerning bacteria is that they
(a) build ATP molecules
{b) lack multienzyme systems
(¢) lack Golgi bodies
(d) assemble proteins
8. Survival of the eubacteria is increased by the ability to

(a) replicate DNA (€) generate cells walls

(b) synthesize proteins (d) form endospores
9. Encapsulated bacteria resist

(a) reproduction (c) phagocytosis

(b) endospore formation (d) DNA replication

10, Nitrifying bacteria
(&) convert ammonia into nitrates
(b) convert ammonia into nitrogen gas
(¢} release ammonia from decaying bodies
(d) synthesize legumes

11. The bacteria that live as parasites in the cells of ticks and mites are
(a) spirochetes (c) mycoplasmas
(b} actinomycetes (d) rickettsiae
12. Tt is true that viruses
(a) reproduce (¢) synthesize ATP
(b) ingest (d) reduce H,
13, Tunicates are
(a) blue-green algae (c) a type of virus

(b) fruiting bodies (d) marine invertebrates
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14. Bacteriorhodopsin is correctly associated with the

{a) chlorophyta (€) halophiles

{b) prochlorons (d) viroids
15, Capsomeres are subunits of

{a) bacteria cell walls (¢) clover nodules

(b) viral coats (d) slime mold
16. Thermophiles live best

(a} on the bottom of bogs (e) in salt pools

(b) in hot springs (d) in stagnant marshes
17. Lysozyme is a (an)

(a) human sccretion (c) enzyme

{b) small vacuole (d) hydrogen carrier molecule
18. Fruiting bodies are best associated with

(a) spirochetes (¢) Prochlorophyta

(b) Eubacteria (d) Myxobacteria
19. The organism that causes syphilis is a

(a) spirochete (c) prochiorophyte

(b} eubacterium (d} myxobacterium
20. Rickettsiac are best classified as

(a) molds (e) fungi

(b} bacteria (d} protists

21. Plasmadesmata are
(a) shrinking cell walls
(b) oversized vacuoles
(€) cytoplasmic bridges between cells
(d) several attached cell membranes
22, Heterocysts are most closcly associated with

(&) mitrogen fixation (€) water storage

(b) cell protection (d) binary fission
23, Actinomycetes are a type of

(a) virus (€) fungus

(b) rock (d) bacterium
24, The protein coat of a virus is known as a

(a) desmid (e) capsid

(b) plastid (d) capsule
25, A virus

{(a) can reproduce itself independently
(b} can reproduce only within living cells
() docs not contain cither DNA or RNA
(d) can be considered a type of cell

PART C. Modified True-False. If a statement is true, write “true” for your an-
swer. If a statement is incorrect, change the underlined expression to
one that will make the statement true.

1. At one time bacteria were classified as one-celled plants.

2. Archacobacteria are visible to the naked eye.

3, The smallest living cells are bacteria.

4. In addition 1o the circular chromosome the only other organelle found in bac-
teria is the Golgi body.

5. A micrometer is /100 of a millimeter.

6. Mycoplasmas have twice as much DNA as the true bacteria.

7. Photosynthetic bacteria do not need light energy to synthesize food
molecules.
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8. During favorable conditions, bacteria can reproduce every Z_tmlll

9. Disease-producing bacteria may be jed by a polysaccharide cell wall.
10. Small bumps on roots of clover plants that house bacteria are known as
{umors.

11. Round bacteria are called spirilla.

12. Escherichia coli live normally in the human hean.

13. When oxygen is not available, facultative anaerobes obtain energy by way of
the Krebs cycle.

14. Obligate anaerobes must live in an environment free of carbon dioxide.

15. Bacterial cells can build their own ATP molecules.

16. Gram-positive bacteria are more susceptible to the effects of antibiotics.

17. Most species of bacteria are harmful.

18. Retting is a process in which viruses arc used to digest the pectin in flax
plants,

19, Hemp fiber is used to make linen.

20, Polyglucans are molecules of protein.

21. The enzyme nitrogenase is produced under gerobic conditions.

22. The envelope surrounding the coat of a virus comes from the host.

23, Hepatitis is a viroid disease.

24, Viroids are smaller than viruses.

25. Viroids are known to cause several animal diseases,

CONNECTING TO CONCEPTS

1. What are the distinguishing characteristics of prokaryotic cells?
2. Why is the classification “species™ not appropriate for bacteria?
3. Why are virus particles not considered to be cells?

4. In what ways are bacteria harmful to cells?

ANSWERS TO SELF-TEST CONNECTION

PART A

1. membrane-bound 14, nitrifying

2. cholesterol 15. aerobes

3. mesosome 16. facultative anacrobes
4. cell wall 17. purple

5. cell wall 18. metabolic

6. ribosome 19. endospores
7. replication 20. prochlorons
8. Archacobacteria 21. heterocysts
9. species 22. fresh
10. Eubacteria 23, virion
11, binary fission 24. bacieriophage
12. saprobe 25, phytoplankton
13, bacilli
PART B

Le 4. ¢ 7. b

la 5.d 8d

3.d 6. © 9 ¢
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Connecting to Life/Job Skills

10. a 16. b 22, a

1. d 17. ¢ 23, d

12. a 18. d M. ¢

13, d 19, a 25. b
MH.c 20. b

15, b 2. ¢

PART C

1. true 14, oxygen
2. invisible 15, true

3. mycoplasmas 16. true

4, ribosome 17. helpful
AR 18. bacteria
6. one half 19. rope

7. Chemosynthetic 20. carbohydrate
8. 20 minutes 21. anaerobic
9. capsule 22, true

10. nodules 23. virus

11. cocei 24. true

12, intestine 25, plamt

13. fermentation

Yeterinary microbiology is a field worth researching. Infectious diseases caused
by bacteria and viruses take a heavy toll on animal life. Epidemics may result in
death or the spread of infection from sick wild animals to domesticated ones. [n
an increasing number of cases, the spread of animal infection is transmitted to hu-
mans. Ticks, fleas, and Jui carry i infecti fmm sick animals to h

Use your library media center to d ities in the field.

On the Internet, www.sciam.com is a good place to find out about job opportuni-
ties in veterinary microbiology.

Chronology of Famous Names in Biology _

1684 Antonie van Leenwenhoek (Netherlands)—was the first person to
see bacteria,

1796 Edward Jenner (England}—demonstrated the use of cowpox as an
immunizing va\:cinc against smallpox.

1850 Ignaz S Iweis (Germany)—di I that ding ph
carried the organisms that cause childbed fever from pat:cnt to patient
on their unwashed hands.

1861 Louis Pasteur (France)—made major contributions to the under-
standing of bacteria; helped to prove the germ theory of disease; dis-
covered a method for the prevention of rabies.

1867 Joseph Lister (England)—developed antiscptic principles in the prac-
tice of sugery.




1884

1884

1892

1909

1929

1935
1946

1975

1976
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Robert Koch (Germany)—discovered the bacteria that cause tubercu-
losis and cholera. He formulated Koch's postulates, the steps to deter-
mine if a bacterium causes a disease.

Hans Christian Gram (Netherlands)—developed differential stain-
ing techniques for bacteria which have become known as the Gram
stain.

Dimitri [ ki (Russia)—di: d the tob: mosaic virus.
Harold Taylor Ricketts (United States}—was the first person to de-
scribe rickettsiae, found in the blood of patients suffering from Rocky
Mountain spotted fever.

Alexander Fleming (England)—di d I in human
secretions.

‘Wendell Stantey {United States)—isolated the tobacco mosaic virus.
Joshua Lederberg and Edward Tatum (United States)—were the
first to d genetic bination in bacteria.

Carl R. Woese (United States)—developed the idea that the prokary-
otes include two distinet, unrelated kingdoms.

R. A. Levin (United States)—discovered Prochloran, a group of
prokaryotes that have a greater resemblance to chloroplasts than to
cyanobacteria.




CHAPTER 7

THE PROTIST KINGDOM:
PROTOZOA, FUNGUS-LIKE
PROTISTS, AND PLANT-LIKE
PROTISTS

l n this chapter you will read about the astounding number of one-celled organ-
isms classified as Protists and will learn how their life functions are carried out
within a single cell.

Major Groups of Protists

All of the species assigned to the kingdom Protista are eukaryotic. Most protists
carry out their lives within a single cell as free-living organisms. However, some
protist species are organized into colonies where each cell carries out its own life
functions and where, also, there may be some simple division of labor among the
cells in the grouping. An impressive variety of species are classified as protists,
and they probably descended from diverse evolutionary lines. The protists them-
selves represent evolutionary modification and are probably the ancestors of the
modern fungi, plants and animals.

Most modern classification schemes divide the Protista into three major
groups: the protozoa, or animal-like protists; the fungus-like protists; and the
plant-like protists,
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Kingdom: Protista

Eukaryotic org cells with b bound or lles, including the

miclens; thelar, and multicellular ph heth phs: unicellular,

multinucleate autotrophs.

Animal-like Protists

Mastigophorans Protists with flagella Trypanosoma

Sarcodines Protists with pseudopods Amoeba

Sporozoa Parasitic protists Plasmodivm

Ciliates Protists with cilia Paramecium

Fungus-like Protists

Myxomy H hi boid Pl dial slime molds
mass calh:d Plasmodium

A ola H aphic Cellular slime molds
cells

Plant-like Protists

Euglenophytes Unicellular, photosynthetic,  Euglena
single Magellum

Chrysophytes Unicellular, photosynthetic,  Diatoms, golden
chlorophyll @ and ¢ brown algae

Dinoflagellates Unicellular, two spinning Gessnerium

Magella, chlorophyll a and ¢

PROTOZOA, THE ANIMAL-LIKE PROTISTS
P ing “first Is,”" are lled k . Species of pro-
tozna numhcr in the thousands. Thcy live in fresh water, sa.'ll: water, dry sand, and
I'I1.DI5I soil. Some species live as parasites on or inside of the bodies of other or-
R d in the p is usually described as being asexual by
means of mm:usts, but recent rcsc:m:h has revealed that many protozoa augment
asexual reproduction with a sexual cycle. Usually, the sexual cyele occurs during
periods of adverse environmental conditions, and the cell arising from the fusion
of gametes (zygoie) can resist unfavorable conditions, The thick wall and the de-
creased metabolic rate of the cvsi permits survival during periods of cold,
drought, or famine,
The protozoa are divided into four phyla, based primarily on the methods of
locamaotion,

Mastigophora

The Mastigophora are protozoa that have one or more flagella, This phylum, also
known as the Z or flagell includes a rather heterogeneous
group of organisms. Some species are free-living and inhabit fresh or salt water;
of these, some are free-swimming; others glide over the surface of rocks; and
some are sessile, ilable sul i surfaces. Other Mastigophora
species Tive in a sy with isms of other species, each
helping the other with a particular life function. For example, several species live

ttached to
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Fig. 7.1 The causative
organism of African sleeping
sickness, Trypanosoma
gambiense

in the intestines of termites, cockroaches and wuodlmches where they digest cel-
lulose for these insects. The genus Ty i ites that cause de-
bilitating diseases in human beings. Tripanosoma gambieme (Fig. 7.1) is the
zooflagellate that causes African sleeping sickness. Humans are infected with the
trypanosome by the bite of an infected tsetse fly.

Sarcodina

The members of the phylum Sarcodina are described as being amoeboid. Amoeba
proteus (Fig. 7. 2; is the type species. Species included in the Sarcodina move by
means of p pods, flowing ions of the flexible and amorphous body.
The pseudnpods also serve in food-catching. Most of the Sarcodines live in fresh
water. A contractile vacuole, an organelle designed to expel excess water from
the protist cell body, plays an important role in maintaining water balance. Food is
temporarily stored in a food vacuole where it is digested by the action of enzymes.

The Foraminifera and the Radiolaria are groups of marine Sarcodines that se-
crete hard shells of mineral I Is around th Ives. When they die, their
shells become an important constituent of the bottom mud of the ocean floor. The
Foraminifera have built the limestone and chalk deposits that date back to the
Cambrian period; the Radiolarians, the siliceous rocks dating back to the Pre-
cambrian period.

Contractile vacuole

Fig. 7.2 Amoeba proteus Pseudopods
Sporozoa

The Sporozoa are parasuw spore-formers. The adult forms are incapable of loco-
motion, although i gani: may move by means of pseudopodia.
Some species of hrough a complicated life cycle requiring different
hosts during different life stages. Fur ple, the species Pl divm vivax—

the agent that causes malaria—requires two hosts: the Anopheles mosquito and
a human (Fig. 7.3).



MAJOR GROUPS OF PROTISTS 111

Sexual reproduction phase in qui

Fertilization

’-‘b %u-’ 575 :‘: \*

3 Zygote '&.q?u
forms oocyst &,
\9 gamete

4 Sporozoites are produced
in cocyst and travel to

I & pamete salivary gland

2 Gametocytes develop into gametes
and fertilization occurs

5 Infected mosquito injects
sporozoites into healthy

1 Infected female P
person A "'

Anopheles mosquito

6 Sporozoites
migrate to
liver cell

4 gametocyte @
/9 Some merozoites move from

10 Sorme matazotes dewelop red cell to red cell many times over

into gametocytes

B Merozoites reproduce asexually
..in red blood cell

Asexual reproduction phase in human
Fig. 7.3 Life cycle of Plasmodium vivax

Ciliata

Of the four protozoan divisions, the phylum Ciliata has the greatest number of
species. Species belonging to this phylum have cilia, short cytoplasmic strands
that are used for locomotion and in some cases to sweep food particles into an
opening called the oral groove. Protozoans included in this phylum inhabit fresh
water and salt water. Some are free-swimming; some creep; others are sessile; and
some are parasitic in other animals.
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Fig. 7.4 Paramecium

Fig. 7.5 Some other
examples of ciliates

The cytoplasm in ciliates is differentiated into rigid outer ectoplasm and a
more fluid inner endoplasm. Apeﬂ'.‘de lies just inside of the cell membrane. Some

Cilia

Food vacuole

Contractile vacuole

Colpoda cucullus

Vorticella

species respond to adverse

H 6 ®

Union by oral

grooves.

48

| usion with gamete;

separation.

Micronucleus of each One micronucleus
undergoes meiosis; of cach migrates
disintegration to other cell.

| ‘@@@@

Fused nucleus New organisms
undergoes division. are formed.

Fig. 7.6 G

| stimuli by discharging elongated
threads called rrichocysts which serve as defense mechanisms or a means of an-
choring the protist to floating pond material while feeding. Characteristic of the
ciliata is the presence of two kinds of nuclei. The macronucleus controls meta-
bolic activities, while the smaller micronucleus directs cell division (Fig. 7.4).
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shows the structure of Paramecium, a typical represemtative of the ciliata. Figure
7.5 shows some other Ciliata.

Conjugation is a form of sexual reproduction that is oce
strated by the ciliates. Two organisms will join together at the oral groove, The mi-
cronucleus of each will undergo meiosis, producing several cells. All but two of
these in each organism disintegrate. One of these haploid micronuclei remains in
each cell, while the other migrates into the other cell, fusing with the stationary
gamete. The new nucleus—which is now diploid and contains a new genetic com-
bination— goes through cell division producing a new leus and a new
micronuclens (Fig. 7.6).

1 d.

FUNGUS-LIKE PROTISTS

A fungus is an organism that obtains food by absorbing it from dead organic matter
or from the body of a living host. There are two groups of organisms that are con-
sidered protists and yet their way of life and mode of nutrition are like those of the
true fungi. These fungus-like protists are the /s and the G nicold

Slime Molds

There are two major groups of slime molds: the Myxomycota, or the true siime
molds, and the Acrasiomycota, the cellular slime molds.

Myxomycota—True Slime Molds

The true slime molds live on the forest floor, where they grow in damp soil, on or
around rotting logs, and on decaying vegetation. They appear to be shapeless
globs of slime of varying colors: white, yellow, or red.

The life eycle of the true slime molds begins with a multinucleate mass
known as a pf dium. This pl dium glides about in amoeboid fashion, en-
gulfing bacteria and small bits of organic material. The nuclei that make up the
plasmodium are diploid. At some time in its life cycle the plasmodium stops mov-
ing and und change, developing stalk-like with Jed knobs
on top. These are fruiting bodies, and they support the structures known as spo-
rangia (sporangium, sing.}.

A %pnranglu.m is a structure that contains spores. The spores go through
meiosis, prod flagellated g The fuse and form a zvgote
which is not ﬂagcl]mni but instead, resembles an amoeba. This amoeba-like or-
ganism glides along the soil, engulfing food materials in phagocytic fashion. Its
diploid nucleus goes through a series of mitotic divisions not ac\:umpamcd by di-
vision of the cytoplasm. In this way the multinucleate pl | ps. The
life cyele then repeats (Fig. 7.7).

Acrasiomycota—Cellular Slime Molds

The life cycle of the cellular slime molds, often called the social amoebae, is
much different from that of the true slime molds, The fruiting bodies of the social
amoeba are called sorocarps. The spores are carried by wind, water, insects or
other means to new environments. Those spores placed in favorable environments
will germinate. As the spore wall disintegrates, an amoeba, using pscudopods,
pushes its way out onto the soil. These t ble other bae in struc-
ture. Each has a cell membrane, a nucleus, nucleolus, contractile les, food
. itochimdria and endoplesmic retical
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MEIOSIS
A}

Fruiting body “

Spores 1
1
)

!

'

Gametes

Zygote

FERTILIZATION
- lfp—

Fig. 7.7  Life cycle === Haploid stages
of a true slime mold <+—— Diploid stages

The free-living haploid amoebae feed on organic matter from the soil and
grow to an optimum size. They then divide by mitosis and cytokinesis, producing
daughter cells which, like the parent, have one haploid nucleus. Then their be-
havior changes. They stop feeding and begin to move in a directed manner toward
definite centers or collecting points where they form closely packed groups and
take on the formation of a compact mass of cells.

Fig. 7.8 Life cycle of a cellular ¢ Aggregation
slime mold == Haploid stages
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Next they become gmuped together forming a psendo-plasmodium or slug.

A very thin sheath of p haride material 1s the mass, but the cells
maintain their individuality. The f'm,g:r-shnpcd pscudoplammdlm‘n VS Bcrmes
the soil substrate slowly but in a di 1 way. y, the

front end of the pseudoplasmodium stops movm,g and the rear segment mme.s un-
derneath the front end to form a mound of cells. At this time, differentiation of
cells begins to take place. Stalk cells which give rise to a fruiting body are formed,
and the life cycle repeats (Fig. 7.8).

PLANT-LIKE PROTISTS

There are four major groups of plant-like protists,

The Euglenophyta

The euglenoids are rep 1 by the ism Euglena (Fig. 7.9). This unicel-
lular crpmsm has bath plant-like and animal-like characteristics. It has chloro-
phyll 2 and & and some carotenoids, and it is able to carry on photosynthesis.
However, Euglena lacks a cell wall, swims by using a flagellum, has a light-
sensitive red-orange eyespot known as the stigma and a large contractile vacuole.
Euglena also has a pyrenoid body that functions in the synthesis of p fum, &
carbohydrate storage product that is peculiar to the euglenoids. These i

Contractile vacuole

Fig. 7.9 Euglena
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| mitotic cell division. However, during mito-
sns the cell membrane remains intact and the nucleolus persists.

The Chrysophyta

The yellow-gi algac, the golden-b algac, and the diatoms are included
in this group. Most species in the Chrysophyta group are single-celled and re-
produce asexually. There are a few simple multicellular forms, The bers of
this group share certain ch; i They are pig d with chlorophyll a
and ¢ (lacking &) and contain the carotenoid fiscoxanthin, which gives them the
golden color, These protists live in salt water, fresh water, and in damp places
between rocks. They use a polysaccharide called chrysolaminaran instead of
Fig.7.10 A starch. Many of the Chrysophyta have two flagella of unequal length at the an-
chrysophyte .o end of the body (Fig. 7.10); but some have only one flagellum and others,
none.

The diatoms are diploid cells that lack Nagella. Their cell walls, composed of
two pieces, one fitting over the other, are impregnated with silica and pectin and
often have intricate patterns in the forms of pits and ridges. When the organisms
dlE‘, their shells fall to the bottom of the water where they disintegrate and form

us earth, a suk used as an abrasive in silver polish and deter-
gents, as the packing in air and water filters, and in paint removers, deodorizing
oils, and fertilizers.

Dinoflageliates

‘I'hc dinoflagellates are small protists and usually Lmlcellula.r Most of these or-

have two unequal flagella, one i dinally from the poste-

riar end of the cell, the other encircling the central part of the cell. Some di-

flagell extend trick like the Paramecium; others have nematocysts,
cells in the

The dinoflagellates have a most 1 nucleus. The cl do not

have centromeres and even during interphase remain in evidence as short, thick-

ened rods. During mitosis, the nuclear membrane and the nucleolus remain, and

no spindle is formed. Most species reproduce asexually by cell division and make

up nne of the lwo mam groups of phytoplankton. Some species—Noctiluca, for

are biol ent, giving ofT light like a firefly.

SOME ATYPICAL PROTISTS

Cn.ryublnslu is a phylum of protists containing only one species, the giant

Pel palustris. This organism lacks mitochondria
and other organelles characteristic of eukaryotic cells. The nuclei divide with-
oul mitosis. Pelomyxa palustris lives as a parasite inside the cell of a host
organism.

Microspora is a phylum of heterotrophic protists. They are small parasites
that lack mitochondria and live inside the cells of their hosts, whuch xnclude
arthropods, chordates, and all classes of verteb After a microsp in-
fects a cell, a multicellutar plasmodium forms. The plasmodium then undergoes
multiple fission, producing offspring. The mass that results resembles a single-
cell tumor called a xenoma.
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Importance of Protists to Humans

The quality of human life is in part determined by the ability to be free of disease.
The disease-producing protists affect the health of large populations of people
throughout the world. One such protist-initiated disease is amebic dysentery, a
painful condition of bleeding ulcers caused by a type of amoeba that parasitizes
human i ines. This protist-pathogen is passed to people through contaminated
food and water. We have alrendy mentioned two pathogenic protists carried by in-
sects—Tr g and Pl ditim vivax,

YF

The red-pig 1 dinoflagellate Gonvaul lwclnthc waters of the Gulfof
Mexico off the Florida coast. At times this org reprod plosively and
uncontrollably coloring the waters red. This so-called “red tide” poisons millions
of fish and does harm to people who eat these fish.

Many other protist species are helpful to humans. Slime molds help to keep
an ecological balance by feeding on decayed plamt and animal marter. These or-
ganisms also have a great deal of value as research specimens for investigators
who are trying to ferret out the secrets of cell specialization and diffe

Plankton is the mass of green that ﬂoms on rivers, lakes, s.nd oceans. In re-
ality, protists—microscopic “plant™ life (p lank and mic ic

‘ani-
mal” life (zooplankton)—intermingle \mh mu‘l:ual benefit in this ﬂcntmg mass,
which serves vital roles in the food chains of aquatic species.

Connecting Through Chapter Review
WORD-STUDY CONNECTION

chytrid nematocyst social amocha
cilia oral groove sorocarp
colony paramylum sporangium
conjugation pellicle stigma
contractile vacuole plankton symbiosis
cyst plasmodium trichocysts
diatom protist tselse
diatomaceous earth protozoa zooflagellate
dinoflagellate pseudoplasmodium zooplankton
fungus pseudopod Z00spare
hypochytrid pyrenoid body zygole
macronucleus rhizoid
micronucleus slime mold

SELF-TEST CONNECTION
PART A. Completion. Write in the word that 1 pletes the

1. One-celled protists that resemble animal cells are the ..1..
2. Another name for a “self-feeder” is a (an) ..2..

3. Amoebae move by means of false feet known as 3.

4, The usual mode of reproduction in protozoa is ..4..
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5. The relationship in which two organisms of diff species live together and
neither is harmed by the association is known as 5.,
6. Digestion in Amoeba proteus takes place in the ..6..
7. The Sporozoa are harmful to organisms of other species and are therefore
classified as ..7..
8. Anopheles is the genus name of a 8.,
9. The organclle that expels excess water from the protist is the .9..
10. In Paramecium, the nucleus that controls metabolic activity is the ..10..
11. The body of the paramecium is prevented from being totally flexible by the
L
12, The form of reprocluction in which like gametes fuse is called ..12..
13. The plasmodium is a stage in the life eyele of ..13..
14. A spore-producing structure is known as ..14..
15. Sorocarps are correctly associated with the ..15.. slime molds.
16. In Euglena, the stigma is sensitive to .. 16..
17. The cell walls of the diatoms are impregnated with pectin and ..17..
18, Diatomaceous earth forms from the ..18.. of diatoms.
19, The number of flagella usually found in dinoflagellates is ..19..
20. The number of flagella usually present in diatoms is ..20..

PART B. Multiple Choice. Circle the letter of the item that correctly completes
each statement.

. Classification systems are best described as being
(a) unchanging (c) unrcliable
(b} fixed (d) artificial
2, The evolution of protists involved the development of
(a) membrane-bound organelles
(b) a discrete nucleus
(e} functioning mitochondria
{d) an active Golgi

3. Protists live
(a) on land (¢) in fresh water
(b) in the sea {d) in all of these

4. The primary purposc of the protozoan cyst is o
{a) produce new organisms
(b) survive unfavorable conditions
(c) increase the metabolic rate
(d) aid in better nutrition

S, Try gambi is the ism thal causes
(a) botulism
(b) cholera
(c) African sleeping sickness
(d) malaria
6. Limestone and chalk deposits are found in the shells of dead
(a) diatoms () Foraminifera
(b} Sarcodina (d) zooflagellates
7. Fi dium vivay is the organism that causes
(a) botulism {c} African sleeping sickness
(b} dysentery (d) malaria
8. Trichocysts in ciliates serve mainly
(a) as defense mechanisms (c) to expel water

(b) to gather food (d} for movement
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9. used for | ion in the protists included all of the following
except
() pseudopodia (e} cilia
(b) legs (d) flagella
10. The best way to prevent malaria is by destroying the breeding places of
(a) Flasmodium vivax (c) tsetse flies
(b) Trypanosoma vivax (d) Anopheles mosquitos
11. Paramecia move by means of
(a) flagella (¢) trichocysts
(b} cilia (d) psendopodia
12, Flagellated pametes produced by chytrids are the
(a) zygotes (c) zoospores
(b) zooflagellates (d)} zymogens
13. Rhizoids are structures specialized for
(a) reproduction (c) locomotion
{b) absorbing nutriems (d) providing rigidity
14, The plasmodium of true slime molds is best described as
{a) multinucleate {c) binucleate
(b) uninucleate (d) prokaryotic

15. In part of the life cycle of the true slime molds, sporangia are supported by
structures known as
(a) hyphae (¢) rhizoids
{h) mycelia (d) fruiting bodies
16. During mitosis in Eugfena
(a) the nucleolus disappears
{b) chromosomes do not form
{c) the nuclear membrane persisis
{d) transverse fission occurs
17. The yellow-green algae lack
{a) chlorophyll a (€) chlorophyll ¢
{b) chlorophyll & (d) caratenoids
18. An organism that lives inside of another and does harm to its host is known
as a (an)

{a) autotroph (¢) saprophyte

{b) symbiont (d) parasite
19. Noctiluca is noted for its

{a) reproduction mode (€) swimming ability

{b) bioluminescense (d) apparent immortality
20. Nematocysts are used for

(a) swimming (c) gliding

(b) slinging (d) stinging

PART C. Modified True-False. If a statement is true, write “true” for your an-
swer. If a statement is incorrect, change the underlined expression to
one that will make the statement true.

1. Protists are prokaryotes.
2. Chromosomes in the eukaryotes are best described as gircular.

3. Protists descended from the same evolutionary lines,

4. Protozoa are unicellular autotrophs.

5. Protozea are classified according to methods of putrition.

6. Tnpanosoma gambiense is carried by the insect known as the house fly.
7. Trypanosoma gambiense is best classified as a dinoflagellate.
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8. Plasmodium vivax requires two hosts: fly and human.
9. Adult sporozoans are motile.
10. The pseudopl fium of social bac moves in a directed way.
11. In Paramecium, reproduction is controlled by the macronucleus.
12. Chytrids are best classified as fung.
13, The nuclei in the plasmodium of the true slime molds is haploid.
14, The p id body in Euglena stores glycogen.
15. The chloroplasts enable Englena to carry out | phic nutrition.
16. The pigment fucoxanthin causes the green color in the chrysophyta.
17. Euglena swims by means of a flagellum.
18. The diatoms have po commercial value.
19. Water balance in the amoeba is conirolled by the food vacuole.
20. The ch in the dinoflagellate nucleus lack structures called
chromatids.

CONNECTING TO CONCEPTS

1. Why are protozoa classified as animal-like protists?

2. Study Fig. 7.8. Discuss cach stage in the llfl‘.' cycl: of a true slime mold.
3. What is the function of chlorophyll in Eug

4. Of what ial value are the diatoms?

ANSWERS TO SELF-TEST CONNECTION

PART A

1. protozoa 11. pellicle

1. autotroph 12. conjugation
3. pseudopodia 13, slime molds
4. asexual 14. sporangium
5. symbiosis 15, cellular

6. food vacuole 16. light

7. parasites 17. silica

8. mosquito 18, cell walls
9. contractile vacuole 19, two

10. macronucleus 20. zero
PART B

1.d 8 a 15, d

La 9.b 16. ¢

3d 10, d 1. b

4. b 1. b 18. d

Sc 1. ¢ 19. b

6. ¢ 13 b 20. d

7.d 4. a

PART C

1. cukaryotes 5. locomotion

2, linear 6. tsetse

3. diverse 7. zooflagellate

4, heterotrophs 4. mosquito
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9. nonmotile 15. autotrophic
10, true 16, yellow

11. micronucleus 17. true

12, protists 18, great

13. diploid 19. contractile

14, paramylum 20, centromeres

Connecting to Life/Job Skills

Microbiology is a field of study and employment that has grown very rapidly
over the past decade, Microbiology is an extensive science that branches off into
a number of specialized ficlds, including medical microbiology, clinical microbi-
ology, molecular microbicfogv, agricultural microbiology, plant microbiology,
and industrial microbiology. All of these fields provide employment to research
scientists, physicians, university teachers, hospital clinical workers, various levels
of technologists and technicians, and science writers. For information, contact the
American Society of Microbiology, 1325 Massach Ave. N.W., Washi
D.C. 20005; (202) 737-3600.

Chronology of Famous Names in Biology _

1667 Antonie van Lecuwenhock (Netherlands)—was the first person to
see and describe protozoa,

1786 Otto Frederick Muller {Denmark}—wraote the first treatise on proto-
zoa, titled Animalcula Infusoria,

1836 Christian G. Ehrenberg (Germany)-—wrote a beautifully illustrated
book deseribing 69 protozoa accu.mle!)r

1841 Felix Dujardin (France)—di 1 ing

1845 Friedrich Stein (Austria)—named the nrden and suborders of
pratozoa.

1880 Richard Hertwig (Germany)—di ik ininthe p
nucleus.

1959 John T. Bonner (United States)—made a number of investigative
studies that elucidated basic facts about the behavior and structure of
cellular slime mold.

1962 John T. Bonner (United States)—discovered that cAMP directs the
movement of the social amoeba toward a collection center,

1969 Robert wnimker (United Smtcs)— rmrgammd the classification
system into five kingd He assigned the lled cukaryotes to
the kingdom Protista.

1995 B. Franz Lang and Gertranr] Burger (Canada)—discovered that the
protist mitochondri of Recli americana is identical
in structure and ftmctlon to that of bacteria. This research establishes
an evolutionary link b b ia and the one-celled eukaryotes.




CHAPTER 8

THE FUNGI

In this chapter you will learn about fungi. The fungi are placed in a separate
kingdom. Although plant-like, fungi cannot make their own food. Fungi are im-
portant to plants and animals, including humans.

General Features of Fungi

Most fungi are cukaryotic, multicellular, and multinucl isms. Yeasts are uni-
cellular forms. The cells of fungi are different from those of other species because the
boundaries separating the cells are either entirely missing or only partially formed.
Thus fung are primarily coenocytic organisms; this means that the cells have more
than one nucleus in a single mass of cytopl. However, the ch istic that most
distinguishes the fungi from other organisms is their mode of nutrition.

Kingdom: Fungi

An absorptive mode {:,I"numﬂ(mpenmrrﬁmgi ter live as decomposers. The

f Is on the decomg processes of fungl. Fungi reproduce
by e-jecr.‘ng spores that are produced either sexually or asexually.
Some fungi are parasitic.

Chytridi Small, unicellul i Chytrids
flagellate spores, aquam:

Oamycota Water molds; aquatic; cell wall Albugo candida,
made of cellulose white rust

Ascomycota Sac fungi; marine, fresh-water; Morels, yeast,
some live in association with powdery mildews
algae

Zypomycota Zygote fungi; live on land, Rhizopus (black
saprobes bread mold)

Basidiomycota Club fungi: club forms at end Mushrooms
of each reproductive hypha

Deuteromycota Imperfect fungi: atypical fungal Ringworm, athlete’s
lifestvles foot
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All organisms require food, from which they extract energy. Unlike green plants,
fungi (fun-guy) cannot synthesize their own food from inorganic molecules. Nu-
tritionally, the fungi are classified as heterotrophs because they must obtain
their food from ready-made organic compounds, Animals, including | are
heterotrophs.

Fungi cannot engulf (surround) their food as do amoebae; nor can they eat
food as do animals that are equipped with mouths. Most fungi are saprophytes,
obtaining nutrition by absorbing dead organic matter. Some fungi, however, are
parasitic, absorbing their nutrition from living hosts. In either case, fungi must
live very near thclr food wpply in order to stay alive. Specialized fungal struc-
tures secrete dig (hyd ] into the food substrate. The organic
molecules of the substrate are made smaller by these enzymes and thus can be ab-
sorbed by the fungus.

BODY ORGANIZATION

()

Fig. 8.1
Spore

°==\’Rw,,,

Fig. 8.2
Germinating

spore

Fig. 8.3
Mycelium

The fungus begins its life as a spore (Fig. 8.1). A spore is a microscopic cell that,
under favorable conditions, will develop into a new individual. The cell wall of

the spore is thick and tough, resi to adverse envi | conditions. How-
ever, the spore is light in weight and is umported 10 new halntats by currents of
air. When a spore settles on its in favorable env | conditions,

its cell wall breaks open and the spore commences to sprout or germinate (Fig.
8.2). The germinating spore absorbs food and grows an elongated thread called a
hypha. As growth continues, many hyphae develop until they appear as a tangled
mass of threads. When many hyphae appear, the body of the fungus is now called
a mycelium (Fig. 8.3). A hypha gives ofl a chemical that makes other hyphae

grow away from it. In this way, competition for food is reduced among hyphae. In
general, the function of the mycelium is to absorb food and to produce new fun-
gus plants.

A microscopic study of a hypha provides interesting information about its
internal structure. Some hyphae are multinucleate with many nuclei sharing the
same mass of cytopl, without dividing b (Fig. 8.4). Other hyphae
are divided into compartments by septa. These compartments contain one or two
nuclei.

Parasitic fungi have structures called haustoria that are specialized to pene-
trate the cell walls of plants. The haustoria grow into plant cell cytoplasm and ab-
sorb nutrients directly from the cells which they parasitize (Fig. 8.5).

Nuclei

Fig. 8.4 Intemal view of a hypha Fig. 8,6 Haustoria
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METHODS OF REPRODUCTION

Reproduction in fungi usually ocl:urs by the production of spores. Special repro-

ductive hyphae called s il have growing at their tips sporangia
(sing., sporangium), or spore cases. It is within the spore case that reproductive
spores form.

Some fungi also reproduce veg ty. Ve duction is the
process by which a new individual is pmduoed I'mm a part nfl.he pnrenl‘s body
without involving sex cells. New individuals produced vegetati id

to the parent. Broken fragments of mycelia produce new fungus mdlv:duals iden-
tical to themselves.

In most fungi asexual reproduction (vegetative and sporulation) is aug-
mented by a sexual cycle, The sexual phase begins with the fusion of gametangia
(sing., gametangium), special gamete-producing structures. This is followed by a
fusion of special nuclei or gametes resulting in the formation of a zygote.

Major Divisions of Fungi

Mycota is the only phylum in the kingdom Fungi. It is divided into six divisions:
Chytridiomycota, Oomycota, Ascomycota, Zygomycota, Basidiomycota, and
Deuteromycota.

DIVISION CHYTRIDIOMYCOTA: CHYTRIDS

Until recently, this group of fungi was kmwn as c[a.ss I‘rmnmycnu and classified
with the fungus-like protists. Newer metk in k h have re-
vealed, | that the chytrids show an evoluti y relationship b the
protists and the fungi. The chytrids have some enzy and boli
that are present only in fungi and are not found in fungus-like protlst&

The chytrids are small, water-dwelling, unicetlular organisms not readily vis-
ible. Some chytrids live in association with a host organism or cell; others are
saprobes, obtaining nutrition by absorbing dead organic matter. One form of
chytrid is a haploid cell that lives within another cell. At a particular time, the nu-
cleus goes through a series of mitotic divisions without division of the cytopl

Y

Fig. 8.8 Chytridium (chytrid). The branched
hyphae absorb nutrients from the sur di
aquatic environment.




MAJOR DIVISIONS OF FUNGI 125

When the nuclear divisions are completed, a linle of the cytoplasm surrounds
each nucleus. Each new cell develops a flagellum. and these motile zoospores are
released into the surrounding water, (See Fig, 8.6.)

Chytrids are the only fungi with a flagellated stage. Some of the zoospores
may fuse and go through sexual reproduction. Others merely develop into vege-
tative cells, and then the process repeats. Significant fungal characteristics of
chytrids are a saprophytic (absorptive) mode of nutrition, cell walls made of
chitin, and hyphae.

DIVISION OOMYCOTA: WATER MOLDS

The Qomycota are primarily water molds, although some species live on land.
This is the only fungus division in which the cell walls are made of cellulose, not
of chitin, and in which the gametes are differentiated into male sperm and female
egg cells. Another characteristic of the division is that the spores are flageflated
and require free water for swimming.

Most of the Oomycota are saprobes, absorbing their nutrients from dead or-
ganic matter. Some species are parasitic and disease-producing. For example: Al-
bugo candida causes white rust on cabbage and other leafy plants, Saprofegnia, a
saprobe, grows as mold on the water-borne bodies of dead insects, fish, and frogs.

DIVISION ASCOMYCOTA: SAC FUNGI

Yeast is an example of a single-celled member of the Ascomycota. Yeast cells are
small, oval structures that reproduce by budding. Most Ascomycota, however, are
multicellular. This is the largest division of fungi, with about 30,000 species, in-
cluding the powdery mildews, black and blue-green molds, and the truffles and
morels.

The A | ly by means of very fine spores known as
conidia. The hyphac of the Ascomycota are divided into compartments by septa.
Each compartment contains its own nucleus, but pores in the septa allow the mi-
gration of cell from one comp 1o another.

The Ascomycota are so named because during part of the life cycle repro-
ductive cells are held in a little sac or ascus. At a certain time, two hyphae grow
together. Although their cytoplasm intermingles, the nuclei remain separate and
do not fuse, The new hyphae that grow from this fused structure have nuclei of
different genetic strains. The fused nuclei are known as a dikaryon. The dikaryon
fuses with nonreproductive hyphae to form a fruiting body in which the asci form.
At this time, within the cell that is to become the ascus, the two nuclei of the
dikaryon fuse. They now go through a series of meiotic and mitotic divisions, re-
sulting in eight haploid nuclet, which soon become surrounded by their own walls
to form eight ascopores that disperse when the ascus ruptures.

DIVISION ZYGOMYCOTA

Most of the Zygomycota are land-dwelling organisms that inhabit the soil and
carry out a saprobic way of life. Their hyphac are ooeuoq‘l.lc and the cell walls are
composed of chitin. Chitin is a tough, ni haride that is

present in the exoskeletons of insects and in the cell walls ofman species of fungi.
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Fig. 8.7 Bread
mold and spores

The type species of this division is Rhizopus stolonifer (Fig. 8.7), the black

bread mold. The life c_w.lc of Rhizopus begins with a germinating spore that is es-
blished on a | such as a piece of bread in a moist, warm, and

dark environment. Hyphae grow from the spore, eventually forming a mycelium.
Some of the hyphae become specialized into rhizoids, downward growing threads
that secure the mycelium to the substrate. The rhizoids have additional functions,
also. They send out digestive juices that break down the large organic molecules
of the substrate into smaller ones in the process of digestion. The rhizoids then
perform their third function by absorbing the digested material, Other specialized
hyphae grow upward. These are known as sperangiophores because they bear at
their tips sporangia that produce haploid spores.

During part of its life cycle, Rhizopus goes Ihruugh sexual reproduction. Hy-
phae of opposite mnung strains from a g gl a that p
special nuclei that function as ga The ia of ite mating
strains fuse. Some of their nuclei pair off and fuse forming d:]:llmd nuclcl A thick
wall covers the fused gametangia and their zygote nuclei to form a zygospore.
The zygospore remains dormant for a while. When the zygospore germinates,
meiosis takes place in the zygotes. An acrial hypha grows from the activated zy-
gospore. This hypha is a sporangiophore and supports a sporangium which pro-
duces many haploid spores. The life cycle repeats.

DIVISION BASIDIOMYCOTA: CLUB FUNGI

The Basidiomycota include the mushrooms, bracket fungi, and smuts. The life cy-
cle of the Basidiomycota begins when a haploid spore germinates, giving rise to
hyphae. Hyphae of different mating types fuse forming mycelia that are dikary-
otic. Most of the life history of the mushrooms and their relatives takes place in
the dikaryotic stage.

The name of this division is derived from the basidium (club) that forms at
the tip of each reproductive hypha. Inside cach basidium, the two haploid nuclei
fuse, forming a diploid nucleus. This nucleus undergoes meiosis, thereby pro-
ducing four haploid nuclei. The haploid nuclei move to the outer edge of the ba-
sidium. Each nucleus t ded by an elongated cell wall in a struc-
ture known as the basidiospore. The basidiospore is maintained on a delicate stalk
that separates it from the rest of the fungus. Dissemination of the spore takes
place when the stalk breaks and is carried away by the wind.
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DIVISION DEUTEROMYCOTA: IMPERFECT FUNGI

This division contains the species known as “Fungi Imperfecti” The species that
puzzle taxonomists are put into this division. Most of these organisms have life
cycles that are not typical of fungi. Since sexual reproduction has not been ob-
served in these species, they are called imperfect fungi. The organisms that cause
the human diseases of ringworm, athletes foot and thrush are classified as
Deuteromycota.

Special Nutritional Relationships

LICHENS

Fungi are often found associated with other species in special relationships. When
two different species of organi live together, the relationship is called sym-
biasis. If the relationship is of mutual benefit to both species, it is called mutu-
alism. When one species benefits and the other does not but is not harmed by the
association, the condition is known as When one species lives
at the expense of another, doing harm to its fosr, the relationship is parasitism.
Disease-producing organisms are parasites.

Lichens are pioneer organisms that can inhabit bare rock and other uninviting
substrates. They live on the barks of trees and even on stone walls. A lichen is a
combination of two organi an alga and a fungus—that live together in a mu-
talistic relationship. The alga carries on photosynthesis, while the fungus ab-
sorbs water and mineral matter for its partner. The fungus also anchors the lichen
to the sul Scientists have ds ined that the alga in this partnership can
live alone. The fungus, which may belong to the Ascomycota, the Deuteromycota,
or the Basidiomycota, cannot exist by itself and is therefore the dependent mem-
ber of the team. New lichens are formed by the capture of an alga by a fungus. If
the fungus kills the alga, the fungus also dies.

MYCORRHIZA

Several fungus species, including mushrooms, live in close association with plant
roots, The mushroom absorbs minerals from the soil and passes them along to the
plant on which it lives. This association is known as myeorrhiza, meaning “fun-
Bus root.” Scientists are not sure how the plant helps the fungus, but it is known
that most plant families grow better when in association with fungi.

!mportance of Fungi to Humans

From the viewpoint of environment and ecology, fungi help to keep the natural
environment in balance. Species dependent on dead organic matter as their source
of nutrition assist with the breaking down of fallen leaves, the dead bodies of
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plants and animals, and animal wastes. Fungi have the ability to absorb moisture
from the air, a characteristic that permits them to live in environments that do not
have adequate soil water as required by other species.

Most fungi are not pathogenic to humans, However, some nonparasitic fungi
do work against human interests, There are fungus specles that live quite well di-
gesting such unlikely sub as the insul: on telef wires, leather,
polyvinyl plastics, cork, hair, and wax, Other species cause the mildew of cloth-
ing, wallpaper, and books. Wood-rotting fungi destroy the wood construction in
houses and ships.

Parasitic fungi invade plants more readily than animal bodies. Diseases of
food crops can have disastrous effects on human populations. The comycete Phy-
rophthora infestans caused the potato blight in Ireland, resulting in a devastating
famine between the years 1845 and 1851, and Plasmopara viticola, the cause of
downy mildew of grapes, nearly ruined the wine-making industry of France, Er-
got, a disease of rye, is caused by the ascomycete Claviceps purpurea. Ergotism,
the disease that affects humans who eat the infected rye, induces gangrene, ner-
vous spasms, convulsions, and psychotic delusions, Ergot is the source of the hal-
lucinogen LSD. Other plant di caused by Ascomy are peach leaf curl,
Dutch elm disease, chestnut blight, and apple scab. Chestnut tree blight was first
noticed in 1904 by Herman W. Merkel of the New York Zoological Park in I.he
Bronx, New York. Continuing into the present, g ions of h my
gists (scientists who specialize in the study of fungi) have been trying to ﬁ.nd
ways to inhibit the growth of Cryphonectria parasitica. This pathogenic fungus
has invaded American chestnut trees, killing off vast populations until just a few
of these once-mighty trees remain. The eastern part of the United States is the nat-

ural range for these trees. R 1y, the DNA in the itic fungus has

becn :dennﬁcd Rn:se:ur.h :.cnennsts are at work lrym,g to find ways 1o decrease the
gth of Cr

Some A I , are b 1 to humans, These include the truf-

fles and the morels, ed:ble fruiting bodies, that can cost anywhere from 5250 1o
$1,400 a pound in New York. Saccharomyces cerevisiae is the species of yeast
needed in the fermenting processes of malt, barley, and hops to make beer. The fer-
menting of grapes produces wine. Another species of yeast is used in making dough.
The Fungi Imperfecti include Penicillium notatum, the source of the antibiotic
penicillin, as well as the species that help to ripen Roquefort and Camembert cheeses.
Say sauce is prepared by fer 1 wh with the mold Aspergilius oryzae.

Connecting Through Chapter Review
WORD-STUDY CONNECTION

ascospore gametangium rhizoid

ascus germinate saphrophyte
basidiospore haustoria saprobe

basidium host septa

blight hypha sporangiophores

chitin lichen sporangium

coenocytic mutualism spore

C li yceli symbiosis

conidia mycarrhiza vegetative reproduction

dikaryon parasitism Tygospore
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SELF-TEST CONNECTION

PART A. Completion. Write in the word that correctly completes each
statement,

1. A cell that has several nuclet in a single mass of protoplasm is called a ..1..
2. Fungi absorb dissolved food molecules from dead organic matter and thus
are classified as ..2..
3. Hydrolytic enzymes are the same as ..3.. enyzymes.
4. Vegetative reproduction does not involve ..4.. cells,
5. Conidia are cells known more commeonly as ..5..
6. An example of a unicellular ascomycete is ..6..
7. Rhizoids secrete substances that serve the purpose of .7..
8. The combination of an alga and a fungus living in a mutwalistic relationship
iscalled a 8.
9. Ringworm is a ..9.. infection and not one caused by worms.
10. A cell that has two nuclei originating from different genctic strains is known
asa..li.
PART B. Multiple Choice. Circle the letter of the item that correctly completes
each statement.

1. A saprobe is an organism that
(a) absorbs material from living cells
(b) absorbs material from dead cells
(c) ingests dead organic matter
{d) ingests living organic matter

2. Septa are
(a) compartments (¢} dividing walls
(1) double nuclei (d) masses of protoplasm
3. Gametangia are asseciated with
(a) sporulation (¢) genmination
(b) vegetative reproduction (d) sexual reproduction
4. The only fungus division in which the gametes are differentiated into sperm
and egg is the
(a) Oomycota (€) Ascomycota
(b) Zygomycota (d) Basidiomycota

5. A dikaryon is a cell that has
(a) a single nucleus and lots of cytoplasm
(b} perforated cell membranes
(e) two nuclei of different genetic strains

(d} ami leus and a lew
6. Zygospores are characteristic of the fungus division
(a} Oomycota (¢) Basidiomycota
(b) Fungi Imperfecti (d) Zygomycota
7. Black bread mold is the type species for the fungus division
(a) Oomycota (¢) Deuteromycota
(h) Basidiomycota (d) Zygomycota
8. Each class in the kingdom Fungi uses special methods to produce
(a) hyphae i (e) mycelia
(b) thizoids : (d) sporcs

w

. Fungi Imperfecti are so named because
(a) sexual reproduction has not been observed in them
(h) they cause human disease
(c) many of their hyphae are missing
(d) they do not reproduce by spores
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10. The disease of rye which is devastating to humans is known as
(a) morel (c) ergot
(b) truffle (d) ringworm
PART C. Modified True-False. If a statement is correct, wnite “true” for your

answer. If a statement is incorrect, change the underlined expression o
one that will make the statement true.

1. Most of the fungi begin life as zygotes.
1. To germinate means 10 coplanunate.

3. Flagell ing spores are ch istic of the fungus division
Zygomycola.

4, A fungal disease of the American chestnut tree is commonly called ust.

5. A nitrog ining polysaccharide that comp the cell walls of most
fungi is gellulose.

6. Rhizopus stolonifer is the scientific name for blue-green mold.
7. When two gametes fuse, a zygospore is formed.
8. An example of the division Basidiomycota is water mold.
9, The word basidium means mold.
10. Pioneer organisms that can inhabit bare rocks are lichens.

CONNECTING TO CONCEPTS

1. Why do fungi have to live near their food supply to stay alive?
2. What role is played by spores in the lives of fungi?

3. How do the water molds differ from other fungi?

4. Of what commercial value is yeast?

ANSWERS TO SELF-TEST CONNECTION

PART A

1. coenocyte 6. yeast

2. saprobes 7. digestion
3, digestive B. lichen

4. sex 9. fungus

5. spores 10. dikaryon
PARTB

I.b S.c 9 a
e 6. d 10. ¢
3d 7.d

4. a 8.d
PART C

1. spores 6. black bread mold
2. sprout 7. zygote

3. Oomycota 8. Oomycota
4. blight 9. club

5. chitin 10, true
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The study of the fungus pathogen that causes chestnut tree blight was begun in
1904 and continues today, representing nearly 100 vears of rescarch. You can
sharpen your research techniques by finding out what field scientists and labora-
tory imvestigations have revealed about the life history of Crphonectria parasit-
ica. A good place to start is the Internet at www.sciam.com, the Scientific Amer-
ican website.

Chronology of Famous Names in Biology _

1904

1906

1929

1975

1981

Herman W, Merkel (United States)— was the first to notice the dis-
case (blight) affecting American chestnut trees.

William A. Murrill (United States}— pave the fungus infecting the
American chestmut tree the name Digparthe parasitica. This patho-
genic fungus has been renamed Cryphonectria parasitica.
Al fer Fleming (England)—di 1 the antibioti
of the fungus Penicillium notatus.

Albert Hoffman (Switzerland)—isolated LSD from ergot and discov-
ered its powerful hallucinogenic properties.

Antonio Biraghi (Italy)—di d a fungal pathogen of the Euro-
pean chestnut tree that had lost its virulence. This discovery led to ge-
netic research of chestnut tree blight.

Jean Grente (France)—isolated the hypovirulent strain of the patho-
genic fungus in the European chestnut tree.

Richard Lister and Eileen MofTitt (United States)—discovered that
the hypovirulent and virulent strains of C. parasitica show differences
in their DNA,

Joseph R. Newhounse (United States)—developed a technique for
preparing the fungus C. parusitica for study via the clectron microscope.




CHAPTER 9

THE GREEN PLANTS

The Plant Kingdom

OVERVIEW

I n this chapter you will be taken on a journey through the kingdom of the green

plants, Some green plants are very small, consisting of a single cell, Other mem-
bers of the Plantae, such as the giant sequoias in California, are enormous. You
will learn why organisms of such diversity are classified in one kingdom.

Taxonomists group all green plants in the kingdom Plantae, This kingdom con-
sists of some single-celled species that include free-living cells, cells that live to-
gether in colonies, and some cells that adhere together in long filaments. How-
ever, most members of the Plantae are multicellular. Although multicelfular
means “having many cells,” the concept of multicellularity involves more than
numbers of cells. It embraces several ideas about cell structure and function. One
such tdea concerns cell specialization in which cells are “programmed” to carry
out special tasks. Cell specialization in multicellular plants also brings with it a
division of labor in which groups of cells in tissue formation work together to
perform some special life function of benefit to the entire plant organism. An-
other diti v to all specialization is the evolution of cell structures
that permit specialization and difference in cell function.

As implied in the term green plants, members of the kingdom Plantae con-
tain the green pigment chlorophyll. Not only does chlorophyll color plant leaves
and some stems green, it, more importantly, traps light energy that is used in the
process of ph hesis. As an of photosynthesis nutrient molecules
are made, serving as food for both plants and animals.

Most species of the kingdom Plantae are i i to one place,
and unable to move about, but a few of the lower plants are motile for at least part
of the life cycle. However, the evolutionary trend exhibited in green plants is to-
ward stationary organisms that carry out their life functions on land in locations
where they remain for life. Lower plant species equipped to swim about live in
salt and fresh water. Higher plants are terrestrial (land-dwelling).
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LOWER PLANTS

The lower plants are not differentiated into roots, stems, and leaves. The simple
body of lower plants is cither a single cell or a flat sheet of simple cells. Lower
plants do not have specialized tissues to carry water, to anchor the plants, or o
grow new cells. As a rule, the sex cells of the lower plants are produced in rather
simple sex organs that are not protected by a surrounding wall of cells. The zy-
gotes do not develop into embryos that are contained in a female reproductive or-
gan. Most of these plants live in fresh water, although there are a few saltwater
forms. Some species live in damp soil or on the bark of trees.

The green algae, the brown algae, and the red algae comprise the three divi-
sions of lower plants.

Chlorophyta—Green Algae

Green algae belong to the Chlorophyta. The scientific name tells that these algae
contain the green pigment chlorophyll, OF interest to botanists is the fact that

bers of the Chlorophyta are considered to be the of the higher land
plants based on three points of evidence, First of all, green algae have chlorophyll
a and b in the same amounts as cells in higher plants. Second, green algae store
food in the same form as do the higher plants. Third, green algae, like the higher
plants, have well-defined cell walls made of cellulose.

The Chlorophyta includes forms such as Chlamyd: that typically live
as single cells, simple and complex colonial forms, and forms like sea lettuce that
typically undergo a life cycle known as aliernation of generations (see page 135).

Chiamydomonas

Chil ! is a unicellul ph that is a rep ive type of green
algae. In some ways it resembles cells of the Protist Kingdom, because it lives in
water, is motile, and has a pair of flagella (Fig. 9.1). However, biochemical analy-
sis of its chlorophylls, carotenoids, and stored food reveals that these compounds

Flagellum

Large chloroplast,

Cell wail
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Fusing gametes

g Zygole

Fig. 9.2 Gamete formation in Chlamydomonas

are identical to those in the cells of green land plants. Scientists believe that
Chlamydomonas represents the general type of unicellular algae from which mul-
ticellular green plants evolved.

Chilamyd is an oval-shaped cell with a haploid nucleus. Although its
pigments and starch granules are identical with those of higher plants, its cell
wall, unlike that of other green algae, is composed of glycoprotein, not cellulose.
Sticking out from the anterior end of the organism are two flagella of equal
length. The large cup-shaped chloroplast fills up nearly the entire volume of the
cell. Inside the chloroplast there are I sacs that contain the chloro-
phyll. At the bottom portion of the chloroplast is a rather large, circular pyrenoid
body that functions in the synthesis and storage of starch. The stigma, a light sen-
sitive eyespot, is located inside the chloroplast. Two contractile vacuoles that open
and close alternately lie at the base of the flagella.

Before the onset of cell division, certain changes take place in the vegetative
Chi / cell. The i hes itself to some object in the water and
both of the flagella are resorbed into the cytoplasm. The once motile cell is now
sessile. Mitosis and cytokinesis take place resulting in two identical daughter
cells, These cells are retained within the membrane of the parent cell and quickly
divide once more. Four identical flagellated i are now rel d from the
confines of the old cell wall, These cells grow and mature into vegetative Chlamy-
domonas organisms. This form of reproduction is asexual, and it is the usual
mode of reprod in Chiamyde

Under unfavorable conditions (low nitrogen content in the water, for exam-
ple), Chlamydomonas undergoes a primitive form of sexual reproduction. The
vegetative Chlamydomonas cells go through several mitotic divisions, releasing
several small ﬂagellami cells into the water, These cells are known as isogametes,

that are indistinguishable from each other. The isogametes pair off, at-
tached to each other end to end by the flagella. The cell wall slips away from each
cell. Their cytoplasms fuse, forming a diploid zygote. A thick protective cell wall
surrounds the zygote before it falls to the bottom of the pond. The zygote remains
mncuw: and survives such an extreme condition as the drying of the pond. When
nv 1 li p the zygote goes through a meiotic division
forming zoospores that mature into haploid vegetative Chlamydomonas cells
(Fig. 9.2).




Fig. 9.4
Sea lettuce
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Calonial Forms of Chiorophyta

The evolutionary trend from the unicellular Chlamydomonas to cells that can sur-
vive only when associated in a colony can be traced quite efficiently in the
Chlorophyta. Genium is a genus in the division Chlorophyta. Each Gonfum
species lives as a simple colony of cells. The cells of Gonium look very much like
the single cell of Chlamydomonas. However, instead of living singly, they are held
together in a gelatinous disk. The colony swims as a unit and the cells divide at
the same time. Sexual reproduction in CGonium follows the pattern set by Chlamy-
domonas in that isogametes fuse to form a zygote.

Pandorina, another colonial form of green algae, shows a bit more com-
plexity than Gonium. In Pandorina, the colony has an anterior end and a poste-
rior end as shown by the orientation in swimming. Cells in the Pandorina colony
cannot live alone and the colony dies if broken apart. The male gametes of Pan-
dorina are smaller than the female gametes, Since the gametes can be distin-
guished, this type of sexual reproduction is known as heterogamy. Since their only
distinguishing characteristic is size, they arc known as anisogametes (Fig. 9.3).

Further colonial development is shown in the genus Endorina. The cells of
the anterior portion are more dominant than those of the posterior region, and the
nonmotile female gametes are fertilized by the smaller, free-swimming male ga-
metes inside the colony, The condition in which the sperm cell is motile and the
egg cell is nonflagellated and ile is called vog

Colony development in Fafvex is significantly more advanced than in any of
the other green algae. Colonies in the Folvax genus are large, consisting of 500 to
50,000 cells. Cytoplasmic strands between the cells pcrmlt mmmum:aunn Maost
of the cells are vegetative and do not function in 1 in the
posterior half of the colony are a few large cells whlch are specialized for repro-
duction. Among these colonial forms we see an increase in the number of cells
that make up the colonies, in the communication among cells, and in the special-
ization and differentintion of cells.

Gelatinous matrix Flagella

Fig. 9.3 Pandorina.

Nucleus The cells are confined
in an intercellular bed

or matrix of gelatinous
Flagellated cell material.

™ ion of G .

The sea lettuce Ubva is a green algae that lives in salt water, Its body has the form
of a flat, leafy thallus and is two eell Iaycrs thick (Fig. 9.4). The life cycle of Ulva
is described as alternation of g one ion of Ulva i is pro-
duced sexually by gametes while the next ion is produced

zoospores, To the naked eye, there is no difference in the structitres of the sea Jet-
tuee produced sexvally and asexually,
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Sporophyte

Fig. 8.5

Alternation of
generations in
sea lettuce {Ulva)

The gametophyte generation is a haploid thallus from which small, flagel-
lated gametes are released into the water. A thallus is a flat sheet of photosyn-
thetic cells. They pair off and fuse. Each fused pair of gametes forms a zygote
that, after a short time, becomes a diploid thallus of a new generation of Ulva.

The diploid thallus is the sporophyte generation. It produces haploid
zoospores that develop and grow into a haploid thallus, which is now the game-
tophyte (Fig. 9.5).

Phaeophyta—Brown Algae

Most species of brown algae are marine, inhabiting the cooler ocean waters. They
grow attached to rocks along the shallow waters of seacoasts. The brown algae are
commonly called seaweed.

Species of the Phaeophyta are the largest of the algae and may reach lengths
of 45 meters or more. Kelps are massive brown algae found usually on the Pa-
cific Coast. They contain chlorophylls @ and e, but lack chlorophyll &. The brown-
ish pigment fucoxanthin gives them their characteristic color. In structure, the
brown algae are quite complex, showing considerable differentiation among the
cells. Most species have holdfases that secure them to rock substrates. Some
species have stem-like and leaf-like parts. Many species have air bladders, which
give them buoyancy.

Fucus is a representative species of the Phaeophyta. Figure 9.6 shows its
general structure, including the very prominent air bladders. Fucus, also known
as bladder wrack and rock weed, lives on the rocky sea shores of temperate seas.
The thallus of Fucus is unusual in that it has repeated double branches, with en-
larged tips commonly called concepracies. These o placles hold the sex or-
gans. The antheridia contain the sperm, while the cogonia hold the egg cells, In
some species the male and femnale sex organs are on separate plants; in other
species they are produced in the same conceptacle. Gametes are released into the
water through pores at the tips of the conceptacles. An egg cell fuses with a sperm




THE PLANT KINGDOM 137

Conceptacle

Bladder

Fig. 9.6 Fucus, the rockweed

cell to form a zygote. The zygote grows into a diploid plant. The haploid game-
tophyte stage is completely missing in Fucus.

Rhodophyta—Red Algae

The red algac are seaweeds inhabiting the warmer waters of the oceans and living
at considerably greater depths than the brown algae. Very few specics grow in
fresh water. The leaf-like structures of a red alga are branched and filamentous,
appearing rather feathery, Some species resemble gelatinous ribbons.

The life cycles of most species of Rhodophyta are quite In gen-
eral, they go through some sort of alternation of generations. During the asexual
phase, the red algae reproduce by nonmotile spores. The heterogametes involved
in the sexual generation are nonmotile also. The male gametes are carried by cur-
rents of water to the female sex organs known as carpogonia. For a short while,
the sperm cell sticks to the elongated tip of the carpogonium. Then the sperm cell
nucleus passes through the wall of the elongated tip and into the inner region of
the carpogonium. There, the sperm nucleus fuses with the nucleus of the egg cell.

Some representative genera of red algae are Chondrus (also called Irish
“moss”), Polysiphonia, and Nemalion. The cell walls of the red algae are made
of a combination of cellulose and a gelati inl, The reserve carbohyd
stored in the cells of red algae is known as floridean starch; it is not a true starch.

The Rhodophyta contain both chlorophyll @ and chlorophyll &, The latter is a
type of chlorophyll not found in any other species of plants. The characteristic
color of the red algae is givcn by the pigmcnl:ph\mﬂ)ﬁrm

The value of pig 10 the phot thetic process is demon-
strated by the red algae. Chlnmphyl] a is ﬁw plg:mem acmehr involved in trap-
ping light energy for use in ph hyll & cannot trap
light energy at the depths at which the red alg:w grow. The pigments phyveocyaning
and phycoerythrins can and they pass the energy along to chlorophyll a.

Red algae have a great deal of commercial value. They are dried and ground
up to be used as agar for bacterial media. They also form colloids that are used as
suspending materials in ice cream and binders in puddings and chocolate milk,

HIGHER PLANTS

Higher plants have developed a number of adaptations for life on land—struc-
tures and biochemical methods for conserving water that is necessary for all of
the biochemical activities of the cell and thus for the maintenance of life. Chief
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among these was the evolution of sex organs that are protected by
@ sur ding layer of productive cells. Antheridia are male sex organs
whcm sperm cells are pmd'ucod Egg cells arc contained in organs called

ia. Gametes enclosed in these organs are protected against drying out.
Amlhcr adapuation for the prevention of water loss in the embryophytes is the
cutin covering, a waxy substance impregnated in cell walls, which provides wa-
terproofing to epidermal tissue and prevents evaporation of water. The higher
plants also have special vascwlar or water-carrying tissues designed to distribute
waler efficiently throughout the plant body.

Bryophyta—Mosses, Liverworts, and Hornworts

The bryophytes are the first green land plants. They are primitive, small, and in-
conspicuous, Although multicellular, the tissue differentiation is quite simple.
Bryophyte species have no tissues that are specialized for water-carrying and no
cambium specialized for growing new cells. Bryophyte species do not have true
stems, leaves, or roots. Simple roat-like structures called rhizoids anchor the
plants 1o the ground and absorb moisture from the soil.

Alternation of generations oceurs in all bryophytes. The larger and more no-
ticeable g ion is the g phyte, which usually supports a smaller (some-
times parasitic) sporophyte, Cilated sperm cells, produced in the antheridia,
swim to the archegonia and fertilize the egg cells held therein. The sporophyte
generation begins with the zygote and is therefore diploid. Special cells in the
sporophyte go through meiosis and produce haploid spores that begin the game-
tophyte generation.

There are 23,000 species of bryophytes among which are the mosses (Fig.
9.7), the liverworts, (Fig. 9.8) and the homworts, a group of plants structurally
similar to the liverworts,

Capsule
Sporo- P
phye
Leaves
Gamelo-,
phyte Rhizoids
Fig. 8.7 Moss Fig. 9.8 Liverwort

Tracheophyta—Vascular Plants

The vascular plants are truly land-dwelling plants. They have developed adapra-
tions that permit them to live on land independent of bodies of water. The word
vascufar means that these plants have a water-carrying system. Water is con-
ducted upward from the roots by xylem tubules. Fluid compounds are conducted
downward from the leaves 1o lower plant organs by the phloem tbules,

The trachcophytes are divided into five subdivisions: psilopsids, club
mosses, horsetails, ferns, and seed plants,



Fig. 9.9
Club moss—
Lycopodium
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Psilopsida

There is disag; among | ists as to whether there are two living
genera— Psilotum and Tmesiperteris—of psilopsids or whether all members of
this subdivision are extinct. The plants that may represent the psilopsids have
rather simple bodies, with branched stems, but no roots. The leaves are absent or
very small,

I jda—Club M

LYCOF

There are about 900 living species of club mosses. Plants in this group are usu-
ally one meter or less in height. Many are ground creepers. The club mosses have
water-carrying (vascular) tissues and true roots, stems and leaves. The leaves are
small and spirally arranged on the stems. The popular name of the Lycopsida is
derived from the arrang: of the sy gia which are clustered on leaves
formed into cones or strobili. The cones are positioned on the tips of stems as
shown in Fig. 9.9. Some club moss species bear one type of spore and one type
of gametophyte; such species are described as being homosporous. Other species
of club moss are heterosporous because they bear two types of spores and pro-
duce two types of gametophytes.

Sk, ) I an

Only 25 living species of Sphenopsida remain. The horsctails are true land plants
having a vascular system, true roots, stems, and leaves. Although the leaves are small
and scale-like, they carry on photosynthesis. Horsetails grow well in both tropical
and temperate climates, along river banks and in moist tracts of land (Fig. 9.10).
The life cycle of the horsetails involves alternation of generations. The
sporophyte generation is the conspicuous generation, Its haploid spores give rise

to a small plant known as a prothallus. The prothall P the gamct&
phyte ion. The zygote i hed to the phyte and Iy
becomes the sporophyte.

‘The cell walls in the leaves and stems of horsctails contain silica (sand), mak-
ing the dried, ground stems useful as scouring powders.

Fig. 9.10 The horsetail—
Equisetum
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Fig. 9.11 Femn leaf showing spore cases

Pteropsida—Ferns

The fern plant used in flcm‘cr quets is the sporophy ion. R I
that the sporopk prod asexual spores. The mature fern has true
roots, leaves, and stem. Ferns growing in li have an underg |

stem called a rhizome, “hlth grows in a hunmnlal position. The rhizome not
only stores food materials, but also gives rise to new fern plants that grow along
its length, The stems of tropical species grow upright in a vertical position and
serve as trunks of tree ferns.

Fern stems are composed of xylem and phloem vascular tissues but they do
not have the growth layer of embryonic cells known as cambium. Growing from
the lower side of the rhizome are fibrous roots, which absorb water and dissolved
minerals from the soil. The leaves grow out from the top of the rhizome and break
through the ground, Ferns have compound leaves composed of many leaflets.

The leaves of ferns serve a dual purpose. First, the green pigment chlorophyll
enables them to carry on photosynthesis to produce food for the plant. Second,
the undersides of certain green leaves are covered with small structures that re-
semble brown dots. Each dot, called a sorus, is really a cluster of spore cases (spo-
rangia) (Fig. 9.11). Inside the sporangia, haploid spores are produced. When the
spores are ripe, they are discharged from the spore cases and carried by the wind
to new soil habitats. A germinating spore grows into a small, inconspicuous,
heart-shaped gametophyte plant. The fertilized egg cell becomes a zygote that de-
velops into a young sporophyte plant that is nourished by the gametophyte. Many
botanists believe that seed plants evolved from the ferns.

Spermopsida—Seed Plants

The seed plants are divided into two groups: the gymnosperms and the an-
giosperms. The gymnosperms are known as the naked seed plants, while the an-
giosperms are referred to as the covered seed plants. Seed plants are the mosl sue-
cessful land plants that have ever lived b they have reprod
that do not require water. The plants that evolved before the seed plants produce
sperm cells that can reach the egg cells only by swimming through a film of water.
Angiosperms are the most recently evolved major group of plants, dating from
the early Cretaccous period, about 65 million years ago. Their success is measured
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in terms of the increase in number of species and their emergence as the dominant
groups of plants, inhabiting varying environments throughout the world.

Gymnosperms Gymnosperms are cone-bearers, They are woody plants,
chiefly evergreens, with necdle-like or scale-like leaves. Cone-bearing plants
grow in many parts of the world including tropical cli H ", most
species are found in the cooler parts of temperate regions. Examples of gym-
nosperm species are pines, spruces, firs, cedars, yews, California redwoods, bald
cypresses, and Douglas firs. Most biologists do not think that the gymnosperms
muh:d. directly from ferns.

ion in gy perms takes place on special structures called cones.
The cuncs are specialized nongreen leaves where seeds are produced. Most gym-
nosperm species bear two different Kinds of cones: seed cones, called megas-
poropivlls, and pollen cones, called microsporopiylls.

Seed cones are large and their woody “leaves™ (sporaphylls) bear on them an
ovile (called also a megasporangium). Inside of the ovule is a megaspore mother
cell. This mother cell goes through a meiotic division producing both an egg cell
and a food storage cell.

Pollen canes are smaller in size than the sced cones, Their leaves are known
as microsporophylls. These microsporophylls are really stamens, reproductive
structures that produce pollen, Inside of each pollen grein is a microspore cell.
When the polien grain germinates, the microspore goes through a reduction divi-
sion producing two sperm cells.

Pollen grains are earried by the wind from the pollen cones w the seed cones.
When a pollen grain lands on an ovule, it begins to germinate {sprout). The ger-

g pollen grain to grow a pollen tube during its first summer
and the following spring. As the pollen tube grows, changes take place in the
“leaves” of the seed cone where the ovules are pollinated. These leaves grow to-
gether holding the ovules tightly inside of the cone. The pollen tube enters a pore
(micropyle) in the ovule. The two sperm nuclei from the pollen grain travel
through the pollen tube into the ovule. One sperm cell fertilizes the egg cell. The
other sperm cell and the pollen tube cells disintegrate. The fertilized egg becomes
a zygote and then develops into the embryo plant. Changes occur in the outer
walls of the ovule where a tough seed coat develops.

The ripened ovale is now a seed containing both an embryo plant and food for
the embryo plant, The stored food known as endosperm is dcn\cd from Ihc fe-
male gametophyte. The embryo plant reg the new sparophyte g
Seeds are carried to new locations by wind, water or animals. The embryo plant in-
side of a seed can live for long periods in a resting state. The outer coat of the seed
protects the embryo from of temy drying, ch 1 ion and
even burning. The germinating pollen grain and the developing ovule represent the
gametophyte generation, The large conspicuous plant is the sporophyte gencration.

Angi {Anthaphyta})— Flowering Plants  The reproductive struc-
ture oflhc angmspcrm is the flower, which encloses the male and female sex or-
gans. Figure 9.12 shows the parts of the flower. On the outside are the green, leaf-
like sepels. The sepals protect the flower when in the bud stage. Collectively,
sepals are known as the calve, Just inside the calyx are colored petals, showy and
conspicuous in flowers that are pollinated by insects or birds. All of the petals in
a flower are known as the corulla. Look at Fig. 9.12 on page 142 and locate the
stamens. Notice that the top portion is called the anther and the stalk, the fila-
ment. The stamens are the male reproductive structures; pollen grains are pro-
duced in the anther. Locate the pisiif, which is in the center of the flower. The top
portion of the pistil is the stigma. The style is the long stalk that leads to the
rounded portion of the pisiil called the muary. Inside the ovary are many avnles.
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Polar nuclei
Pistil
Egg cell
Fig. 9.13 Maturation of
Fig. 9.12 Parts of a flower the ovule

The pistil and its many parts compose the female portion of the flower. The pistil
is really a modified sporophyll which in the flowering plant is called the carpel.

When an ovule is ready for fertilization, its megaspore mother cell goes
through a reduction division and two mitotic divisions yielding eight nuclei. One
of these nuelei forms the embryo sac. A nucleus near the ovule micropyle (pore)
becomes the egg cell (Fig. 9.13).

Each pollen mother cell in the anther divides by meiosis and produces four
pollen grains, each with a haploid nucleus. When a pollen grain lands on the
stigma, its cell divides by mitosis to form two nuclei. One, the tube nucleus, di-
rects the growth of the pollen tube down to the micropyle in an ovule. The other
nucleus (genenative nucleus) divides and forms two sperm nuclei (Fig. 9.14).

The sperm nuclei enter the ovule through the micropyle. One sperm fertilizes
the egg cell and forms a diploid zygote. The other sperm cell fertilizes two polar
nuclei in the embryo sac to form a triploid endosperm nucleus (Fig. 9.15). The
behavior of both sperm cells is described as a double fertilization. The zygote then
undergoes a number of changes and develops into the embryo plant. The ovule
coats increase in number and harden, changing into seed coats. After fertilization
in the ovules, the ovary enlarges and usually becomes a fruit. The ovules enlarge,
change shape and form seeds, each containing an embryo plant and stored food.
All accessory nuclei disintegrate.

Pollen grain

Pollen wbe

Fusion nucleus

!

d  Tube nucleus
. Egg

Fig. 9.14 Maturation Fig. 9.15 Fertilization
of the pollen grain in the flower

Sperm cells
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The bodies of the higher plants are differentiated into roots, stems, and leaves
with specialized tissues to carry water, transport nutrients, anchor the plants,
grow new cells, and carry out other functions of the plant.

Root Function

Roots anchor plants to the soil and absorb water and dissolved materials from the
ground. The absorbed materials enter the root by way of root hairs, which are one-
cell extensions of the epidermis. From the root hairs, dissolved materials pass
through the cortex, endodermis, and pericycle into xylem cells. The xylem cells
conduct the dissolved materials upward. The root cortex serves in the storage of
food and water. A small amount of storage occurs in the parenchyma cells of the
stele. Cells in the tips of the roots are responsible for the growth in length of the
root, Growth in diameter of the root is ¢ lled by the cambium b lhe
xylem tissue and the phloem tissue. Asexual rep i

is brought about in some plants by adventitious buds spomneousty arising on roots.

Gross Structure

There are two types of root systems: fibrous roots and taproots. The fibrous root has
numerous slender main roots of equal size with many branch roots smaller in size.
Examples of plants with fibrous roots are com, wheat, and grasses (Fig. 9.16). The
taproot is the main root of the plant. It is longer and thicker than the smaller branch
roots. Examples of taproot plants are carrots, beets, and dandelions (Fig. 9.17).

Microscopic Structure

A longitudinal section of a young root shows four zones distinguished by the cell
types within each region (Fig. 9.18).

Root hairs

Zone of cell
maturation

Root cap

Fig. 9.16 Fig. 9.17 Fig. 9.18 Longitudinal
Fibrous root Taproot section of a root
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1. Root cap. This is a semicircular cap of cells forming the tip of the root and
protecting the dividing cells just above it. Cells in the root cap are of moder-
ate size and thick-walled. They protect the thinner-walled cells just above.

2, Zone of cell division (meristemic region). Here the cells are small and thin-
walled with dense cytoplasm. These cells reproduce rapidly by mitosis and
contribute to increased length of the root.

3. Zone of cell enlargement or elongation. The cells in this zone were recently
formed in the zone of cell division. These cells become elongated, produce
new cytoplasm, and develop larger vacuoles.

. Zone of cell maturation. In this zone the enlarged cells become differenti-
ated into xylem, phloem, cambium, cortex and other tissues. Root hairs grow
from the lower portion of the maturation zone.

A cross section of the root taken through the zone of maturation reveals

several tissues (Fig. 9.19).

=

Parenchyma

Fig. 9.19 Cross section of a root

1. The epidermis is the outer layer of cells from which the root hairs develop,

Epidermal tissue is specialized for the absorption of water and minerals from
the soil and for the protection of underlying tissues,
2. The cortex ins rather large, irregularly shaped p hyma cells applied

loosely to one another with a good deal of intercellular space. The function
of this region is to store water and food. Water leakage from the cortex into
the inner tissues is prevented by a band of thick-walled cells known as the
Casparian strip. A waxy material, suberin, makes these cells waterproof and
prevents leakage of water into the inner root tissues.

3. The pericycle is a layer of cells just inside the Casparian strip (endodermis)
from which branch roots are produced. The cells of the branch roots grow
through the cortex and through the epidermis and extend outside of the root
into the soil.

4. The xylem is composed of conducting cells called rracheids and thin tubules
known as vessels. The function of xylem tissue is to conduct water and dis-
solved substances upward through the root into the stem.
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5. The phl is composed of companion cells and sieve tubes. The function
of the phloem is to transport water with dissolved food downward from the
leaves through the stem into the root.

6. The parenchyma stores food and water and lends support to other tissues,

Stems have three major functions. First, they conduct water upward from the roots
to the leaves and conduct dissolved food materials downward from the leaves to
the roots. Second, stems produce and support leaves and flowers. Third, they pro-
vide the mechanisms for the storage of food.

Specialized stems have additional functions. The tendrils of grape vines
function as climbing organs, Thorns on rose bushes offer protection against ani-
mal invaders. The desert cacti have stems specialized for the storage of water and
food. Runners of strawberry plants and spider plants serve as organs of vegetative
propagation in which new plants are produced at their nodes. Rhizomes are un-
derground stems of ferns which serve the purpose of producing new plants. The
underground stem of the white potato is called a ruber and its function is to store
carbohydrate in the form of starch. The eorms of the crocus and gladiolus are un-
derground storage stems consisting of fleshy leaves,

Botanists call a stem with its leaves a shoot. The shoot system is the total of
all of the stems, branches, and leaves of a plant.

Figure 9.20 shows a longitudinal section of a young stem.

There are two types of above ground (aerial) stems: woody stems and herba-
ceous stems. Major charactenistics of each are shown in the table on page 146.

Hert stems of dicotyledons have the following tissues: epidermis,
hlerenchyma, cortical parenchyma, pericycle, phloem, cambium, xylem, and pith.
Young leaves

_— Zone of cell
division
(shoot apex)

Zone of cell
enlargement

Young bud

Zone of cell
maturation

Fig. 9.20 Longitudinal section of a young stem
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LEAF

Types of Aerial Stems

Ch istic Herb, Stems Woody Stems
Texture soft tough
Color green nongreen
Growth little in diameter much growth in diameter
Tissues primary secondary
Life cycle annual perennial
Protective covering epidermis bark
Buds naked covered with scales
Examples monocotyledons all gymnosperms

dicotyledons dicotyledons

Herbaceous stems of monocotyledons do not have cambium, Since no secondary
growth takes place, the stems do not increase in size appreciably. Microscopic
study of the stem cross section shows that the xylem and phloem are organized
into vascular bundles. These are scattered throughout the parenchyma tissue
which fills the stem.

Woody stems are composed of primary and secondary tissues, Primary tis-
sues are those that develop from the meristems (embryonic tissue) of the buds on
twigs during the first year of growth. After the first year, growth in the woody
stem takes place in the secondary tissues. These are tissues that arise from the
cambium. Figure 9.21 compares woody stems to the two forms of herbaceous
stems—monocot and dicot.

WOODY STEM

MoNocoT o SRR e W v i,
STEM g y ] tissue
DICOT
Vascular STEM
tissue Vascular
rissue

Fig. 9.21 Comparison of monocot, dicot, and woody stems

The most important function of green leaves is to carry out photosynthesis, the
food-making process in which inorganic raw materials are changed into organic
nutrients.

A leaf consists of two parts: a stalk or petiole and the blade. The petiole at-
taches the blade to the stem. The blade is the place where photosynthesis takes
place. Leaves vary greatly in shape (Fig. 9.22).
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Elm Birch Oak

Maple Locust Horsechestnut
Fig. 9.22 Some common leaf shapes

Study of a leaf cross section under the microscope reveals three types of tis-
sue: upper and lower epidermis, mesophyll, and the vascular bundles (Fig. 9.23).

The epidermis is a single layer of cells at the upper and lower surfaces of the
leaf. The cells have thick walls made of cutin and lack chloroplasts. Their main
function is to protect the underlying or overlying tissues from drying, bacterial in-
vasion, and mechanical injury. On the underside of the leaf, the lower epidermis
has pores known as the size openings of which are lated by a pair
of guard cells. The serve as passageways for oxygen and carbon dioxide.

B o S T [ ——Upper epidermis

g Palisade cells
*_ f
¥

= Lower epidermis

Spongy mesophyll

Vein
(vascular bundles) Guard cell Stomate

Fig. 9.23 Leaf cross section
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Photosynthesis

The phyll is positioned bet the two epidermal lavers. It is com-
posed of two distinet tissues: the palisade cells and the spongy cells. Packed with
chloroplasts, the cells of both types of mesophyll tissue are the sites for photo-
synthesis in the leaf.

The vascular bundles or veins consist of xylem cells (vessels and tracheids)
and phloem cells (sieve tubes and companion cells). The xylem cells ransport
water and dissolved mincrals upward into the mesophyll. The phloem conducts
dissolved food materials downward to the lower parts of the plant.

Loss of water vapor through plant leaves is termed franspiration, a process
which is responsible for the rise of sap in trees. Guttation is the loss of liquid wa-
ter through the leaves of plants with short stems. Guttation is caused by the effect
of root pressure on water flow and has hardly any physiological advantage to the
plant.

Photosynthesis takes place in the chloroplasts of green leaves and stems. Photo-
synthesis is the food-making process of green plants made possible by the light-
trapping pigment chlorophyll. An important event of photosynthesis is the chang-
Lng of light energy into chemical energy, which is ultimately stored in sugar

les. The raw ials of pt hesis are carbon dioxide and water. The
overall equation for phutosynl.hcsu is shown below:

Cloz + 2[1;0 + light —chlorophrll, B3, + iCI#D} + 11;?

REDUCTION-OXIDATION REACTIONS (REDOX)

Reduction is the addition of an electron (e) to an acceptor molecule. Oxida-

tion is the I of an el from a molecule. The addition of an el
(reduction) stores energy in a T d. The 1 of an el (oxida-
tion) rel energy. Wh one sut is reduced, another sub is
oxidized.
Af + B — A + B
electron electron oxidized reduced
donor acceptor (loss of (gain of
energy) energy)

In biclogical syslcms. removal or addition of an electron derived from
hydrogen is the most freq hanism of reductic iclati
Redox reactions play a major role in pho hesis. For ple, the synth
of sugar from CO, is the reduction of CO,. Hydrogen, obtained by splitting H,0
molecules, is added to CO, to form CH,O units.
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THE PROCESS OF PHOTOSYNTHESIS

Photosynthesis takes place inside chloroplasts (Fig. 9.24), membranous struc-
tures within the cells of the leal mesophyll. The chloroplasts have fine structures
within—flattened membranous sacs called On the b of the
hylakoids, chlorophyll and the Y pig are ¢ ized into functional
groups known as photosystems. Each of these photosystems contains about
300 pig lecules which are involved directly or indirectly in the process of
photosynthesis.

Inner membrane - Outer membrane

Grana
(stacks of disclike
lamellae)

lamellae

Fig. 9.24  Structure of a chloroplast

Each of these photosystems has a reaction center or a light trap where a spe-
cial chlorophyll @ molecule traps light energy. There are two types of photosys-
tems: Ph y 1and Pk 3 1. In Pk 1, the ehlorophyll @ mol-
ccule is named P700 because it absorbs light energy from the 700 nanometer
wavelength. The chlorophyll molecule of Photosystem Il is designated as P6X0
b this pigs lecule (chlorophyll @) absorbs light at the wavelength of
680 nanometers.

Photosynthesis involves four sets of bi | events: pt re-
actions, electron transport, chemiosmosis and carbon fixation. The photochemi-
cal reactions and electron transport activities take place on the membranes of the
1y ids. The oval of a thylakoid surround a vacuole or reservoir in
which hydrogen ions are stored until needed in the Calvin cycle, or carbon fixa-
tion. Each thylakoid rests in the stroma or ground substance of the chloroplast.
The stroma is the place where carbon fixation occurs.

The Events of Photosystem |
Cyclic Phosphorylation—Electron Transport

Light energy strikes a photosy . Pigment absorb this energy and
pass it on to the reaction center molecule. The energy level of an electron in P700
is raised to a higher level. This increased energy in the electron causes it to escape
the confines of the P700 (chlorophyll a) molecule and to t porarily at-

tached to an acceptor molecule called X. In pting the el lecule X is
reduced, Molecule X passes the electron on to another acceptor molecule and
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becomes oxidized in the process. In a scries of redox reactions, the electron is
passed from one acceptor mcleculc to mnl.her It f'nally returns to P700. Each

step of these reducti Iyzed by a specific enzyme.
The energy released as the eloctmn is pa.sscd a]nng the transport chain is used

to synthesize ATP (ad hate). Excess hydrogen ions released when

ATP is formed are stored in the reservoir of the lhyla.kmd. Inorganic phosphate

from the fluid of the stroma is incorp 1 in the ATP molecule during photo-
hetic phosphorylation. Pt hesis req; the energy from ATP to syn-

l.hmz: carbohydm:s.

Noncyclic Phosphorylation

During the events of Photosystem L, “excited” clectrons may travel in another
pathway different from that which builds ATP. Chlorophyll acts as an electron
donor and later as an electron acceptor. It donates energy-rich (excited) clectrons
and accepts back energy-poor electrons.

Light energy strikes a chlorophyll @ molecule. An electron in its reaction cen-

ter molecule, PT00, 1 I 1 to a higher energy state. The electron
passes from PT00 to ptor X. From ptor X, the el passes to ferri-
doxin (Fd), a compaund mnl.ammg :mn Fd p-.lsms the electron to an intermedi-
ate 1 and then to ni leotide phosph: {'NADI")
Actually two PT00 molecules release el along this path

ously. NADP aceepts both electrons (2¢) and becomes NADPH. NADPH keeps
both electrons and does not pass them along. The energy from NADPH, will
serve as an energy source when carbon dioxide is reduced to form sugar. By ac-
quiring two extra electrons, the NADPH also attracts an H proton. Thus NADPH
+ H is written as NADP,, where re means reduced,

Review: Photosystem |

1. Photons of light strike a chlorophyll @ molecule.

2. The reaction center molecule (PT00) absorbs the light.

3. One of its electrons is raised to a higher energy level.

4, The pathways followed by “excited” electrons are shown below,

Cyelic e from P700 to X to acceptors to ATP

Noneyelie 2¢ from P700 to X to Fd to NADP — NADF

The Events of Photosystem [l

Photosystem II involves about 200 molecules in the reaction center of chlorophyll
a, the light trapping plgmem of green p]:mu_ In the blue-greens and in the bryo-

phytes, the light trapping pig is chlorophyll &; in the brown algae chlorophyil
¢ and in the red algae chlorophyll d.

When light strikes the chlorophyil in Pt 11, an el in the reac-
tion center molecule, PGSD becomes cxmlcd " The energized clectron is passed
to an el * lecule d 1 0. Molecule O passes the clectron
through a chain of ¢ p lecules which pass the electrons to the holes in

Photosystem 1 formed during the noncyclic synthesis of NADP,. As electrons
move along the chains of transport, they lose energy step by slcp, Some of the
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Light Reaction (Hill Reaction)

Light/
Cha PSI (700}
| 2¢- Reducing substance
T \ Ferredoxin
Ch* gy 4 ATP

Cyclic Phase @ Flavoprotein

Plastocyanin (PC) (iviby)  NAD'P—-NADPH,
%

2H,0—2H* + 20H— EI + O +5 Lo

Photolysis

Fig. 9.25 The pnthwnys of photosynmesis involve many steps and
many inter di and catalysts, including flavoprotein and
cytochrome (cyi).

energy forms ATP: It is believed that P680 pulls replacement electrons from wa-
ter, leaving behind free protons and molecular oxygen:

2H,0 - de + 4H" + O,

!
10 PGSO

The protons become assoctatcd \uth NADP,.
A ing the el pathways in P Land
in Photosysl:m 11 follows:

H,0 — 2¢ to Photo 1 to @ 1o transport chain to Photo I to X to transport
chain to NADP, to Calvin cycle.

Figure 9.25 shows the pathways of photosynthesis.

The Calvin Cycle

The Calvin cycle is the series of events in photosynthesis during which carbon
dioxide fixation takes place in the stroma of the chloroplast. NADP,  and ATP
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CO; Fixation
CH; —0 — 0
[ ® 11
(i‘-m 0 (IZ'-—— H
H— ?— OH H— (IZ— OH
H—C—0H H—C—H
| 1
c—o0—® H_C— OH
Ribulose diphosphate H _(I;_ OH
~ I
RDP ™, CHOH
/' Q0 N, Glucose
o] \\
I \
ll:— OH \
H—C—OH i
H—C— !
|
" '=.
ADP i
A\
=€
NappH  H— f-— OH
H—-C
c—®
H
2PGAL
Fig. 9.26 The Calvin cyr.:le. showlng the complex steps leading
from ribulose disph ) to gl a G-carbon
sugar
that were produced during Ph Tand Ph

y 11 are now used to at-
tach CO, to a preexisting organic molecule. The enzymes that catalyze the events
of the Calvin cycle are present in the stroma.

Carbon dioxide combines MUl the 5-carbon sugar ribulose biphosphate
(RuBp), forming an ble 6 1. This P i breaks into
two molecules of a 3-carbon compound. phosphuglycmc acid (PGA} The two
PGA molecules are reduced to two molecules of pt le (PGAL)
in two successive steps. First, the PGA molecules receive a high-energy phos-
phate from ATE. The high-energy phosphate bond is broken, and the phosphate is

1 and replaced by a hydrogen atom from NADPH. Then, the joining to-
gether of two PGAL molecules results in the formation of a molecule of 6-carbon

sugar. Some of the PGAL is used to replenish the store of ribulose biphosphate.
the starting point of the Calvin cycle (Fig. 9.26)

PHOTORESPIRATION

Photorespiration is a rather strange series of events that occurs in the cells of green
plants in the presence of sunlight, In the course of normal events, the enzyme
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ribulose biphosphate (RuBP) carboxylase joins a carboxyl group to nibulose
biphosphate. The biochemical activity that follows was explained in the section
entitled “The Calvin Cycle”

During photorespiration, oxygen, instead of carbon dioxide, binds to RuBP
carboxylase, When RuBP carboxylase has oxygen bound to it, oxidation of ribu-
lose biphosphate occurs. One molecule of PGA and a 2-carbon molecule are re-
leased. The PGA remains in the C; cycle, but the 2-carbon molecule leaves the
chloroplast and enters into chemical reactions in a peroxisome and a mitochon-

drion. Some of the CO, produced in these 1 is rel i; the rest is re-
turned to the chloroplast to take part in photosynthesis.
Pt irati idizes organic compounds using oxygen and results in the

release of carbon dioxide. This process does not utilize the electron transport sys-
tem and therefore does not produce energy. Rather, it uses up energy, thereby ap-
pearing to be wasteful. To date, scientists do not really know how photorespira-
tion benefits the cell’s work in photosynthesis.

THE C, OR HATCH-SLACK PHOTOSYNTHETIC PATHWAY

In the late 1960s three research botanists (Kortschak, Hateh, and Slack) discov-
ered another photosynthetic pathway, which has become known as the C, or
Hatch-Slack pt ynthetic pathway. E inlly, this is what happens. Carbon
dioxide combines with a compound known as PEP (phosphoenolpyruvate), form-
ing a 4-carbon compound, malate. Malate is transferred to bundle sheath cells in
the leaf. This 4-carbon compound gives up carbon dioxide, which enters the C, or
Calvin eycle in the photosynthetic bundle sheath cells.

Plants that carry on C, photosynthesis exhibit special arrangement in their
leaf tissues. In this special arrangement, termed Kranz anatomy, the bundle
sheath cells are positioned in a circle around the vascular bundles (made up of
phloem and xylem tubes). The mesophyl cells comprise the rest of the leaf’s in-
terior. The air spaces are very small (Fig. 9.27). Plants in tropical and desert re-
gions with especially high rates of photosynthesis are C, plants; among them are
crabgrass, sugarcane, millet, and sorghum. Interestingly enough, corn, a temperate-
region plant, also carries on C; photosynthesis.

Airspace  Stomate  Cuticle

Vascular bundle

Lower
epidermis

Cuticle

Fig. 9.27 Kranz anatomy. Bundle sheath cells surround vascular
bundles.
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Plant Hormones

Hormones, which are chemical duced by tissues in small con-
centrations, effect change in the urganlsm In g:ncrd! plant hormones afTect plant
growth and resp 1o the envi Plant t differ from the hor-

mones produced by animals in a number of ways. Animal hormones are produced
by endocrine glands and affect target organs. Plant hormones, on the other hand,
are produced by different tissues at different stages and affect virtually every tis-
sue in the plant. Unlike animal hormones, plant hormones do not affect home-
ostasis (steady-state control of physiological activity). A v of plant hor-
mones and their effects follows.

Auxins (indoleacetic acid or IAA) cause plant stems to bend (grow) toward
the light by promoting enlargement of the stem cells. Plant growth response to
light is known as ph P Apical domi is the control exercised by
the growing tip of the stem over lower stem Auxin lates in the
growing stem tip and restrains the development of side stems or branches.

Gibberellins, isolated from the fungus Gibberelia fujifuroi, belongs to a
family of 57 closely related compounds. Gibberellic acid, produced in the young
leaves of plants, controls stem growth, leaf growth, and root clongation. The gib-
berellins have another important function. The embryos of germinating cereal
grains, such as corn and barley, release gibberellins, which, in turn, stimulate the
release of food from the endosperm.

Cytokinins, produced in the roots, are distributed upward through the xylem.
Together with auxins, the cytokinins control differentiation of plant tissue, stim-
ulate cell division and the production of fruits and seeds, and slow the process of
aging in picked leaves, Cytokinins also prevent the onset of dormancy in plants.

Abscisic acid, produced in mature leaves and transported to other plant tis-
sues and orgas, is a growth inhibitor, causing dormancy in trees. Roots grow

1in a positi 7 to gravity known as geotropism. It is believed
that abscisic acid Is root growth resy

Ethylene, produced as a gas by plants, controls the ripening of fruit and plays
an important role in the growth of seedlings upward through the soil.

Oligy harines are sugar pounds that protect the cell wall against in-

sect invasion by stimulating cells to produce antibiotics known as ph fe
Phytoalexins inhibit the synthesis of protein-digesting enzymes of insects and
thus prevent predation.

Photoperiodicity

Each species of plant has its own photaperiod for flowering. Although plants
flower in response to length of darkness, photoperiodicity is described in terms of
day length. Some plants belong in the category of fang-day plants because they
flower in response to a shortening night. Plants that flower in response to length-
ening nights are called short-day plants. Day-neutral plants seem not to be af-
fected by the ratio of daylight to darkness.

Phytochrome has been identified as the pigment that controls the “dark
clock™ of flowering, Cocklebur, Maryland mammoth (a species of tobacco), and
Biloxi soybeans are short-day plants. Spinach, radish, and barley are long-day
plants requiring shorter hours of dark Ti and « bers are day-
neutral and flower without regard to length of night.
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Connecting Through Chapter Review

WORD-STUDY CONNECTION
abseisic acid fucoxanthin phototropism
alternation of ion it phyte phytochrome
angiosperm gibberellin pistil
anther EYMOOspenm Plantae
antheridia heterogamy polar bodies
apical dominance holdfasts pollen
archegonia hormones prothallus
auxin isogametes pyrenoid body
Calvin eycle kelps rhizoids
calyx Kranz anatomy rhizome
cambium megasporophyll sepal
carpel micropyle SOTUS
carpogonia microspore specialization
conceptacle microsporophyll poroph
cone multicellular stamen
corolla oligosaccharine stigma
cutin oogamy strobilus
cytokinins oogonia style
division of labor ovary taproot
embryo sac ovule thallophytes
cthylene petal thallus
endosperm phloem vascular
fibrous root photoperiod xylem
filament photorespiration
flower photosystem
SELF-TEST CONNECTION
PART A. Completion. Write in the word that correctly completes each
statement,
1. Single-cell plants include free-living forms, cells that live in colonies, and

1. forms,
2. The chromosome number of vegetative Chlamydomonas cells is best de-
scribed as being ..2..
3. Primitive gametes that are similar in appearance are known as 3.,
4. Gonium species live as a simple 4., of cells.
5. The lolvax series of cells demonstrates an evolutionary trend toward ..5..
6. Chlorophyll ..6.. is found only in the red algae.
T. The water-carrying tissues of green plants are known collectively as .7..
tissues,
8. The cycle of a sexual g
B
9. Fluid compounds are conducted downward in plants by ..9.. tubules.
10. A sorus (plural, sori) can be found on the leaves of .10, plants.
11. The dominant generation in the ferns is the ..11.. generation.
12, The gymnosperms are best described as .12, bearers.

ing an asexual g ion is known as
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13. The prefix -mega means ..13..

14. The microsporophylls are ..14.. cones.

15. In gymnosperms, the agent of pollination is ..15..

16. In gy T the megasporangium prod the ,.16..

17. Petals are known collectively as the ..17..

18. The be nucleus develops from the germinating ..18..

19. A fruit is a ripened ..19..

20. Growth in length of roots occurs at the ..20..

21, A stem with its leaves is called 2 ..21..

22, In the plant, the Casparian strip is located in the .22.,

23, Secondary plant tissues arise from the .23,

24, The most effective light-trapping pigment is ..24..

25, Carctene and phycoerythrin function as ..25.. pigments during the light
driven stages of photosynthesis.

26. Carbon fixation takes place in the ..26.. of the chloroplast.

27. The response that plants make to light is called ..27..

28, Indoleacetic acid belongs to a group of hormones known by the general name
W28

29. A plant’s photoperiod is described in terms of ..29.,

30, The group of hormones produced in plant roots and distributed upwards are
known as .30,

PART B. Multiple Choice. Circle the letter of the item that correctly completes
cach statement.

1. Chiamydomonas resembles the protists because it lives in water and swims

by means of

fa) cilia {c) tentacles

(b) pseudopods (d) flagella
2. The function of the pyrenoid body is to

(a) synthesize glucose (¢} resorb flagella

(b) store starch (d) secrete cellulose
3. Sea lettuce is best classified as a (an)

(a} protist (¢} euglenoid

(h) bryophyte (d) alga

4. A true statement about Falvax is
(a} Most of its cells do not function in reproduction.
(b} All of its cells are specialized for reproduction.
{c) There is no communication between its cells.
(d) The egg cells have paired flagella.

5. The sporophyte generation of sea letuce is

(a) haploid {c) diploid

(b} monoploid (d) tetraploid
6. Fucus does not have

(a) air bladders (c) asexual cycle

(b) an asexual cycle (d) a branching thallus
7. The greatest hazard to land-dwelling plants is

(a) drying out (€) loss of sperm cells

(b) insect infestation (d) nonmotile egg cells
8. Waterproofing of land cells is made possible by cell walls

composed of

(a) chitin (c) cellulose

{b) cutin (d) glycoprotein
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9. Examples of bryophytes are

(a) moss, tolvar, Fucus (¢} Euglena, moss, red algae
(b) Ulva, hornwort, Pandoring  (d) hormwort, liverwort, moss

10. Species that bear two types of spores are described as being
(&) homosporous (c) homozygous
(b) heterosporous (d) heterozygous

11. Dried, ground stems of the horsetails are used in scouring powder because
their cell walls contain

(=) cutin (e) silica
() cellulose (d) suberin
12. An underground stem is called a
(a) prothallus (¢} strobilus
() root (d) rhizome
13, Ferns are successful land plants because they have well developed
(a) vascular systems (e) reproductive systems
(b) digestive systems (d) excretory systems
14. In the gymnosperms, the megasporophyll is a (an)
(a) large spore (e) egg cell
(b) sced cone (d) large ovule
15. The embryo plant is protected inside of the
(a) ovule (€) pollen
(b) egg (d) seed
16, The production of two 1ypes of gametes is known as
(a} heterospory (¢) isogamy
(b) heterogamy (d) isospory
17. A true statement about the gymnosperms is that they do not produce
(a) flagellated sperm (c) nonmotile eggs
{b) seed cones (d) pollen cones
18. In the flowering plants, the male reproductive structures are the
(a) calyx (c) pistils
{b) corolla (d) stamens

19. The chromosome number of the fertilized endosperm nucleus is best de-
scribed as

(a) haploid (c) diploid
(b) monoploid (d) triploid
20, The part of the young root that pushes its way through the soil is the
(a) root hair {c) root cap
(b) 1ap root (d) root zone
21. The word meristem refers to
(=) rapidly growing cells () cells specialized for reproduction
(b) old cells (d) differentiated cells

22, The primary function of the root cortex is to
(a) absorb minerals from the soil (¢} store water and food
(b) differentiate into other cells  (d) give rise to sperm cells
23, Secondary tissues in roots arise from the

(a) meristem (c) cambium
(b) embryo {d) phloem
24. A tendril is a specialized
(a) stem (c) flower
(b) root (d) leaf
25. Sap rises in trees due to the force created by
(a) evaporation (¢} transpiration

(b) transportation (d) guttation
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26. Photosy are functional pigi groups located on the
(a) proteins of the plasma membrane
(b) membranes of the thylakoids
(€) in the stroma of the chloroplasts
(d) in fluids of vacuoles
27. As an outcome of cyclic phosphorylation

(a) P700 is destroyed (¢) NADPH is synthesized
(b) ATP is formed (d) carbon is fixed

28. Ribulosc biphosphate
(a) begins the Calvin cycle (€) breaks into two equal parts
(b} functions as an enzyme (d) is a 6-carbon sugar

29. During photorespiration, O, binds to
(a) phosphoglyceric acid (c) malate
(b} RuBP carboxylase (d) carbon dioxide

30. A plant that has Kranz anatomy in the arrangement of its leaf tissues is
(a) Folvax (c) com
(b) white oak {d) wheat

PART C. Modified True-False. If a statement is true, write “true” for your an-
swer. I a statement is incorrect, change the underlined expression to
one that will make the statement true.

1. Chiamydomonas is classified as a protist.
2z | =

3. If the original parent colony of Gonium contained 8 cells, each new colony
produced will contain 32 cells.
4. Oogamy refers to conditions in which the egg cell is mptils.
5. The | ion is produced by spores.
6. Bm\lm alga: are called seaweed.
7. Water is carried upward in plants by special tubules known as phloem.
8. A strobilus is a stem.
9. The fern plant is the gametophyte generation.
10, A inating fern spore develops into a gametophyte plant.
11, The reproductive mechanisms of seed plants do not require gametes,
12. A megaspore mother cell is found inside of an cgg.
13. Reproduction in the gy perms takes place on special structures called
stamens.
14. In gymnosperms, the egg cell develops from the microspore cell.
15, The flowering plants are called
16. Green leaves that protect flower buds are called petals.
17. The stigma and the style are best associated with the filament.
18. The ovules are found inside the ovary,
19. A seed is a ripened ovary. -
20. Growth in diameter of roots takes place in the epidermis.
21, Two types of root systems are fibrous roots and root haics.
22, The phloem is composed of companion cells and sieve tubes.
23, The underground stem of the white potato is a thizome.
24. Runners of berry plants are specialized for climbi
25, All gymnosperms have herbaceous stems.
26. The two types of cells that compose the leaf mesophyll are the spongy cells
and meristemic cells.
27. Oxidation occurs by loss of an electron.
28. An “excited” electron escapes to a Jower energy level.
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29, During photorespiration, a two-carbon molecule leaves the chloroplast and
enters the ions of the mitochondrion and the ly
30. The compound PEP is actively involved during C, pt b

CONNECTING TO CONCEPTS

1. Distinguish t | ph and ph

2. Why is chlorophyll important to the life process of green algae?

3. How do cells that live in colonies differ from cells that live independently?

4. Would life on Earth be possible without the existence of green plants?
Explain.

5. For each of the following, list the functions that would be lost to green plants
if their cells could not synthesize these products: auxins, hormones, phy-
tochrome,

ANSWERS TO SELF-TEST CONNECTION

PART A

1. filamentous 16. ovule

2. haploid 17, corolla

3. isogametes 18. pollen grains
4. colony 19, ovary

5. multicellularity (specializati 20. tips

6. d 21. shoot

7. vascular 22. root

8. alternation of generations 23. cambium

9. phloem 24. chlorophyll a
10, fern 15, accessory
11. sporophyte 26, stroma

12, cone 27. phototropism
13. large 28, auxins

14. pollen 29, daylength
15. wind 30. cytokinins
PART B

1.4 1. ¢ 2L a

Lb 12. d 22. ¢

3d 13 a 3. ¢

4. a 4. b 4. a

5. ¢ 15. d 2. ¢

6. b 16. b 26. b

7.a 17. a 2. b

8 b 18. d 28. a

9.d 19. d 2. b

10, b 20, ¢ 3. ¢

PART C

1. green alga 38

2. asexual 4. nonmotile
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5. gametes 18. true

6, true 19. ovule

7. xylem 20. cambium
8. cone 11. waproots

9. sporophyte 22, true

10. true 23, wber

11, water 24. reproduction
12, ovule 25, woody

13. cones 26. palisade
14. megaspore mother cell 27. true

15, angiosperms 28. higher

16. sepals 29. peroxisome
17. pistil 3. C,

Connecting to Life/Job Skills

If you like working outdoors in association with plants, the careers listed below
may be of interest to you.

= A tree surgeon takes care of trees, cutting off dead and diseased branches.
You must be strong and able to withstand heights.

+ A horticulturist is a flowering plant specialist who plans and cares for gardens.
A horticultorist technician works under the direction of the horticulturist.

+ A park ranger works in national and state parks overseeing the environment of
plants and animals.

+ A plant physiologist is a scientist who specializes in the structures and func-
tions of plants, both in health and in disease.

All of these careers have specific educational and/or training requirements. The
libraries of your local colleges are good places to start your research. For addi-
tional information, you may wish to contact the following:

U.S. Department of the Interior American Society for Horticultural Science
National Park Service 710 North Saint Asaph Street

1849 C Street, N.W. Alexandria, VA 22314

Washington, D.C. 20240

Chronology of Famous Names in Biology _

1679 Marcello Malpighi (Italy)—determined the functions of xylem and
phloem by conducting a series of girdling experiments.
1729 Stephen Hales (England)—d i that piration can pull

sap up through the xylem and phloem.

1772 Joseph Priestley (England)—demonstrated that the air is replenished
by green plants.

1782 Jean Senebier (France)—showed that photosynthesis depends on
“fixed air," now known as carbon dioxide.



1905

1910

1926

1934

1941

19505

1950

1961

1994
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Jan Ingen-Housz (Netherlands)—concluded that plants use carbon
dioxide in photosynthesis.

Nicolas Theodore De § e (France )}—d i that water is
necessary for photosynthesis.

James Clerk Maxwell (England)—discovered that light travels in
Waves.

Charles Parwin and Francis Darwin (England)—were the first to
propose the existence of a plant hormone.

T W Lngelmauu (Gemlany]—prcvlded evidence that chlorophyll
plays a role in p y and d 1 that red light is most
cffective in photosynthesis.

B. Haberland (Germany)-—discovered that plants native to tropical
climates have a different arrangement of the bundle sheath cells.

F. F. Blackman (Englandy—was the first to present evidence that
photosynthesis has a light-driven stage and a stage not requiring light,
Albert Einstein (United States)—proposed that light energy travels in
packets called phorons,

Max Planck (Germany}—established that the energy of radiation is
contained in packets called guanta.

Frits W. Went {Netherlands)—gave the name “auxin™ to the substance
in plant stems that controls their elongation,

C. B. van Niel (United States)—proposed that water is the source of
the oxygen in photosynthesis.

Samuel Ruben, Merle Randall, Martin Kamen, and James L. Hyde
(United States)—reported that oxygen liberated in photosynthesis
comes from water.

George Wald (United States)—was the greatest living expert on light
and life.

Daniel Arnon (United States)—identified the reactions that take place
in light reactions of photosynthesis.

Hugo Kortschak (United States)—discovered that Kranz anatomy
plants begin carbon dioxide fixation with a 4-carbon compound.
Haragure Yomo {Japan)—discovered that cereal grain embryos re-
lease gibberellin, which dissolves stored food in the endosperm.

H. P. Kortschak (United Smtes} M. D. Hatch, and C. R. Slack (Aus-

tralia)—clucidated pt pathways in C, plants such as sug-
arcane, corn, and sorghum,
Melvin Calvin (United States)—di 1 the pathway of events

by which green plants incorporate carbon dioxide into carbohydrate

malecules.

Elliott Mey itz (United States)—published an account of his on-

going rescarch in the genetics of flower d using the specics
b hali known as mouse ear cress,




CHAPTER 1 0

INVERTEBRATES:
SPONGES TO MOLLUSKS

OVERVIEW

In this chapter you will learn about the major differences between animals and
plants. One of these differences is the method by which animals obtain their food.

All animals belong to the kingdom Animalia, a grouping of 35 phyla (sing., phy-
lum). Modem taxonomists support the theory that the lineage of all animal phyla
can be traced back to a common multicellular ancestor. Over billions of years
phyla evolved, one from another in a branching pattern, each more complex in
body structure and systems than its most recent ancestor. The branching pattern of
phyla development is referred to as the phy!ogwetlc tree. The chart that follows

presents six invertebrate phyla. Notice the i g complexity in body
Kingdom: Invertebrates
Inverteb, are Is without backb They are multicellul lof

celis that lack walls and are the most diverse group of the kingdom Ammaa'!a

Branch of

Phylogentic Tree Phylum Characteristics

Parazoa: closest Porifera: sponges Body structure: two layers

10 protists of cells not considered tissues
Radiata: radial Cnidaria: Hyelra, Body structure: central
SYymmetry; two Obelia digestive cavity, simple

tissue layers— nervous system,

ectoderm and stinging cells

endoderm

Acoel lack  Platyhelminth Tlm:c pnmary germ Iﬂym—

a body cavity; bila-  flatworms
terally symmetrical Fn:sh water, land
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Kingdom: Invertebrates (continued)

Branch of

Phylagentic Tree Phylum Characteristics

Pseudocoel N d: Body structure: endoderm
body cavity partly fworms derm, ectoderm;

lined by mesoderm unsegmented body
Coclomates: body Annchida: segmented  Three tissue layers; digestive
cavity completely worms system with specialized regions
lined by endoderm

Mollusca: mollusks;  Muscular foot; organs in body
snails, slugs, squids cavity; mantle cavity

Basic Organization of the Animal Body

The organization of the animal body is differemt from that of the plant and re-
quires a different set of terms for accurate descriptions.

SYMMETRY

The animal body form is often described in terms of symmetry, the relative po-
sitions of parts on opposite sides of a dividing line. Symmetry helps to define the
degree of similarity between two species, or between parts of the same animal.
Spherical symmetry describes the symmetry of a ball. Any section through the
center of a ball-shaped organism divides the animal into equal and symmetrical
halves (Fig. 10.1). Radial symmetry describes the symmetry of a wheel, in
which the parts are arranged in a circle around a central hub or axis. A vertical
cut through the central axis divides a wheel-shaped organism into equal (symmet-
rical) halves (Fig. 10.2). Radial symmetry is a characteristic of animals that are
sessile. However, radially symmetrical animals that have some head development
are capable of rather quick movements. Bilateral symmetry is characteristic of
animals that have a head end, a tail end, and right and left sides. The body of a

Fig. 10.1 Symmetry through aball Fig. 10.2 Radial symmetry
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Fig. 10.3 Bilateral symmetry of
the human body

dog or a horse is a good ple of bil 1 Y. A line drawn through the
center of the body lengthwise divides the body into halves that are mirror images
of each other (Fig. 10.3).

EMBRYONIC CELL LAYERS

All of the tissues, organs, and systems of animals develop from two or three em-
brvonic cell lavers, often referred to as primary germ lavers. These three cell
layers are the ectoderm (meaning outside skin), the mesoderm (middle skin),
and the endoderm (inside skin). Animals with simple body structures may de-
velop from only ectoderm and endoderm because the middle tissue layer remains
undifferentiated. The tissues of animals with more complex body forms develop
from the three primary germ layers. In these animals there is a body cavity or
coelom (see-lom) which is lined with endoderm.

BODY DIRECTIONS

The kinds of directions used to locate body structures permit precise description.
The forward end of an animal is the anerior end. The posterior end is opposite
to the anterior region. For example, the head end of a dog is the anterior end; its
tail represents the posterior end. Dorsal refers to the back of an animal. In all an-
imals except humans (and some primates) the dorsal side faces upward. The un-
derside or bellyside of an animal is the venrral side, The sides of an animal, such
as the right-hand and lefi-hand sides of a human or the right and left fore and hind
limbs of a horse, are the lateral sides of the body. The poim of attachment of a
structure, such as the wing of an insect, is the proximal end. The free, unatached
end is known as the distal end.

General Characteristics of Invertebrates _

Invertebrates are animals without backbones. About 90 percent of all animal
species are invertebrates. Like all other members of the kingdom Animalia, in-
vertebrates are multicellular. They are composed of cells that lack walls. Animals
are heterotrophs, dependent upon food supplied by autotrophs. Animals ingest
food; they take it in, digest it, and then, by some means characteristic of the
species, distribute nutrient molecules to cells that make up the body. Nutrients not
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utilized for energy or incorporated into the tissue-building processes are stored in
cells as glycogen or fat.

Most invertebrates are capable of | ion and have specialized cells with
contractile proteins that facilitate movement. However, the adult forms of some
lower invertebrate species are sessile, belonging to a group of filter feeders. These
animals use cilia, flagella, tentacles or gills to sweep smaller organisms from the
currents of water that flow over or through their bodies into the digestive cavities.

Some of the lower invertebrates reproduce vegetatively by budding. This
means simply that a new organism grows from cells of the parent, breaks off, and
then continues its own existence, Other invertebrate species reproduce sexually,
utilizing sperm and egg. Still other species reproduce asexually by parthenogen-
esis in which an unfertilized egg develops into a complete individual. Some in-
vertebrates have marvelous powers of regeneration, the growing back of lost
parts or the production of a new individual from an aggregate of cells or from a
piece broken off from the parent organism.

In a practical sense, you are familiar with the word sponge, You know that a
sponge is able to soak up large amounts of water because of the many pores and
spaces that form its structure. Living sponges are pore-bearing animals and, there-
fore, were given the scientific name of Porifera. These are the simplest of the
multicellular animals. About 15,000 sponge species live attached to rocks bathed
by ocean waters. Only a few species are freshwater dwellers.

STRUCTURE

Fig. 10.4
Internal structure
of the sponge

Figure 10.4 illustrates the structure of a simple sponge. Notice that the sponge has
a cylindrical shape resembling a vase. At the anterior end is the opening of the cen-
tral cavity, which extends through the Porifera body. Sponges are composed of un-
differentiated cells not ized into ialized tissues. The cells show a division

Covering cell

Wandering cell Collar cell

Pore cells

Body cavity
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of labor much like that of the cells in an algal colony. The cells of the sponge are
arranged around the central cavity. In some species this cavity is divided into com-
partments; in others, it is a continuous space. The central cavity is brought into con-
tact with the surrounding water by means of pores that lead into a system of canals.

If you have ever held a natural sponge, you are aware that it is not flimsy.
Sponges have an internal skeleton. In some species the skeleton is made of nee-
dle-like crystals called spicules, which are made of lime or silica (glass). In other
species, a fibrous protein called spongin forms the skeleton, making the sponge
firm, but pliable, wettable and absorbent,

Sponges are filter-feeders. The internal cavity is lined with collar cells
equipped with flagella which capture microorganisms from water as it flows
through the central cavity, Epithelial cells cover the outer body wall of the sponge.
Between the outer wall and the cells that line the inner cavity is a jelly-like layer
known as the mesoglea. Here amoeboid wandering cells known as mesenchyme
cells help to transport digested molecules from the collar cells to cells in other
parts of the body. The mesenchyme cells have the ability to change their form and
function. They can change into collar cells, epithelial cells, or cells secreting the
materials that make spicules for the skeleton.

REPRODUCTION AND REGENERATION

Sp have plional powers of regs ion. If a sponge is sieved through a
fine 51Ik mesh and the cells left undisturbed, the cells will come together to re-
form a complete sponge. Porifera I Ity by budding. A new indi-
vidual grows from cells on the parent body, breaks off, and grows into an adult
sponge. Sponges also reproduce sexually by means of nonmotile egg cells and
motile flagellated sperm. Sponges are hermaphrodites b one sponge or-
ganism procfuces both egg and sperm. The gametes may be carried out 1o sea by
flowing water currents or fertilization may take place in the central cavity. The zy-
gote develops into an friblastula or early embryo. The embryo escapes from
the cavity through a pore, swims about for a short while, and then attaches itself,
settling down to grow into an adult sponge.

Phylum Cnidaria (Coelenterates)—
Hydrozoa, Jellyfish, Sea Anemones,
and Their Relatives

The next group on the evolutionary scale is the phylum Cnidaria. Like the
sponges, the Cnidaria arc aquatic animals. Species such as jellyfish, Portuguese
man-of-war, sea anemones, and corals five in ocean waters; Hydra is a freshwa-
ter genus. The cells that compose the body of the Cnidaria show more specializa-
tion than the body cells of sponges and are grouped together into simple tissues.

GENERAL CHARACTERISTICS

In general, the Cnidaria body is shaped like a hollow sac composed of two tissue
layers. The ectoderm covers the outer surface of the body; the endoderm lines
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Fig. 10.5 The structure of a jellyfish

the inner body surfaces. Between these two tissues is a gelatinous mass of undif-
ferentiated material known as the mesoglea.

A unique feature of the Cnidaria is the medusa and polyp forms shown by
representative classes in this phylum. Figure 10.5 illustrates the structure of a jel-
Iyfish. Note that its body shows radial symmetry. Notice also that the outer sur-
face of the body curves outward very much like a bowl or a bell. The under sur-
face curves inward and is best described as being concave. An animal with this
type of body shape is known as a medusa (plur., medusae). Some cnidarians have
the medusa shape all of their lives. Other species exhibit the medusa shape in part
of the life cycle. Figure 10.6 shows a simplified diagram of a medusa. Notice the
gastrovascular cavity; extending downward from it is the centrally located
manubrium, where the mouth is positioned. Tentacles hang from the outer edges
of the jellylike bowl. The gonads are suspended under the radial canals and open
inward in some species and outward in others.

A number of Cnidaria species have a body shape resembling a vase or cylin-
der. This type of body is known as a palyp. For some species the polyp is a stage
in the life cycle; in others, the polyp is the adult body form. Figure 10.7 provides
a simple diagram of a polyp. Notice that the proximal end is attached. The mouth,
surrounded by tentacles, is at the distal end of the animal.

The gastrovascular cavity, where digestion takes place, is a distinctive feature
of the animals in this phylum. Enzymes are secreted into the cavity, where food

Gastrovascular
cavity

Tentacle

Fig. 10.6 Diagram of a medusa
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Gastrovascular
cavity 4 ! Ectoderm

Tentacle

Fig. 10.7 A diagram of a polyp

is partially digested extracellularly (outside of cells). The partially digested food
molecules are then engulfed by cells lining the cavity; these cells complete the di-
gestion intracellularly (inside of cells). ]n an cvolutionary sense, th: cmd'.lmn
method of digestion is a signpost | 18 toward i ion of
body tissues and organs for digestion. anclcs not digested are c:l(pv:llr.‘d through
the single mouth-anus.

Biologists prefer to use the name Cnidaria for this phylum, instead of the for-
mer Coelenterata, because of the enfdocyres or stinging cells that are in the ten-
tacles of Cnidaria. These animals fecd on live prey. They capture smaller animals
by immobilizing them with toxins secreted by the stinging cells. Each cnidocyte
contains a thread capsule called a mematocyst, which discharges a thread in re-
sponse to touch or chemical stimulation of the cnidocil, a rigger-like device. The
thread may be barbed or coated with toxin. The nematocyst thread either hooks
the prey, ensnares it, paralyzes it with toxin, or does all three of these. Once im-
mobilized, the small animal is swept by the tentacles into the mouth-anus.

REPRESENTATIVE CLASSES
Class Hydrozoa

The Hydrozoa are the most primitive of the Cnidaria. Many of the Hydrozoa
species are colonial, with the mcmhtrs of a colony showing a division of labor.
Some of the hyd go through an ion of g ions in which an
pnlyp g with a sexual medusa generation. In this
Cnidaria class, the polyp form is dominant. However, the polyps of some specms
reproduce medusae by the asexual means of budding. The med ga-
metes (eggs and sperm) and thus begin the sexual gcmmlmn Spemu in the class
Hydrozoa mclude Hydra, Obel'm, Gonionemus, and the Portuguese man-of-war.
Hydra is a fresk ian that is ref i uflgmusofﬂl:s:lmz
name. Hydra is a polyp and has no medusa form in its life history. In length, this
hydrozoan is about 12 millimeters and has about cight tentacles that surround the
mouth-anus (Fig. 10.8). Hydras move about by somersaulting, end over end. The
animal’s locomotion is made possible by cells that have locomotor and sensory
functions. Reproduction in Fvdra is sexual and asexual. A single organism pro-
duces both egg and sperm, which are discharged into the water, where fertiliza-
tion takes place. Asexual Jucti

oceurs by budding.
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Fig. 10.8 Hydra,
expanded and
tracted  contracted

Mervous response in Hyvdra is controlled by a simple nervous system. Slim,
pointed sensory cells d througt the endoderm and ectoderm layers re-
ceive stimuli. From the sensory cells, the sensory impulses are passed to nerve
cells which form a nerve net spread throughout the ectoderm. The nerve net co-
ordinates Hydra § activities, enabling the animal to respond to chemical and tac-
tile stimuli in the environment. The nerve net is a very primitive nervous system
in which nervous impulses travel in either direction.

Obelia is a marine hydroid—a colony of subindividuals. The size of the colony
may range from 2.5 to 10 centimeters in height. It is sessile, attached 1o substrate
rocks along the shoreline. Look at Fig. 10.9. You can see that a number of polyps
are attached to a stalk. These polyps are specialized for carrying out specific life
functions. Some polyps are vegetative and attend to the feeding needs of the group;
others have a reproductive function. The hvdrotheca is a transparent covering that
surrounds the vegetative polyps; the gonotheca covers the ductive polyps.

.‘ _'\-\ylmd egg

Tentacles

Hydrotheca

Medusa bud

Vegetative Planulu
polyp )
Reproductive "-____ -—
polyp
Attached larva

Fig. 10.9 Life cycle of Obelia



170 INVERTEBRATES: SPONGES TO MOLLUSKS

The reproductive polyps do not have tentacles and consequently cannot feed.
They produce new polyp individuals by budding. The ductive polyps pro-
duce another kind of bud that resembles a saucer. This bud escapes the polyp
through an opening in the gonotheca, becomes free swimming and develops into
a medusa, resembling a jellyfish. The medusa is the sexual stage producing egg
and sperm. Fertilization takes place in the water. The zygote develops into a ball
of cells which changes into a ciliated larva and then becomes a young polyp. The
polyp attaches itself and sentles down. On maturity, the polyp begins colony build-
ing by budding and the eycle repeats. Thus, there is an alternation of an asexual
generation with a sexual generation,

Class Scyphozoa—Jellyfish

The Scyphozoa represent the true jellyfish. These cnidarians are free-swimming
and inhabit marine waters. In size, a jellyfish may be as small as 2 centimeters in
diameter or may be an enormous 4 meters across with trailing tentacles about 10
meters in length. As shown in Fig. 10.5, a jellyfish has the medusa body form
with notches in the margin of the bell. Four oral arms extend from the mouth
opening. Surrounding these arms are four gastric pouches where digestion oc-
curs. A complex of canals radiate through the medusa. Attached to the mem-
branes of the canals and encircling the gastric pouches are the gonads.

In some species of jellyfish a polyp stage occurs, but it is subordinate and in-
conspicuous compared to the medusa. Reproduction by the polyp i is asexual, ac-
complished by a kind of terminal budding known as strobil production
by the medusa is sexual.

Jellyfish show greater cell specialization than Hydra or Obelia, Underlying
the ectoderm are true muscle cells that propel the animal through water by regu-
lar contractions. Sensory nerves connect with the fibers of the nerve net and serve
as the nerve supply for the tentacles, the muscle cells, and the sense receptors.
Now for the first time we see the emergence of true sense organs: statocysts and
ocelli. The statocyst is a sense organ specialized for receiving and coordinating
information that enables an organism to orient itself in respect to gravity. Stato-
cysts are spaced around the margin of the bell. Each statocyst is composed of a
circle of hair cells, which 1 a central hardened crystal of calcium carbon-
ate known as the statolith. In response to movement of the statolith, the hair cells
send impulses to the nerve fibers. The organism can adjust 1o an up or down po-
sition in the water as indicated by the statocyst. The ocelli are groups of light re-
ceptor cells located at the base of the tentacles,

Class Anthozoa—Sea Anemones

This class of Cnidaria includes the sea anemones, sometimes called “animal-
flowers,” because of their brightly colored tentacles (Fig. 10.10), and the coral-
building animals. Both of these groups are polyps and have no medusa stage.
They are sessile, attached to substrate rocks at the odgc of the sea. Anthozoans

have les that 1 an elongated mouth which opens into a
tube (stomodacum) that extends into the gas lar cavity. R may
be asexual by budding or sexual involving eggs ami sperm.

The epithelial cells of the coral-building ians secrete calcium carbon-
ate walls in which the living polyps hide th Ives. The compound 1 by

these polyps build limestone coral reefs.
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Phylum Platyhelminthes—Flatworms

The tissues and the organs of the flatworm are developed from the three primary

germ layers: ectoderm, jerm, and endoderm. The simplest of the {1
demonstrate bilateral symmetry Thm phylum represents a step up the evolution-
ary scale showing defini f of y, nervous and reproductive

systems. Most flatworms are hermaphrodites, and most are parasites, including
several serious parasites of humans and other animals. Among the flatworms are
the planaria, flukes, and tapeworms.

THE PARASITIC WAY OF LIFE

By definition, a parasite is an organism that lives on or inside of the body of a
plant or animal of another species and does harm to the host. Parasites offer phys-
ical discomfort to the host and tend to kill slowly, meanwhile having had time to
reproduce themselves for several generations. Ectoparasites live on the host’s
body: body lice, dog fleas, ticks. Endoparasites live within the hosts’s body and
exhibit several adaptations for life in an intestine or in muscle or in the blood.

REPRESENTATIVE CLASSES
Class Turbellaria—Planaria

Planaria is a genus of small, freshwater, free-living flatworms that are studied ex-
tensively in biology classes. Figure 10.11 illustrates the general external structure
of a planarian, The digestive system ists of a ventral th-anus, a pharynx
that can be pushed outward, a digestive cavity and an intestine. A true body cav-
ity (coelom) is not present in Planaria as indicated by Jack of an anus separate
from the mouth. The excretory system of Planaria consists of a network of
branching tubes. The outer ends of these tubes open to the outside through an ex-
cretory pore, The inner portion of the tube connects to ciliated cells called flame
cells, which remove excess water from spaces around the cells.

Ac uence of bl 1 v is |hc nﬁm:mcnt of body systems. The
nervous system of Planaria rep an The nerve net
of Hydra is replaced by two lateral nerve cords :.'xtcndmg longitudinally from the
anterior end to the posterior end of the body. The presence of anterior ganglia, or
groups of nerve cells, to sort and finate nerve impulses is a signpost to cephal-
ization, the development of the head region. The eyespots or ecelli can disti I
light from dark and can also discern the direction from which the light comes. The
head region has many chemoreceptors, which aid in the locating of food.

Of special interest to students of biology is the regencrative powers of Pla-
naria. Figure 10.12 illustrates the regeneration process. Some turbellarians are
parthenogenic, producing individuals from nonfertilized eggs.

o @0 €0
gg 6@ Fig. 10.12

§§¢ Regeneraton

T T [l

Nerve cord

Fig. 10.11
Planaria
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ADULT FLUKE

Class Trematoda—Flukes

Opistorchis sinensis is the species name of the Chinese liver fluke, a parasite for
which the life cycle involves three hosts: snails, fish, and humans. Aquatic
(water-dwelling) snails eat fluke eggs that have been discharged into the water in
contaminated human feces. Once inside the snail, the eggs reproduce asexually,
resulting in hundreds of offspring. Three generations are nonmotile. The fourth
generation of offspring, free-swimming larvae, is discharged into the water. These
cercaria larvae burrow under the scales of fish, where they encyst in the muscles,
When the infected fish are caten by humans, the encysted cercariac become acti-
vated, mature into adult flukes, and move into the bile ducts and livers of their hu-
man hosts.

The body plan of the fluke is adapted for parasitism (Fig. 10.13). Most flukes
range in length from 1 to 5 centimeters. A sucker at the head end and one on the
underside enable them to adhere 1o host organs, The internal body consists of a
muscular throat (pharynx) that sucks body fluids in through the mouth and passes

Mouth Adult fluke resides in
Oral sucker human bile duct
Pharynx
Intestine .
Genital Liver
pore Bile duct
Ventral Intestine
sucker
Uterus
Yolk Eggs shed
glands | ] into intestine
Ovary ! { and released with
Seminal \ J feces are then
receptacle eaten by snail
Testis
Bladder Hatches
E:rimm)' /’ in snail and
s -'.FB grows into a
METACERCARIA / =D veloping
If infected / | rediae
::::r;:m / [ SPOROCYST
W Which produces
the encysted ¢ and releases
metacercariae | several
enter the bile | / Developing
duct and ‘| cercariae
mature 1o \ @ REDIAE
become adult { Which each
flukes \ ,/ produce several
D P CERCARIAE
—_——— Which leave
the snail
and burrow
under the
scales of a
fish to encyst
in its muscles

Filg. 10.13 Life history of the Chinese liver fluke
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them into a two-branched intestine. The greater portion of the internal body is
fi I!cd w:th reproductive organs. Flukcs are hermaphroditic, possessing the re-
y for producing both eggs and sperm.

Blood flukes ofl.'he genus Sh!cmmmn infect more than 200 million people in

70 nations of the tropics. The human host is robbed of nutrition by the fluke in-
vaders, which cause a wasting of the limbs, distended abdomen, intestinal mal-
and urinary disorders. At this time the newer, more effective drugs now
available seem to be the best means of diminishing the effects of fluke infection.

Ciass Cestoda—Tapeworm

Taenia solium is the species name of the tapeworm that infects pigs and people.
Having no mouth or digestive system, the adult worm obtains nourishment by ab-
sorption through its body wall from the human intestine where it lives. The body
of Taenia consists of a head, called the scolex, attached to a neck which is fol-
lowed by a series of body segments called proglottids. The scolex, which is about
2 millimeters in diameter, is fitted with hooks and four suckers, which enable the
worm to attach itself to the intestine wall. The proglottids bud from the neck and
become progressively more mature and larger as the chain of segments moves to-
ward the posterior end of the animal. A chain of proglottids may be two to three
meters long. Each proglottid has a compl ductive system producing both
egg and sperm. The nervous and excretory %yqtcme extend through the chain of
proglottids (Fig. 10.14).

The life cycle of the tapeworm involves two hosts. A mature proglottid con-
tains a sac filled with hundreds of fertilized eggs. When the proglottid walls rup-
ture, the ground becomes infected with fertilized eggs. If these eggs are ingested
by a pig, the protective walls surrounding each egg are digested, releasing devel-
aping embryos of the tapeworm into the digestive system of the pig. These em-
bryos bore into the pig's capillaries and are carried by the blood to the muscles

where the scolex forms a cyst. The worm now i 1 in the 1
(meat) of the pig. If the butchered pig [nm\ called pork) is improperly cooked and
eaten by a human, the encysted worm E ivated. Its head begins to bud

proglottids and the cycle of infection repeats.

Fig. 10.14 Tapeworm
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Phylum Nematoda—Roundworms

The roundworms, also called thread worms, are widely distributed, living in the
mud of salt and fresh water and in soil. Roundworms are small, tapered at both
ends; the elongated body is covered with an enzyme-resismm cuticle. The free-
living species have well-developed sense organs, includi and 1!
mouthparts; parasitic forms are simpler in structure. Anu:nor ganglia connoct
with dorsal and ventral nerve cords, articulating with smaller branching nerve
fibers. Male and female gar arc produced by SCXCS,

Ascaris lumbricoides is a roundworm parasite that lives in the human in-
testinal tract. [t ranges in length from 15 to 40 centimeters. The eggs cscape
through the feces of an infected individual and contaminate soil or water. People
become infected with Ascaris by eating comaminated food.

Hookworms are small les, measuring about seven centimeters in
length. Well-developed hooks surround the malc gcmla]la and are present in the
mouths of both sexes. Embryos in d so0il bore th h the skin of
human feet and travel through the blood vessels to the lungs. Th:rl they bore
through the lung tissue into the bronchi and the windpipe into the throat. They
are swallowed and pass into the intestines where they become attached to the
intestinal wall. Hookworms drain blood from the host and often cause severe
anemia,

Phylum Annelida—Segmented Worms

An important indi of evolutionary is the devel of the
body cavity known in technical langusge as the coelom. Species in the phylum
Annelida possess a true coclom. The coelom is a body cavity that has two open-
ings, beginning with an anterior mowrh and terminating in a posterior amus. It is
lined with endoderm and separates the internal body organ systems from the
muscles of the body wall. The cue!om :IllIIMS space for the de\-‘elnpment of com-
plex and specialized . dig ", and Y.

GENERAL CHARACTERISTICS

The annelids are segmented worms that live in soil, fresh water, or the sea. Most
of the annelids are rrce-lmn_g. although some of the manne forms burrow in tubes

and some species {class My ) are parasites on derms.

The body of an annelid is divided mlo a series of similar segments and is
said to be jcally 1. Most lids have a closed circnlatory
system where the blood is contained in vessels, Enlarged muscular blood ves-
sels function as hearts and pump the blood through the system of vessels. An-
nelids may be dioeci (have sep sexes) or b hroditic. Most annelid

species go through a ciliated larval stage known as the trochophore larva, This
is a larva of evolutionary importance because the same type appears in several
phyla.

‘Table 10.1 summarizes the important characteristics of three classes of an-
nelids. The first two classes are discussed in more detail,
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REPRESENTATIVE CLASSES
Class Polychaeta — Sandworm

Nereis inhabits burrows in sand and rocks at the edge of the sea (Fig. 10.15). The
body of the worm is markedly segmented. The head end is well-developed. It has
a muscular pharynx that can be extended outward to capture food. The pharynx
is equipped with a pair of hard curved jaws which are designed for grasping. The
head bears four simple eyes. four short tentacles, and two longer ones. Each body
segment following the head has fleshy, protruding appendages called parapodia
from which grow bristles, or setae (sing., seta).
The digestive system of Nereis is a straight tube consisting of a pharynx,
ph and a h-i ine, where the major part of digestion takes place.
Undigested food is eliminated through the anus. Oxygen is taken into the body
through the skin covering the parapodia, and it diffuses through the thin walls of
the blood vessels. The blood of Nereis ins the red pigs hemoglobin and
is enclosed in muscular vessels, A pair of coiled nephridia in each segment fil-
ter out waste materials. Well-developed ganglia in the dorsal part of the head relay

TABLE 10.1 Phylum Annelida

Class Examples Characteristics
Polychaeta sandworm, sea mouse, Marine; segmented worms;
fanworm, lugworm sctae, parapodia; tube-dwelling,
free-living; sexes separate
Oligochaeta earthworm, giant Freshwater and land (Tuhifex)
Australian worm dwelling; segmented worms;
setae, no parapodia;
hermaphroditic
Hirudinea leeches Mostly freshwater, some
marine, few terrestrial; body
fl d; reduced i

and body cavity; no circulatory
system or setae; ectoparasites,
predators, scavengers

Fig. 10.15
Nereis, the sandworm
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nerve signals from the sense organs to the ventral nerve cord. Lateral branching
nerves from the ventral nerve innervate the body organs. The sexes are separate,
Mature gametes are discharged into the water where fertilization takes place, The
zygote develops into a mochophore larva.

Class Oligochaeta—Earthworm

Lumbricus terrestis is rep ive of the cartl and is studied extensively
in hiology The earth t in moist soil, feeding on organic
malcna]s in the earth (Fig. 10 I6] The body is segmented and may have over one

| Its und loped head without eyes and tentacles is well

suited 1o a burrowing way of life.

The digestive system consists of a mouth, a pharynx, a long narrow esopha-
gus, a thin-walled crop, a lar gizzard, an i ine, and an anus. Thc intes-
tine has a dorsal infolding called the typhlosole, an ad for i g sur-
face area necessary for absorptive purposes. The n:spnratury system ut'Lumbnmv
is similar to that of Nereis except that in the earthworm oxygen diffuses through
moist body skin, not through parapodia. Paired nephridia are present in each body
segment and are used to filter out wastes from the coelomic fluid. Excretion of
these wastes takes place through the nephrostome, a ventral excretory pore. In
the skin, there are sense organs that function as light and touch receptors. The
ventral nerve cord with its branching nerve fibers and the anterior ganglia are not
unlike that of the sandworm.

Lumbricus is a hermaphrodite. However, earthworms do not self-fertilize;
they exchange sperm during copulation. The elitellum, a smooth circle of tissue
on the outside of the body, is the place where copulating worms attach to each
other.

Anterior end
segment

Clitellum

Posterior
end

Phylum Mollusca—
Clams and Their Relatives

The mollusks include the chitons, snails, clams, scallops, squids, and

This is one of the largest animal phyla and includes about 1,000 species.
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GENERAL CHARACTERISTICS

Mollusks are generally soft-bodied, nonsegmented, and usually enclosed within a
calcium carbonate shell. They are most abundant in marine waters, although some
species inhabit fresh water and others live on land. All mollusks have a manle, a
flattened picce of tissue that covers the body and which may seerete the caleare-
ous shell. The body of the mollusk is described as being a head-foot, a muscular
mass having different shapes and functions in the various classes. Between the
body and the mantle is the mantle cavity, which functions in respiration. A large
visceral mass contains most of the body organs. Water enters through an incur-
rent siphon and is expelled through an excurrent siphon.

The mollusks are the most highly developed of the g d animals and
are considered to be the most advanced invertebrates. They have well-developed
digestive, respiratory, excretory, and reproducti The circulatory sys-
tem includes a two-chambered heart equipped with an auricle and a ventricle.
Oxygen-laden blood is pumped both anteriorly and posteriorly through two arter-
ies to parts of the body. Blood carrying respi v wastes 15 coll 1 through a
vein that is closely applied to the nephridia. The deoxygenated blood is trans-
ported back to the gills. The excretory system has a pair of nephridia that excrete
filtered wastes through an excretory pore into the mantle cavity. The excurrent
siphon removes the dissolved wastes out of the shell.

The nervous system contains three pairs of ganglia positioned near the
esophagus, in the foot, and at the end of the visceral mass. These panglia are con-
nected by transverse nerve fibers. Simple sense receptors in the form of sensory
cells sensitive to light and touch are positioned in the margin of the mantle.

In most mollusks, the sexes are separate. The reproductive system is a mass
of gland tissue that lies in the muscular foot near the coiled intestine. In some
species sperm are conducted through the excurrent siphon of the male into the
mantle cavity of the female by way of the incurrent siphon, and fertilization tkes
place in the mantle cavity of the female, In other species, eggs and sperm are re-
leased into the water where fertilization takes place. Some mollusks—ovsiers,
scallops, and primitive worm-like forms—are hermaphroditic.

The fertilized eggs of clams and other bivalves develop into a larval stage
known as a glochidium, The glochidium is discharged into the water and attaches
as & parasite to the gills of fish, where it stays until reaching maturity.

Table 10.2 summarizes the important characteristics of the major classes of
mollusks. One class—the bivalves—is discussed in more detail.

A REPRESENTATIVE CLASS—PELECYPODA (BIVALVIA}

The clam is an excellent representative of this class, usually known as the bivalves
because of the presence of two valves or shells, The right and left valves are
hinged on the dorsal side and held tightly together by muscles attached to the inner
surfaces of the shells. Lining these inner surfaces is the membranous mantic. The
cavity inside of the shells is the mantle cavity.

The clam has a large muscular foot, which can be thrust between the open-
ing of the shells and which contracts and expands during locomotion due 1o the
action of protractor and retractor muscles attached to the inner faces of the shells.
A large visceral mass at the base of the foot contains most of the animal’s organs.

Four parallel gill plates are adjacent to the visceral mass. These gills function
in respiration, Oxygen from the water in the mantle cavity diffuses into the gills,
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which are surrounded by capillaries. Oxygen diffuses into the capillaries and then
into the bloodstream. Carbon dioxide diffuses out into the surrounding water by

way of the capillaries and the gills.

The digestive system of the clam is complete. A mouth occupies the anterior end
of the visceral mass. Leading from the mouth is a short esophagus followed by a
stomach and a coiled intestine extending partly into the foot. At the end of the intes-
tine is an anus. A bilobed digestive gland is on cither side of the stomach (Fig. 10.17).

TABLE 10.2. Phylum Mollusca

Class Exampl, Ch fi
Amphineura chiton Marine; bilaterally symmetrical; ventral
foot; shell of eight calcareous plates;
gills in mantle caviry.
Pelecypoda clam, mussel, Marine and freshwater; body enclosed
(Bivalvia) oyster, scallop,  in right and left shells; head reduced;
shipworm filter feeders; compressed foot;
sexes separate or hermaphroditic.
Gastropods snail, whelk, Marine, freshwater, land; most with
limpet, slug spiral, single shells; well-developed head
having tentacles and eyes; foot for locomo-
tion; shell absent in slugs; trochophore larva.
Cephalopods  squid, octopus,  Marine; well-developed head with large

nautilus

eyes: shell absent or present; tentacles;
siphon used for locomotion; ink gland;
SEXCS separate.

Mouth
Shell
Mantle

Gills Intestine

(b}

Fig. 10.17  Structure of the clam—
(a) external view; (b) internal structures
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Connecting Through Chapter Review

WORD-STUDY CONNECTION
amphiblastula filter feeder
anterior flame cells
antimeres fluke
blastula ganglia
budding gastrovascular cavity
cephalization glochidium
cercania gonotheca
chemoreceptors hair cells
clitellum hermaphrodite
cnidarian hydrotheca
cnidoblast larva
enidocil lateral
cnidocyte mantle
coelom manubrium
collar cells medusa
dioecious mesenchyme cells
distal mesoderm
dorsal mesoglea
ectoderm metameres
ectoparasite myoneme
endoderm nematocyst
endoparasite nephridia

SELF-TEST CONNECTION

nephrostome
ocellus
parapodia
parasite
parthenogenesis
polyp

posterior
primary germ layer
proglottids
proximal
regencration
scolex

setae

spicules
spongin
statocyst
statolith
strobilation

PART A, Completion, Write in the word that correctly completes each

statement.

described in terms of ..1..

REELE R

8. Cnidocytes are ..8.. cells.

9. A thread capsule found in Cnidaria tentacles is the .9..

10, Hydra lives in ..10.. water.
11. The polyps in a colony of Obelia reproduce asexually by ..11..

12. Orientation to gravity is controlled by jellyfish sense organs known as ..12.
13. Taenia s the genus of the ..13..

14, Ascaris is o parasite belonging to phylum ..14..

. Relative positions of body organs on opposite sides of a dividing line are

The portion of the fish fin that is attached to the body is the 2., end.
Invertchrates are animals without ..3..
Budding is a form of ..4.. reproduction.
The name Porifera means ..5.. bearing.
Needle-like crystals that make up the skeleton of a sponge are called ..6..
. An organism that produces both egg and sperm is known as an ..7..

15, Infection by hookworm can be avoided by wearing ..15..
16. The true coelom first appears in the ..16..
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14, Each tap has a compl
(a) digestive system (c) reproductive system
(b) nervous system (d) locomotor organ

15. A true statement about Planaria is
(a) Planaria are parsites.
(b) Planaria lack powers of regeneration.
(€) Planaria show the first signs of cephalization.
(d) Pianaria have segmented bodies.
16. The circulatory system of the annelid is
(2) open (c) partly closed
(b) closed (d) varying
17. The term metamerism refers to
(a) male and female gonads in the same animal
(b} a parasitic infestation of 1
(c) an evolutionary trend in dworms
(d) a series of identical segments
18. The trochophore larva
(a) is a fossil remnant
(b} shows relationships between phyla
(c) is part of the roundworm life cycle
(d) has free-flowing pseudopods
19. A true about the carthworm is
(a) Earthworms are self-fertilized.
(b) The carthworm sexes are separate.

{c¢) Earth pulate and exch sperm,

(d) Ear late and exchange cggs.
20. Cercaria larvae are beat associated with

(a) hydras (€) flukes

{b) earthworms (d) jellyfish

PART C. Modified True-False. I a statement is true, write “true” for your an-
swer. If a statement is incorrect, change the underlined expression to
one that will make the statement true.

1. A true body cavity is lined with mesoderm.
2, The dorsal region of the body is the under surface.
3. Contractile proteins are associated with feeding.
4. The Cnidaria are the first group to show tissug organization.
5. Sponges have an external skeleton.
6. Spongin is a fibrous carbohydrate.
7. The bowl shape of a jellylish is known as an umbrella.
8. The body form of Hydra is a polyp.
9. The nerve net is associated with sponges.
10. Hair cells are part of the ocelli.
11, "Animal-flowers™ refer to jellyfish.
12. The function of flame cells is related to di igestion.
13. Proglottids are segments in Planaria-
14. The head of a tapeworm is known as the proglottid.
15. Taenia lives in two hosts: human and the spail.
16. Annelids arc round worms.
17. Nereis is the genus name of the tapewonn.
18. The ' has a well developed head.
19. The most advanced phylum of invertebrates is Annelida.
20, The life cyele of the Chinese liver fluke includes four host organisms.
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CONNECTING TO CONCEPTS

1. What purpose is served by describing the animal body in terms of symmetry?
2. How do powers of reg ion affect the lity of the sponge?

3. How has the body of the tapeworm been adapted for a life of parsitism?

4. Why are the mollusks considered to be the most advanced of the invertebrates?

ANSWERS TO SELF-TEST CONNECTION

PART A

1, symmetry 11. budding
2. proximal 12. statocysts
3. backbones 13, tapeworm
4. asexual 14, Nematoda
5. pore 15, shoes

6. spicules 16. Annelids
7. hermaphrodite 17. dioecius
8. stinging 18. mantle
9. nematocyst 19. Mollusca
10. fresh 20. Mollusca
PART B

L.b 8. d 15. ¢
2.4 9. b 16. b
e 10. d 17. d

4. a 1. a 18. b
5.d 12. ¢ 19, ¢

6. ¢ 13. 2 0. ¢

T. ¢ 4. ¢

PART C

1. endoderm 11. sea anenomes
2, back 12. excretion

3. movement 13. tapeworms
4. true 14, scolex

5. internal 15. pig

6. protein 16. segmented
7. medusa 17. sandworm
8. true 18, true

9. Hydra 19. Mollusca
10 statolith 20, three

Connecting to Life/Job Skills

Marine science is the study of the oceans and the plants and animals that live
therein. A number of careers are related to marine science, such as marine biolo-
gist, ist, marine archeologist, and fisheries biologist. All of these careers
require a B.S. and an M.S. in biology or marine biology. A Ph.D. is required for
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INVERTEBRATES:
THE ARTHROPODA

OVERVIEW

In this chapter you will learn about one of the most successful groups of ani-

mals on Earth. The arthropods comprise a large number of adaptable animal
species living on land, swimming in fresh water and in the oceans, and flying in
the air.

The Arthropoda is the largest animal phylum in numbers of individuals, encom-
passing approximately 800,000 species, more than all of the other animal species
combined. Tt includes spiders, ticks, mites, lobsters, crabs, insects, centipedes,
and millipedes (Fig. 11.1). Arthropods are widely distributed, pying habitats
in marine, freshwater, and terrestrial environments,
The name arthroped in literal lation means “jointed foot,” a distinctive
characlcnsnc of this group. apr:ssed tradmonalty as “jointed appendages.” The
ds are ] by an kel made of protein
and the flexible but tough ca:bohy‘hale chitin, The chitinous exoskeleton is fash-
ioned in articulating plates held together by hinges covering both the body and th:
| and 1to Tes that make possible quick and b

movements,
The body cavity (coelom) is reduced in size and in its place is a hemocoel
(blood cavity), a part of the open circulatory system in which a pulsating section
functions as a dorsal heart. I-Iemnlvmph bathes the body organs directly because
it is not confined to vessels. Respi in mamy arthropod species makes use of
tracheal tubes, which communicate to the external environment by spiracles,
pores that appear one pair to a scgment. Some arthropods usc gills as organs of
respiration. Nervous impulses are carried on a ventral nerve cord occupying a
mid-position in the body. The sexes are separate. Some of the insects reproduce
parthenogenetically, a process in which eggs develop without fertilization,




(a) Class Cirripedia

OVERVIEW

(b) Class Malacostraca

Bamacle
(¢) Class Diplopoda (d) Class Chilopoda
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(e} Class Insecta (f) Class Arachnida

P ¥

Scorpion Spider

(g) Class Merostomata

Horseshoe crab
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Major Representative Classes

The phylum Arnthropoda is divided into several classes. The Arachnida, Mero-
stomata, Malacostraca, Insecta, Diplods, and Chilopoda are the most important,
Table 11.1 summarizes the characteristics of these classes, and a more detailed
discussion of three classes follows,

TABLE 11.1

Phylum Arthropoda

Class

Examples

Characteristics

Arachnida

Merostomata

Malacostraca

Diplopoda

Chilopoda

spider, tick, mite,
scorpion, harvestmen

horseshoe crab

crab, shrimp, lobster

crayfish, water flea
sow bug
grasshopper,
dragonfly, cockroach,
termite, louse, flea,
fly, butterfly, bee,
beetle, mosquito

millipede

centipede

Mostly terrestrial; small-to
moderate size; body divided into
cephalothorax and abdomen;

6 pairs of appendages; 4 pairs

of walking legs: no antennae;
simple eyes; book lungs or trachae.
Marine; cephalothorax covered
with chitinous exoskeleton;

5 walking legs; 5 pairs of
chelicerae adapted for walking.
Mostly aquatic; marine; gill
breathers; exoskeleton of chitin;
chewing mouthparts; 2 pairs of
antennae; 3 or more pairs of legs,
Freshwater

Terrestrial

Mostly terrestrial, freshwater,

no marine forms; body divided
into head, thorax, abdomen; mouth-
parts for biting, sucking, lapping;
2 pairs of wings; 3 pairs of legs;
breathing by tracheae; excretion by
Malpighian tubules; | pair of
antennae; 2 compound eyes.
Terrestrial; herbivores; head with
antennae and chewing mouthparts;
body segmented; 2 pairs of
walking legs ventral on each
segment; 2 eves; breathing by
trachea: 2 pairs of spiracles on each
segment.

Terrestrial; carnivorous; body
segmented; | pair of walking legs
lateral on cach segement; | pair of
long antennac; poison fangs on first

body segment; chewing mouthparts,
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CLASS MALACOSTRACA—
LOBSTERS AND THEIR RELATIVES

Malacostraca is a class of the phylum Crustacea, mandibulate arthropods. De-
rived from the Latin cursta, meaning “crust,” the name Crustacea describes the
lobsters and their relatives aptly. The crustacean body is covered by a tough exo-
skeleton arrangement in the form of arched plates that thin out at the joints to per-
mit maximum movement. The lobster is representative of this class.

External Characteristics

The segmented body is divided into a cephalatt and an abd Six

of the head and eight segments of the thorax are fused into a single cephalothorax;
seven the abd Pairs of jointed appendages are outgrowths
of each of the body s.egmems except the first and the last (Fig. 11.3).

The first body segment of the cephalothorax has a pair of compound eyes
(Fig. 11.4) positioned at the ends of long flexible stalks that can be extended or
retracted. The compound eye is an arthropod characteristic that represents an evo-
lutionary development in light receptors. The compound eye is a collection of
} Is of light-gatheting units, the idia, cach with its own lens and
light- scnsune cells. Each unit makes its own picture of part of an object. These

T p are put her in a pattern resembling a collage so that the

] eye p b Is of pi of the same object but at slightly

different angles. The compound eye d.ocs not render a clear picture of an object
but is a very efficient device for spotting movement of prey.

Segments 2 and 3 on the cephalothorax bear pairs of antennae, sense recep-
tors for touch and chemical stimuli. On scgmcnls 4—0 are appendages that have

been madified into biting and chewing g 10 bears two large
pincers (claws) used to fight off enemies and to capture food. Segments 11-14
have four pairs of walking legs. S 15-19 are abdominal they
bear appendages called swi ets tha‘ function mainly in circulating water

over the gills. There are two paddle-like appendages on segment 20 which con-
stitute the tail, an appendage modified for swimming.

Internal Structure

The respiratory system consists of feathery gills, outgrowths of the body wall that
lie on both sides of the body. The gills, surrounded by blood vessels, are bathed by

Cephalothorax

Paddlelike 12l

Walking begs

Fig. 11.3 External structure of the lobster
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Light-sensitive cell

Nerve libers to brain
s

Fig. 11.4 A diagram of the
arthropod compound eye

water in the gill chamber, a space under the anterior part of the exoskeleton. The
gills absorb oxygen from the water and release carbon dioxide into the water.

The heart is located dorsally. Blood enters the heart through three pairs of
valve-like openings. It is pumped out through several arteries which branch to all
parts of the body, where it delivers oxygen and food to the cells. Blood is emp-
tied into the body sinuses which drain into the capillaries of the gills. Here blood
exchanges carbon dioxide, a waste product of respiration, for oxygen.

The excretory system consists of a pair of green glands that are located in
the head. These glands filter out the nitrogenous wastes produced during protein
metabolism and pass them into a small bladder. The bladder empties out through
a small pore located at the base of the antennae (Fig. 11.5).

The digestive system consists of a mouth, a short esophagus, a stomach di-
vided into cardiac and pyloric chambers, an intestine, and an anus. The cardiac
portion of the I ins special grinding organs known as the gastric mill.
Finely ground food enters the pyloric chamber of the stomach where most of the
digestion takes place and where useful nutrients are absorbed into the blood.

The nervous system includes a dorsal “brain,” which is really a large ganglion
situated in the cephalott above the digestive system. These rings of tissue con-
nect with a ventral chain of ganglia from which a double nerve cord extends into
the tail. Nerves branch out from the dorsal brain and the ventral cord (Fig. 11.6).

Sexes in the lobster are separate. Bilobed gonads are located ventrally in the
cephalothorax. Sperm cells leave the testis by way of sperm ducts that open into
pores at the base of the fifth pair of walking legs. Oviducts in the female conduct
cggs from the ovary to openings at the base of the third pair of walking legs. The
early embryos develop while they are attached to the swimmerets of the female.

Vessels togills  Pericardial

Fig. 11.6 Digestive and nervous systems of the lobster
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workers have a special concave surface on the second pair of walking legs called
a pollen basker, which is used to carry pollen.

The queen bee receives sperm from the drone once during her lifetime. The
sperm are stored in a special organ called the spermatotheca, in which they may
live for years. Fertilized eggs give rise to females, most of which remain workers,
A special female may be selected by the colony and fed a diet of “royal jelly,” which
causes her to grow larger than the others and become fertile, This fertile female will
become a queen, and either take over the existing colony or start a colony of her
own. Drones develop from unfertilized eggs by the process of parthenogenesis.

Order Diptera—Mosquito

Characteristics A large number of insects are classified as dipterans because
they exhibit similar structural characteristics. Houseflies, fruit flies, gnats. and
mosquitoes each have only one pair of functional wings. A scl::md pn:.r are re-
duced o small hal led bodies rep pletely p
(vestigial) posterior wings. The larvae undergo a pl phosi

The body of the female Juito is el d and d with scales. The
legs are long and fragile Ioolung. T]le mnulhpuns are structured for piercing and
shaped like an el The (feelers) of the male are
bushier than those of the ﬁ:mnlc Both male and female feed on plant juices,
which they obtain through the piercing proboscis. Female mosquitoes, however
require a blood meal in order for their eggs to mature, Blood is obtained by bit-
ing animal organisms that have blood.

The eggs are laid on the surface of still water, where they develop into larvae
called wrigglers, a term descriptive of the way in which they swim with jerky,
wriggling movements. Mosquito larvae feed on algae and organic debris. In most
insects the pupae are quiet, but mosquito pupae, called, tumblers, are active,
breathing through structures on the thorax.

Mosquito species are identified by the resting position of the adult and the
shape of the larva. Figure 11.10 shows the adult resting position and larva of the
Culex mosquito in the resting position. Figure 11.11 is a similar illustration for
the Anapheles mosquito.

The Mosquito as a Disease Carrier  Globally, mosquito specics number about
2,500. Mosquitoes are a public health concern because several species transmit
diseases that disable and even kill humans. In Chapter 7 you read about plasmod-
ium, the mass of protist cells that causes malaria. Plasmodium is transmitted

Fig. 11.10 Culex ",
mosquito: adult in

the resting position -

and larva '

Fig. 11.11 Anopheles adult in the resting position and larva
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matter and serve as decomposers. On the other hand, ticks canse Rocky Mountain
spotted fever and mites are spoilers of grain,

The crustaceans for the most part are of great value to humans. Crabs, lob-
slers, and shrimp serve the cause of human nutrition deliciously.

Insects cannot be avoided. Some insects are helpful and others are harmiful.
Honeybees provide honey and pollinate flowers. Ladybird heetles destroy other
insects that are crop destroyers. Many insects such as flies, fleas, and mosquitoes
are carriers of disease; others such as Japanese beetles, tent caterpillars, and grass-
hoppers cause serious damage to foliage and food crops. A greater-than-billion-
dollar industry has been built for exterminating insects that infest our homes and
gardens. Insects help in the balance of nature and also in certain situations help
1o unbalance natural ies. This very successful species is human's great-
est competitor for food on Earth.

The recent outbreak of encephalitis in countries around the world, including the
northeastern United States, h:us public health scientists cnnccmcd At a time whcn
it was thought that infectious di had been c 1 of
borne viruses have aroused concern in both health officials and the public, Ttis qw!e
evident that insects that transmit disenses to humans are still a problem for society.

Connecting Through Chapter Review
WORD-STUDY CONNECTION

abdomen hemocoel proboscis
Anopheles hemolymph pronptum
arthropod hormone prothoracic gland
book lungs jomted appendages pupa
cephaloth i ile hormone queens
chelicerae larva spermatotheca
compound eyes Malpighian tubules sperm duct
corpus allatum metzmorphosis spinneret
crustacean mosquito spiracles
Culex nymphs swimmerets
diapause ommatidia tracheal tbes
drones open circulatory system tumbler
ecdysone ostin tympanic
encephalitis oviduct West Nile virus
gastric mill ovipositor workers
gill palp wriggler
gizzard pericardial cavity
green glands polymorphism

SELF-TEST CONNECTION

PART A. Completion, Write in the word that correctly completes each

statement,

1. The animal phylum that is largest in number of species and number of indi-

viduals is the ..1..
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10. The growth and differentiation that take place in insect larva is controlled by

the hormone known as
(a) juvenile (€) ecdysone
{b) brain (d) prothoracic

11. If an outbreak of encephalitis should occur in a specific geographic locale,
public health investigators would most likely search for organisms belonging

to the order
{a) Hymenoptera (c) Orthoptera
{b) Diptera (d) Isoptera
12. Culex pipiens is best described as a
{n) pathogen (¢) carrier
(b) virus (d) wriggler
13. Plasmodium, a pathogenic protist, is most closely associated with the insect
genus
(a) Hymenoptera (c) Culex
{b) Aedes (d) Anropheles
14. The mouthparts of mosquitoes are structured for
(a) biting (c) stinging
(b) chewing (d) piercing
15. In order for their eggs to mature, female mosquitoes require a meal of
(a) blood (c) honey
(b) algae (d) organic debris

PART C. Modified True-False. If a statement is true, write “true” for your an-
swer. If a statement is incorrect, change the underlined expression to
one that will make the statement true.

1. The body cavity of the arthropods is replaced by the coelom.

2. Arachnids are gnts.

3. Malpighian tubules change nitrogenous wastes into dry crystals of hile.
4. Spinnerets circulate water over the gills of the lobster.

5. The lobster has a (an) closed circulatory system.

ﬁ. The only flying invertcbrates are the waterfleas.

7. Butterfly mouth parts are structured for m

8. The feeding stage of the developing insect is the pupa.

9. Change in body form of the butterfly is known as gogoon.
10. Juvenile hormone is secreted by the corpus allatum,
11. Humans infected with the West Nile virus most likely will contract the dis-
12, Mosquito larvae are inactive while breathing through tubes,
13. The total number of genes in a virus particle is known as a genome.
14. Species of mosquitoes are identified by their fl Hm positions.
15. Houseflies and gnats each have two pairs of wings.

CONNECTING TO CONCEPTS

There are 80,000 species of Arthropoda. Why is this phylum so successful?
How does metamorphosis extend the life of the butterfly?

How does the compound eye of the lobster work?

Describe polymorphism in the honeybee.

AP
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ANSWERS TO SELF-TEST CONNECTION

PART A

1. Arthropoda 9. endocrine
2. parthenogenesis 10. tympanic
3. cephalothorax 11. polymorphism
4. ocelli 12. yellow

5. excretory 13, molis

6. insccts 14. queen

7. hiting 15, wings

8. balancing

PART B

L.d 6. a 1L b

2. a 7.d 12. ¢

b 8 d 13. d

4. ¢ 9 b 14. d

sd 1. ¢ 15, a
PART C

1. hemocoel 9. metamorphosis
2, spiders 10. true

3. uric acid 11. encephalitis
4. swimmerets 12. active

5, open 13, true

6. insects 14. resting

7. sucking 15. one pair

8. larva

Connecting to

Life/Job Skills

Have you ever tried to organize people in your neighborhood to carry out a com-
munity project? A very worthwhile project would be to involve the folks in your
community to carry out an on-going search for stagnant pools of water or other
places where mosquitoes are likely to breed. Consult your local health department
on the best way to eliminate areas that pose a threat to public health.

Chronology of
166%
1737

1824

Famous Names in Biology _

Marcello Malpighi (ltaly)—first 10 describe metamorphosis in the
silkworm; discovered the excretory tubules of insects.

Jan § dam (Netherlands)—prepared a detailed graph
on inscct structure, including many fine illustrations.
Straus-Durckheim (Germany)-—produced an illustrated work on in-
sect 7 a detailed study of the European beetle, the cockchafk




1834

1841

1965

1967

1978

1980

1982
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Leon Dufour (France)—published phs describing the
anatomy of several insect families.

George Newport (England)—elucidated the embryology of insect
phyla.

Franz Leydig (Germany)—was the first 1o study tissues of insects un-
der the microscope.

V. B. Wigglesworth (England)—-elucidated the physiological process
that controls metamorphosis in insects.

G. G. Jok (England)-—d ined the means by which flight car-
ries insects over large distances.

Wolfgang Beerman and Ulrich Clever (Germany)—discovered that
chromosome puffs scen in insect species are active genes.

Miriam Rothschild (England)—described the role of hormones in
the life cycle of the rabbit flea.

Suzanne Batra and Lekh Batra (United States)—studied the mutu-
alistic relationship between some insects and fungi.

G. Adrian Horridge (England) - explained the workings of the om-
matidia of the insect compound eye.

Lorus Milne and Margery Milne (United States)—presented a re-
search study on the four types of insects that live on the surface of
quiet waters,

‘William G. Eberhard (United States)—discovered the function of the
homns in the horned beetle as organs of lifting.

Thomas D. Seeley (United States)—discovered how honeybees locate
a site for a hive.

Ian Lipkin (United States) and colleagues—identified 100 percent of
the genome of the West Nile virus that caused the encephalitis out-
break in New York. The colleagues are Xi-Yu Jie, Thomas Brieze,
Ingo Jordan, Andrew Rambadt, Hen Chang Chi, John S, Macken-
zie, Roy A, Hall, and Jacqui Scharret.




CHAPTER 1 2

DEUTEROSTOMES,
CHORDATES, MAMMALS

I n this chapter you will learn how animals carry out their life functions. All an-

imals share certain basic ct istics. Animal cl istics become more de-
fined with 1 ing plexity in body

EVOLUTIONARY LINKS
Coelomates (see-loh-mates) are anlmals uwt have a true body mny completely
lined by d In y ion, the d P of the

coelom (body cavity) enabled the fmmuun of separate and more efficient body
systems. The coelomates include two distinct evolutionary lines consisting of the
(reg d by the echinod and the chord

The Deuterostomes

PHYLUM ECHINODERMATA—

SEA STARS AND THEIR RELATIVES
Echinoderms are spiny-skinned i t that include the sea stars, brittle
stars, sand dollars, sea urchins, and sea cucumbers. Although they do not look
very much like vertebrate animals, the develoy of the echinod embryo

strongly resembles that of the chordates in the carly stages. The larval stage is
free-swimming and shows bilateral symmetry.

General Characteristics

All echinoderms live in the sca. Most species are capable of a very slow, creep-
ing locomation. The only group of sessile echinoderms is the sea lilies,
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The name echinoderm means “spiny skin," a distinctive feature of the phy-
lum members. Just under the skm, calcareous spines and plates f'orm a skeleton,
Another dist 1 ristic of the echinoderms is p i
the body is built on a plan of five antimeres radiating from a central d:sc in wh.u::h
the mouth is in the middle, The digestive system is complete, although the anus
does not function. The echinroderms have no head and no excretory and respira-
tory systems. They do, however, have a mtzr \-mu]iu' system composed of a se-
ries of fluid-filled tubes that are used in | Changes of | in this
system enable an echinoderm to extend and retract tube feet. Thc tube feet are
used in locomotion and in some species they are used to capture prey. In the
echinoderms, the sexes are separate.

Table 12,1 summarizes the important characteristics of the classes of echin-
oderms. One class—that of the sea star—is discussed in more detail.

TABLE 12.1 Echinoderms
Class Examples Characteristics

Crinoidea sea lily, feather Sessile, attached by a stalk;
branched arms; ciliated
tube feet used for feeding;
some species are free
swimming; more abundant
during Paleozoic ern.

Asteroidea sed star Free moving by means of
tube feet; arms branching
from a central disc.

Ophiurcidea brittle stars, serpent Free moving; thin flexible

stars, basket stars arms marked off from disc;
tube feet used as sensory
organs and for feeding.

Echinoidea sand dollar, sea Free moving; body fused

biscuit, sea urchin plates or flattened disc,

without free rays, covered
with calcarcous plates;
some species covered with
spines,

I joil sea Free moving; elongated
flexible body with mouth
at one end; sometimes with
tentacles; skeletal elements
of the skin reduced.

A Representative Class—Asteroidea (Sea Stars)

The sea star is an excellent rep ive of the echinoderms (Fig. 12.1). (For-
merly, sea stars were known as starfish.) A sea star has all of the distinguishing
characteristics of echinoderms: radial symmetry, spiny skin, tube feet controlled
by a water vascular system, no head, and no excretory or msplmory ﬁy!!em Pro-
truding from the wall of the coelom, and ding out the
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Sea Star Sea Urchin Sea Cucumber
Fig. 12.1  Some rep tative echinod

plates into the sea water, are the papulae, sac-like structures that function as res-
piratory and excretory organs.

The mouth is located in the center of the disc on the underside of the body. The
mouth side of the body is called the oral side. The aboral side is the upper surface
without the mouth. A short esophagus leads from the mouth to the cardiac portion
of the h. A iction in the h wall sef the cardiac portion of
the stomach from the pyloric part. The cardiac stomach is turned inside out and
pushed through the mouth when the sea star is eating. The stomach engulfs the food,
usually mollusks or crustaceans, and digests it before pulling the stomach back to
the inside. The intestine and the anus of the sea star are practically nonfunctional.

On the aboral side of the sea star is a colored plate known as the
madreporite. Water enters the sca star through minute openings in this plate. Wa-
ter is drawn by ciliary action down into the stone canal {made rigid by calcareous
rings) to the ring canal that encircles the central dise. The ring canal has five ra-
diating canals that extend into the arms of the sea star. Short side branches con-
nect the radial canals with many pairs of tube feet, which contract and expand in
response to the water p in the amy a lar sac at the upper end of
the tube feet (Fig. 12.2).

The nervous system is composed of a nerve ring located in the disc from
which a ventral and radial nerve branch into each arm. The radial nerves have
finer branches that extend throughout the body. At the tip of each arm is a light
sensitive eyespot that is innervated by the radial nerve.

Sea star sexes are separate. Paired gonads are to be found in each ray. The
cggs of the female and sperm of the male escape through pores on the aboral sur-
face of the sea star. Fertilization takes place in the water, During embryonic de-
velopment, sea stars pass through several larval stages.

Sea stars have remarkable powers of regeneration. If an arm breaks off, an-
other arm grows back. Should a piece of the central disc be anached to the am-
putated arm, a new individual will grow from the dismembered part. Sea stars prey
on oysters. At one time, oyster “farmers” would clear the oyster beds of sea stars,
cut them up, and throw the cut pieces back into the water. What they accomplished

Radial canal Modreporite

Ring canal

\
Tube - foot
Fig. 12.2 Water vascular system of the sea star
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Fig. 12.4 Bilateral symmetry. There is only one way that the
dog could be divided into two equal halves.

3. The body has a true coelom and a digestive tract that begins with a mouth
and ends with an anus.

4. Other characteristics that differentiate the chordates from other animals are
the presence of pharyngeal gill slits and the dorsal hollow nerve cord. The
pharyngeal gill slits are paired vertical slits in the wall of the pharynx (throat)
positioned directly behind the mouth and connecting to the outside of the
body. The gill slits may be present only in the embryo stage, or they may per-
sist and be used in breathing. The dorsal hollow nerve cord is a hollow cylin-
drical tube, usually expanded into a brain at the anterior end. It lies dorsal 1o
the notochord. The hollow space 15 called the newrocoel.

SUBPHYLUM UROCHORDATA—TUNICATA

The adult tunicates are sessile, sac-like animals, often referred to as sea squirts.
They are filter-feeders, taking in water which passes through the gill slits into the
atrial chamber and out by way of the atriopore. The tunicates reproduce asexually by
budding and also sexually by eggs and sperm. The larval forms have a notochord, a
nerve cord, a pharynx with gill slits, and an endostyle. An endostyle is aciliated or
glandular outpocketing from the wall of the throat of the urochords, Cilia and mucus
from the gland sweep food backwards into the gullet. The adult forms lose the chor-
date characteristics. Examples of the mnicates are Cynthia, Salpa, and sea pork.

SUBPHYLUM CEPHALOCHORDATA—LANCELETS

The representative organism for the group is Amphioxus, the lancelet. It burrows
in the sand at the shoreline of tropical or temperate waters. The body is small,
elongated, and shaped like a fish without paired fins. It has gill slits, a well-
developed notochord and a dorsal hollow nerve cord (Fig. 12.5).

Head Nerve cord
Oral hood
Tentacles g ,\
Velum Pharyns | Gut  Atriopore s Notochord

Gill slits
Fig. 12.6 Amphioxus
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Fig. 12.6 Lamprey

CLASS AGNATHA—CYCLOSTOMES

The Agnatha are the most primitive of the vertebrates. These are the jawless
fishes—lampreys and hagfish—ch ized by a round mouth that has eamed
them the general name cyclostome. The agnathans have only a single nasal open-
ing at the tip of the snout and no paired fins or paired limbs of any kind. The no-
tochord is present throughout life and the skeletal structures are made of carti-
lage. The skin is smooth and slimy, lacking scales, The eyes are rudimentary.

The lampreys (Fig. 12.6) live in fresh water, where they are parasite-
predators on bony fish, The mouth of the lamprey is a sucker disk used by the fish
to attach itself to rocks or other organisms. After attaching itself to a fish, the lam-
prey uses a msping tongue-like structure to break the skin and suck the blood of
the host. The lampreys produce an amnoete larva, a filter-feeder living buried in
river mud, which lasts for about seven years before changing to adult form. The
adult life span is short, the adults dying after going upstream to spawn.

Hagfish live in temperate and tropical marine waters where they are scav-
engers, feeding on dead, disabled, and diseased fish.

CLASS CHONDRICHTHYES—CARTILAGINOUS FISH

The sharks (including the dogfish), rays, and skates are examples of the Chon-
drichthyes. Most species in this class live in the ocean. The Chondrichthyes have
paired fins, a lower jaw, and gill arches. The body of the shark is covered with
placoid scales which arise from the ectoderm, also forming the testh in the jaws
and on the roof of the mouth, A distinctive feature of this group of fish is that the
skeleton is made of cartilage, not bone as in the Osteichthyes, or bony fish. The
sharks and their relatives differ from the bony fish in other ways as well: they
have no swim bladder and no true scales, and the gill slits are uncovered,

Sharks are predators and feed upon bony fish, Most of the digestion takes
place in the stomach while absorption of digested food occurs in the intesting. A
spiral valve that extends the length of the short, fat intestine increases surface
area for absorption. The mouth is located ventrally (Fig. 12.7).
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Gill  Stomach
slit

Liver

Pectoral Intestine fin
fin

Fig. 12.7 Structure of the shark

Of particular interest is the sensory system of the shark. The eve of the shark,
except for shape, size and absence of evelids, is very much like the human eye.
The paired nostrils are pits on the ventral surface of the head that open externally
only and do not empty into the throat. The nostrils are lined with an olfactory
membrane which is connected by nerve fibers 1o the olfactory lobes in the brain.
Along the sides of the body are pressure receptors known as lateral line systems.
In the head pits of the fateral line, organs have become modified into long canals
filled with mucus. These canals, known as ampullae of Lorenzini, are sensitive
electrochemical receptors.

In all cartilaginous fish, fertilization is internal with the male using claspers,
madified pelvic fins, to place the sperm in the female’s body, In some species the
embryos are nourished oveviviparously, obtaining food from the egg. In other
species, the embryo is maintained inside the mother's body and nourishment is
passed from the blood vessels of the mother into the blood system of the devel-
aping embryo; this method of embryo nutrition is known as viviparous.

SUPERCLASS PISCES

Superclass Pisces includes all of the bony fish. Like the cartilaginous fish, the
Pisces are water-dwelling vertebrates that breathe by means of gills and have
paired eves and a two-chambered heart, with blood flowing from the heart
through the gills and then to the other parts of the body. The Pisces differ from
cartilaginous fish in having dermal scales and bone, not cartilage, in the skeleton.

Major Groups

The superclass Pisces is divided into four subgroups: classes Dipnoi, Crossoptery-
gii, Ganoidei, and Osteichthyes.

The Dipnoi are lungfish that live in lly dry ies in Africa, Aus-
tralia, and South America, These fish breathe by means of lungs and by gills. The
lung allows these animals to obtain oxygen from the air and permits them to live
in water that is too foul for gill breathing, During the dry season, they aestivate
(hibernate) in dry mud; they become activated when the river bed fills up with
water during the rainy season.

Some biologists consider the Jungfish to be intermediate between the fish
and the amphibia, Lungfish have several body structures that look like those
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Seahorse

Sunfish

Fs
Globefish Trunk fish
Fig. 12.8 A diversity of bony fishes

found in primitive land dwellers, and the early parts of the life cycle of the lung-
fish and the frog are almost identical. However, the shape of the teeth and jaws
are not froglike and indicate that direct line d | of the amphibians may
not have taken place.

The Crossopterygii, for the most part, represent fish that have become extinct.
This group is thought to be the ancestral line from which modern fish and am-
phibia descended. A living member of this group, called a coelocanth, was caught
off the coast of South Africa. It was a large, lobe-finned fish with bluish scales.

Members of the Ganoidei are the most primitive of the bony fish. Most
species in this class live in fresh water and their distinctive feature is the heavy
armor of ganeid scales which are flat and form heavy plates. Once the armored
fish were the dominant form of fish, but now only a few scattered species remain,
Living ples of the Ganoidei are sturg gar, pike and freshwater dogfish.
Some species have partly and a ing spiral valve

2y hip to the sharks.
The Osteichthyes, or true bony fish, are the most highly organized of all the
fish. They belong to the order Teleostei and are referred to as teleosts. They are a
very successful and widely distributed group, differing widely in aquatic habitat,
size, feeding patterns, and shape. Figure 12.8 ill the physical diversi
among the teleosts. However, characteristics are typical of all species of bony fish.

Distinctive Features

The distinctive features of the teleosts that make them different from the carti-
laginous fish are primarily the skeleton, the scales and the gills. The internal
skeleton is made of bone. The scales are cither eycloid (smooth) or ctenoid
(rough) and are constructed as thin bony plates rather than like the thick plates of
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Fig. 12.11 Metamorphosis in the frog

An amphibian must spend part of its life cycle in the water where its eggs are
laid and fertilized. The eggs develop into a larval stage, or tadpole, that has fish-
like characteristics. In tadpoles breathing is by means of gills, blood is pumped
by a two-chambered heart, and swimming is by means of a tail and body move-
ments made possible by muscles in the body wall. The change to adult form is

known as phosis, a process ¢ lled by the thyroid gland. The adult
amphibian loses the gills, lateral line senses, tail, unpaired fins and muscles con-
trolling them—the fish ch istics—and develops structures adapted for

life on land. An adult amphibian breathes by means of lungs and has a three-
chambered heart which is more efficient at pumping blood between the lungs, the
heart, and the rest of the body. In most species the adult also has limbs for move-
ment, but no tail (Fig. 12.11).

There are three general types of amphibia. The Apoda are worm-like, legless,
ground-burrowing forms found in tropical and semitropical regions; Caecilia (Fig.
12.12) is a representative genus. The Urodela are amphibians that do not lose their
tadpole-like tail in metamorphosis; salamanders, newts, and mud puppies (Fig.
12.13) are examples. The Anura, represented by frogs and toads, lose their tails on
becoming adults. Frogs and toads are the first vertebrates to become vocal.
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Fig. 12.12 Caecilia, Fig. 12,13 Necturus,
a wormlike amphibian the mud puppy

In frogs, fertilization is external. Sperm leave the testes through tubules called
vasa efferentia which communicate with the kidney. The sperm cells then pass into
the Wolffian duct which leads to the cloaca, a passageway that opens to the outside
of the body. In the female large egg masses are released into the body cavity from two
ovaries, located at the anterior end of each kidney. Beating cilia sweep the eggs into
coiled tubules known as oviducts where they are propelled to the cloaca and then out
of the body. As the eggs pass through the oviducts they are coated with a thin layer of
jelly-like material. At the time when the female is depositing eggs in the shallow wa-
ters of a pond or brook, the male deposits sperm over them. The sperm swim to the
eges; then, as cach sperm reaches an egg, it digests its way through the jelly and into
the egg, effecting fertilization. After fertilization the jelly coating on the eggs swells
due to the absorption of large amounts of water. The swelling of the black jelly causes
the eggs to adhere together and protects them from predation by fish and other ani-
mals. The t‘crtnhmd cgg, or zygote, undergoes cimagc I‘onmng a tadpole.

A i some 2 for prolonging life.
Many h.nve powers of regeneration to the extent that entire organs can grow back
after having been lost. The axolotyl and the urodele (Triton cristatus) are exam-
ples of animals in which ion occurs. Many amphibians are able to hi-
bernate or aestivate and survive unfavorable conditions.

CLASS REPTILIA

Reptiles are the first true land vertebrates relieved of the necessity of retuming to
the water to reproduce. Reproducing on land was made possible by the development
of special embryonic membranes that preserve on land the protection offered by the
aquam :-nmmmmt to thecmbryus ol'lmm vertebrates. One such membrane is the
g the embryo and filled with water. This sac
of water pmw:nls the dchc.'m: rapidly dmd.mg embryonic cells from drying out and
protects them from shock and mechanical injury. Animals having the amnion are
called amniotes; those animals without an amnion are known as anamniotes. Rep-
tiles, birds and Is are amniotes and therefore adapted to life on land.

The eggs of reptiles are fertilized internally, and the female lays fertilized eggs.
Reptile embryos develop encased in an egg surrounded by a leathery shell. Lining the
shell is the chorion, an embryonic ik that mediates the tv ry exchange of
gases between the outside air and the embryo. Sem:lgmamnpomryorg;m oflegpl-
ration and excretion is a third embryonic b the allantok bear-
ing a capillary network, grows into the space between unedwrmandﬂ»ammun,

General Characteristics

Reptiles have a dry leathery skin d with epid 1 scales. A hat flat-
tened skull contains a brain having a cerebrum much larger than that of the fish
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Order Squamata—Lizards and Smakes Lizards and snakes are squamates.
Their bodies are covered with a great number of small, flexible scales that, unlike
the scales of bony fish, cannot be removed easily. Lizards have movable eyelids,
visible earpits, and usually legs. Snakes, on the other hand, are legless and do not
have eyelids or earpits.

Lizards are typically land dwellers requiring the warmth of the sunshine. The
iguana is a large tree-living lizard native to Mexico. The chameleon, native to
Africa, has a flexible grasping tail and grasping feet; its coat is capable of chang-
ing colors to match the backg) 1. The gila Heloderna is the only lizard
whose bite is poisonous.

Although snakes are cold to the touch, they are not slimy. The body is heav-
ily muscled and strongly ribbed. Snakes use the ribs in walking. Of the 110
species of snakes in the United States only 20 species are poisonous. Among the
poisonous snakes are the copperhead, rattlesnake, water in, and the coral
snake. The harmless varieties include the puff adder, the garter snake, the black
snake, and the milk snake.

Order Crocodilia—Crocodiles and Alligators  This order includes the croco-
diles and the alligators, large thick-bodied reptiles. These are considered to be the
most advanced of the reptiles. The heart has a ventricle that is almost completely
divided into two compartments. The lungs are very well developed and the brain
has a rather large cerebrum. They live in shallow salt or fresh water where they
are better able to locomote than on land (Fig. 12.15).

Fig. 12,16 Crocodile

CLASS AVES—BIRDS
Characteristics

Birds are terrestrial vertebrates with feathers. Feathers are the distinctive feature
of birds: all birds have them and no other animals are so covered. The forelimb is
modified into wings for flight, leaving the hindlimbs for walking (bipedal loco-
motion). Birds are built for flight; special adaptations in body structure effect
lightness in weight, efficiency and strength. Not only are the feathers light in
weight and easily moved and lifted by wind, but they also create warmth next to
the body. Body heat warms the air that is in contact with the bird’s body. Warm
air becomes lighter and rises. Other adaptations for flight are the compact, but
hollow, bones, air saes pying all available body spaces, reduced
rectumn, absence of teeth, and tail feathers that replace a bony tail (Fig. 12.16).

In most bird species, the wings are organs of flight. However, in some
species, the wings are modified for other purposes. For example, the wings of
penguins serve as flippers for swimming.

A ling to fossil evid , the evoluti y link b the reptiles and
the birds is Archaeopteryx. Biologi ider Archaeopteryx to have been a bird
because it had feathers, but it also had some very distinctive reptilian features,
such as teeth and a long, bony tail.

Modern birds have lost reptilian characteristics. The feet of birds of various
species are modified for all kinds of uses: running, scratching, grasping, swim-
ming and wading. The horny bill is a characteristic of all birds. It is toothless and
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Fig. 12.16 Bone structure of the bird

modified in various slmpcs to carry out special functions. The colors of bird
feathers are due to or irrid and indi sexual dimorphism, a
state in which the male is often brightly and elaborately colored while the female
is drab.

Body Structure

The brain of the bird shows greater development than the brain of the reptile, and
the heart has four chambers—two atria and two ventricles, permitting complete
separation of oxypenated and deoa(ygcnnled blood. Unlike the mpnlen, birds
maintain constant body temy they are hamioth . or bl 1 or-

i The digestive system ists of a crop, a stomach, a gizzard, an intes-
tm:. and a much reduced rectum, Birds do not retain their feces, a condition
which is an adaptation for flight. There is a well developed kidney that empties
by way of the ureter. Birds have remarkable eyesight, a feature that makes hawks
and eagles such successful predators. On the other hand, the sense of smell is very
poorly developed in birds, The nictitating membrane (third eyelid) is a translu-
cent membrane that covers the eve 1s¢ Serving as p ion during flight.

Behavior

Birds show another advancement over reptiles in behavior. Song is used to estab-
lish territorial rights, an important aspect of bird social behavior. The song of
birds is produced by air passing over the syrinx, a secondary larynx located at the
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lower end of the windpipe (trachea) at its junction with the bronchi. The pattern
of reproduction in birds also differs from that of reptiles and amphibians, Birds
practice monogamy, the mating of one male with one female either for life or for
the duration of the breeding season. Before mating birds go through courtship; a
special type of behavior is displayed by males trying to gain the attention of re-
productive females. In birds, fertilization is internal; the development of the
young, external. [n most species the female lays the eggs in a characteristie-type
nest and both the male and the female take turns serting, a process of incubation
by which the eggs are kept warm, and later caring for the young.

Reproduction

The testes of birds are positioned in the back just above the kidneys. Mature
sperm leave the testes through tubules called the ductus deferens which lead into
the cloaca. The gonads of females are the ovaries, glands where eggs are pro-
duced. In female birds, there is one functioning ovary; the other having degen-
erated early in the bird's life. A bird's egg cell consists of a nucleus and a little
protoplasm. The cell is surrounded by yolk. A mature cell and its yolk are drawn
into the upper end of the oviduct, which is funnel-shaped and contains waving
cilia. As the cell with its yolk travels through the oviduet, it is surrounded
with layers of the protein albumen. The albumen is the white of the egg. The al-
bumen is surrounded by a thin membrane which then is covered by a calcareous
shell secreted by lime-producing glands that line the lower end of the oviduct
(Fig. 12.17).

Fertilization is accomplished during mating at which time the male and fe-
male place their cloacas close together. Sperm swim from the cloaca of the male
into the female cloaca and up into the oviduct, Fertilization takes place high up in
the oviduct before the albumen and the other surrounding membranes are se-
creted by the oviduet cells. Most birds lay a clutch of fewer than six eggs. How-
ever, ducks may lay as many as 15 eggs at one time (Fig. 12.18).

Amniotic fluid

Opening of

urcter

Cloaca

Fig. 12.17 Reproductive system of
the female bird

Allantois

Fig. 12.18 Development of the
bird embryo
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TABLE 12.3 Some Placental Mammals

Order

Characteristics

Examples

Insectivora

Small; nocturnal;
burrowing or tree-living;
feed on inseets; sharp-
snouted.

Hedgehog, moles, shrews

Dermoptera

Link between the
insectivores and the bats.

Flying lemur

Chiroptera

Winged, only mammals
able to fly: noctumal;
identify objects by
echolocation; according to
genus feed on insects,
blood, fruit.

Bats

Carnivora

Predators; swift of foot,
collar bones reduced, teeth
specialized for meat-eating;
cerebral development.

Dogs, wolves, coyotes,
bears, cats, lions, cheetah,
foxes, raccoons, weasels,
skunks, ete.

Rodentia

Gnawing mammals; sharp
incisor teeth; plant eaters;
most numerous of all living
mammals.

Hares, squirrels, guinca
pigs, rats and mice,
beavers, muskrats,
porcupines, prairie dogs,
woodchucks

Primates

Lemuroidea

Evolved from tree-dwelling
Insectivora ancestors; most
species arboreal; teeth
unspecialized; marked
development of eves and
brain, especially the
cerebrum; quadrupeds, but
upright sitting posture.
Tree-dwelling; primitive;
small, pointed ears; long
snout; big toes and thumbs.
set apart from other digits.
Binocular vision; reduced
sense of smell.

Enlarged,
cerebrum; well-developed
cyes; prehensile tails;
broad, flat noses; thumbs
reduced; external nostrils
close together.

Lemurs

Tarsiers

Monkeys, baboons,
macaques, gibbons,
orangutans, gorillas,
chimpanzees, humans
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Connecting Through Chapter Review

WORD-STUDY CONNECTION

albumen fry

allantois ganoid

amnion haltere

ampulla hepatic portal system
pullae of L homiott

antimeres lateral line

atriopore madreporite

atrium mammary gland

auricle marsupial

bipedal 1 phosis

campace milt

chordate monotreme

choricn neurocoel

claspers nictitating membrane

cloaca notochord

clutch operculum

coclocanth oviduct

coclomate aviparous

cranium ovoviviparous

clenoid papulae

cyclostome pharyngeal gill slits

deuterostome pharynx

dorsal hollow nerve cord placenta

ductus deferens placoid scales

endostyle plastron

SELF-TEST CONNECTION

poikilotherm
proboscis
regeneration
roe

S squirts

sen star

sexual dimorphism
spiral valve
swim bladder
syTinx

teleost

tube feet
umbilical cord
uterus

vasa efferentia
ventricle
vertebrae
vestigial
viviparous
water vascular systems
Wolffian duct
yolk sac
zygote

PART A. Completion. Write in the word that correctly completes each

statement.

1. The ..1.. stage of the echinoderms resembles that of the chordates.
2. Spines and plates made of calcium form the echinoderm ..2..

3. Antimeres are the radiating ..3.. of the sca stars.

4. All hemichords live in a .4.. environment.
5, The hemichord proboscis is used to .5,
6. The most primitive of the vertebrates are the ..6.. fish because of their feed-

ing patterns.

7. Hagfish are best described as 7.
8. The lamprey has ..8.. paired fins.
9. The amnocoete lives buried in .9..
10. The type of scales that cover the shark’s body is ..10..
11. The pressure receptors along the sides of fish are known as .11.. systems.
12. A living “fossil” fish is the ..12..
13. The teleosts are the ..13.. fish.
14. The larval stage of the frog is the ..14..

15. The first vertebrates to become vocal are the .15,
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16. The adaptation that protects the embryos of terrestrial animals against drying
and dessication is the ..16..

17. Dinosaurs are best classified as ..17..

18. The carapace and the plastron are best associated with the _.18..

19. All birds have ..19..

20. An example of a monotreme is the ..20..

21, An immature fish is called a ..21..

22. Egg masses of frogs leave the body cavity through tubes known as ..22..

23. Before mating, birds go through ..23.. behavior.

24. The sperm of fish are known as ..24..

25, The marsupial young are born immature because there has been no develop-

ment of the .25..
PART B. Multiple Choice. Circle the letter of the item that correctly completes
cach statement.
1. A distinctive feature of the phylum Echinodermata is the
{a) excretory system (c) antimeres
(b) spiny skin {d) notochord
2. Sea stars have a functional
(a) excretory system (¢} water vascular system
(b) respiratory system (d) head
3. The nonfunctioning organs of the sca star are the
(a) stomach and anus () tube feet and stomach
{b) mouth and intestine {d) anus and intestine
4. Water enters the sea star by way of the
{8) madreporite {c) ring canals
{b) stone canals (d) cardiac stomach
5. In the sea star a light-sensitive cyespot is located
(a) near the madreporite (e) next to the ampulla
(b) adjacent to the stomach (d) at the tip of each arm
6. The function of the spiral valve is to
(a) increase surface area (e) circulate blood
(b) digest food (d) store wastes
7. The process in which embryos obtain nourishment from the yolk in the egg
is described as
(a} viviparous (c) amnocoete
(b) ovoviviparous (d) osmosis
8. The dogfish is a (an}
(a) amphibian (€) bony fish
(b} lamprey (d) shark
9. Dipnoi is the class of the
(a) sharks (€) lungfish
(b) skates (d) cyclostomes
10. Teleosts are the
(a) sharks (¢} lamprey
() lung fish () bony fish
11. The gill covering of the bony fish is the
(a) spiral valve {c) cranium
{b) operculum {d) chorion

12. It is truc that fish
{n) have well-developed sense organs
(b) usually are farsighted
(c) have three semicircular canals
(d) have mouth-connected ol factory pits
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10. The shark’s skeleton is made of bone.

11. The words placoid, dermal, and ganoid describe types of fins.
12. The most highly organized of all the fish are the bony fish.
13. Most of the teleosts are ovoviviparous.

14. Metamorphosis of the tadpole is controlled by the gastric gland,
15. Sphenodon is the most advanced of the reptiles. I

16. In mammals the allantois evolved into the chorion.

17. Fertilization in most fish takes place internally.

18, A cloaca is a (an) tbe. -

19, Egg white is the protein gelatin,

20. A group of eggs laid at one Ume by a bird is a gatch.

21. A tadpole has a three-chambered heart.

22, Frog eggs are coated with a gellulose-like substance.

23. In mammals the abdominal cavity houses the lungs and heart.
24. Mammals are warm-blooded animals.

25. Only reptiles and Is have a fi hambered heart.

CONNECTING TO CONCEPTS

1. What distinguishing characteristics set the chordates apart from lower animals?

2. Why is “sea star™ a better name than “starfish™?

3. Why is a closed circulatory system more efficient than an open circulatory
system?

4. How is the body of a bird structured for flight?

5. Why is the blue whale correctly classified as a mammal, not as a fish?

ANSWERS TO SELF-TEST CONNECTION

PART A

1. larval 14. tadpole
2. exoskeleton 15. frogs and toads
3. arms 16. amnion
4. marine 17. reptiles
S, burrow 18, wrtle

6. jawless 19, feathers
7. scavengers 20, duck-billed or platypus
8. no 21, fry

9. mud 22, oviducts
10. placoid 23, courtship
11. lateral line 24. milt

12, coelacanth 15, placenta
13. bony

PART B

L.b 10. d 19. b
2. ¢ 11, b 20, ¢
3. d 1. ¢ 2. a
4. a 3. b 22 a
5.d 4. b 23 a
6. n 15. d 4. ¢
7. b 16. ¢ 5. b
8. d 17.d

9. c 18. d
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PART C

1. gill slits 14. thyroid
2. cilia 15, primitive
3. water 16. placenta
4. true 17. externally
5. hemichords 18. opening
6. Most 19, albumen
7. two 20. clutch
8. fish 21. wo

9. predators 22, jelly

10. cartilage 23. thoracic
11. scales 24, true

12. true 25, birds
13. oviparous

Connecting to Life/Job Skills

Biology encompasses a wide range of specialized fields of study, Table 1.3 in
Chapter 1 presents just a few areas of biological study; there are many more spe-
cialties. Biologists select a particular area for specialization. For example, ento-
mologists specialize in the study of insects. Most entomologists further narrow
their field of concentration to particular insect phyla. As another example, some
marine biologists concentrate their study on sharks. Using your school or local
library, you may wish to investigate the many coreer areas in biology. You will
also find much useful information via the Internet. Then, if you are interested, you
will need to consider earning a bachelor’s degree in biology.

Chronology of Famous Names in Biology _

1750

1757

1760

1763

1804

1830

1837

1876

Rene Antoine deReaumur (France)—wrote a monumental work in

six vol on the ical of insects.

Pierre Lyonet {Netherlands)—presented a brilliant piece of research

on the life cycle of the goat-moth caterpillar.

Petrus Camper (Netherlands)—published anatomical studies on the
lephant, rhi and the reindeer. Also published an Ilent pa-

per on the anatomy of the orangutan.

John Hunter (England}—introduced “modern” methods in the study

of i of b

Alexander Brongniart (France)—was the first to classify the am-
phibia separately from the reptiles,

Johannes Peter Muller (Germany)—devoted himself to marine re-
search and made valuable contributions to the study of the evolution
of marine forms.

Karl Ernst von Baer (Germany)-—discovered that animal tissues
arise from three primary germ layers.

Max Forbringer (G y}—produced valuable inf on the
comparative anatomy of the breast, wing, and shoulder of birds.
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1957

1965

1967

1969

1971

1977

1980

1982

1983

James Gray (England}—carried out research which elucidated the
mechanisms by which small fish gain swimming speed.

Archie Carr (England)—studied the navigational habits of the green
turtle.

Neal Griffith Smith (England)—discovered that gulls recognize
species mates by visual signals.

Kjeil Joh. (Sweden)—p d a remarkable study on the evo-
lution of air-breathing fishes.

Crawford H. Greenewalt (United States)—elucidated the mechani-
cal means by which birds produce song.

Knut Schmidt-Nielsen (United States)—discovered the pathway that
air takes through the lungs of birds.

T. J. Dauson (England)—studied the adaptive gies of k
that enable them to maintain their ducti
Benacerraf Baruj (United States), George D. Snell (United States),
and Jean Dausset (France)—won the Nobel Prize for discoveries that
explain how cell structure influences organ transplants and diseases.
Roger W. Sperry (United States), David Hubel (United States), and
Torsten N, Weisel (Sweden)—won the Nobel Prize for studies eluci-
dating the organization and function of the veriebrate brain.

Edmond H. Fischer and Edwin Krebs (United States)—won the No-
bel Prize for di: yofa latory hanism affecting all cells.
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PARTS OF THE SKELETON

The human skeleton is divided into two major parts: the axial skeleton and the
appendicular skeleton,

Axial Skeleton

The skull, the thorax (rib cage) and the vetebral, or spinal, column are the three
regions of the axial skeleton.

Skull

All the bones of the head compose the skull, The two regions of the skull—the
cranium and the face—are made up of 22 flat and irregularly shaped bones.
Eight bones form the cranium, which functions in the | ion of the brain. The
facial region, designed to protect the eyes, nose, mouth, and ears, is composed of
14 bones. The sinuses are air spaces in the facial bones which aid in reducing the
weight of the skull. The bones of the middle ear that function in transmitting
sound to the inner ear are the smallest bones in the body—namely, the hammer,
anvil, and stirrups.

Vertebral Column

The vertebral column is composed of 26 bones known as vertebrae. At birth the
vertebral column consists of 33 bones: seven cervical (neck) vertebrae, twelve
thoracic vertebrae, five lumbar vertebrae, five sacral vertebrae, and four coc-
cygeal (tail) vertebrae, but the five sacral bones fuse into one large triangular
bone—the sacrum—at the back of the pelvis and the four coccygeal bones fuse
into a single coccyx.

The vertebral column is the backbone made flexible by the cartilage and lig-
aments that join the individual vertebrae. Such a flexible backbone permits move-
ment of the head and bending of the trunk. Of major importance is the backbone's
function in the protection of the spinal cord, which extends downward from the
brain through the opening in each vertebra. Nerves branching from the spinal
cord radiate to all parts of the body through openings in the sides of the vertebrae.
Figure 13.3 shows the discs of cartilage that separate the individual vertebrae.
These discs prevent friction due to the rubbing of the bones and serve as shock
absorbers.

Fig. 13.3 The
Vertebral Enlarged  human vertebral
column vertebral  column
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COMPOSITION OF BONE

About 20 percent of living bone is water; the ining 80 percent ists of
mineral matter and protein. Mineral matter deposited in bone usually forms the
compound tricalcium phosphate (Cay(PO,),). Magnesium and other elements
may also contribute to the mineral composition. The protein portion of the matrix
is made of collagen fibers that are found in tendons, skin and connective tissue.
The protein fibers and the mineral matter form the nonliving matrix of bone.
However, bone also contains a varicty of living cells and blood vessels that pro-
vide the pathways for nourishment to the cells and permit the removal of respira-
tory wastes from the cells.

Living bone cells are nestled in small spaces in the mineral matrix of bone.
These cells are of three types, cach adapted to carry out a specific function con-
cerned with the building and maintaining of bone. The production of new bone
material and the repair of broken bones are the work of osteoblasts, which are re-
sponsible for secreting the mineral and protein compounds that form the matrix.
A second type of bone cell is the osteoclast, a bone breaker, able to dissolve bits
of bone that are in the way of the efficient design of the skeleton. The destructive
work of the osteoclasts is often followed by constructive work of the osteoblasts
in the rebuilding of bone. The third type of bone cell, the osteocyte, functions as
the carctaker of the bone tissue nearby.

The surface of nearly all pants of bone is covered by a tough membrane, the
periosteum. The periosteum is perforated by microscopic blood vessels that sup-
ply the bone cells with nourishment. Although bone matrix appears to be solid, it
is pierced by a network of Haversian canals through which blood vessels pass.
Merve fibers also extend into the bone interior through Haversian canals, The
larger blood vessels pass directly into spongy bone and into the yellow marrow
areas of the long bones.

The Muscular System

Muscles represent 40 percent of the total weight of the human body. Muscle tis-
sue is characterized by contractility and electrical excitability, two distinctive
properties that enable it to effect movement of the body and its parts. Two com-
maon disorders of locomotion and/or other movements are described in Table 13.2.

There are three types of muscle tissue: smooth, striated, and cardiac. The move-
ments of smoeoth and stniated muscle tissue are controlled by contractile proteins and
innervation from the nervous system; these muscles respond to the electrical stimu-
lation of a nerve impulse. Cardiac muscle, on the other hand, functions to a great de-
gree because of its own inherent ability to generate and conduct electrical impulses.

TABLE 13.2 Two Common Disorders of Locomotion

and/or Other Movement
Disarder Description
Arthritis Inflammation of the joints and their supporting structures
Terdoniti Infl ion of the tendon at the point of attachment to

the bone
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TYPES OF MUSCLE
Smooth Muscle

Smooth muscle is present in the walls of the internal organs, including the diges-
tive tract, reproductive organs, bladder, arteries, and veins. Because smooth mus-
cle is contained in organs that do not respond to the will of a person, these mus-
cles are called involuntary muscles. The most common function of smooth
muscle is to squeeze, exerting pressure on the space inside the tube or organ it
surrounds. Food is moved down the esophagus by the squeczing action of smooth
muscle. The action of smooth muscles causes urine to be expelled from the blad-
der, semen to be discharged from the seminal vesicles and blood 1o be pumped
through arteries, The opening and closing of the iris of the eye in response to light
is accomplished by the action of smooth muscles.

Smooth muscle is made up of cells packed with contractile proteins, the cells
forming sheets of tissue. Smooth muscle tissue is innervated by nerve cells and
fibers from the sympathetic nervous system, that part of the nervous system that
controls the activities of the internal organs. The contraction of smooth muscle is
in response to stimulation by nerve cells, neurchumors or hormones.,

Striated Muscle

Striated muscle is variously referred to as striped muscle, voluntary muscle or
skeletal muscle—terms describing its structure and function. Located in the legs,
arms, back and torso, striated muscles attach to and move the skeleton; since they
are moved by the will of the person, they are often termed volintary muscles. A
striated or skeletal muscle is made up of a great number of muscle fibers, each of
which extends the entire length of the muscle. There are probably around six bil-
lion fibers in more than 600 muscles scattered throughout the body.

If you look at a bit of striated muscle through the microscope, you will note
that the muscle fibers contain many nuclei that seem not to be separated from
cach other by a plasma L Such an ar in which plasma mem-
branes are missing is called a sy i Each muscle fiber is innervated by at
lcast one motor nevron. A nenremuscular junction is the space (synapse) be-
tween a nerve cell and a muscle.

Cardiac Muscle

Cardiac muscle is present only in the heart, where the cells form long rows of
fibers. Unlike other muscle tissue, cardiac muscle contracts independently of
nerve supply since reflex activity and electrical stimuli are contained within the
cardiac muscle cells themselves. Purkinje fibers, pant of the mechanism that
controls heartbeat, are so specialized for conducting electrical impulses that they
do not have ile ins. Each beat is started by self-activating elec-
trical activity of the heart’s pacemaker, known as the sinoatrial node (S-A
node), positioned in the wall of the right atrium. From the 5-A node, the impulse
spreads throughout the atrium to the atrioventricular node (A-V node), a spe-
cialized bundle of cardiac muscle located on the atrium near the ventricles. The
impulse spreads from the A-V node to all parts of the ventricles, causing simul-
taneous contractions in the ventricles.
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The Nervous System

The nervous system in humans is made up of two major parts: the central ner-
vous system and the peripheral nervous system. Nervous tissue is specialized
to receive stimuli from the outside envi and to cond lses to other
body tissues. The development of the nervous system and particularly of the brain
is what makes humans significantly different from other animals.

The basic unit of function of the nervous system is the neuron, or nerve cell,
An understanding of the structure and function of this cell and of the way in
which it transmits nerve impulses is important before dealing with the parts of the
nervous system.

NERVE CELLS

The parts of the nerve cell are the cyton, or cell body, the dendrites and the
axon. The dendrites receive signals from sense organs or from other nerve cells
and transmit them to the cyton, The cell body passes signals to the axon, which
then conducts the signals away from the dendrites and cell body. A nerve cell has
only one axon but many dendrites. The axon terminating in end brushes (known
also as terminal branches) is popularly called a nerve fiber. Many of the axons
in the vertebrate body are covered by a fatty myelin sheath made of Schwann
cells. The space between two Schwann cells is known as a node of Ranvier. Ax-
ons with the myelin sheath transmit impulses more quickly than those without
the fatty coverings.

The nervous system has three types of neurons. Sensory or afferent neurons
receive impulses from the sense organs and transmit them to the brain or spinal
cord. Assaciative or infernewrons are located within the brain or spinal cord.
These transmit signals from sensory neurons and pass them along to motor neu-
rons. Motor or efferent (Fig. 13.8) neurons conduct signals away from the brain
or spinal cord 1o muscles or glands, so-called effector organs,

Fig. 13.8 Motor neuron
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As an impulse travels through the nerve cell, several events take place. As the
impulse touches a given point along the length of the plasma membrane, that site
becomes permeable to Na™ ions and Na” crosses the membrane and enters the
cell. At the same time, the cell membrane becomes even more permeable to K*
which then leaks out of the cell at a greater rate. These events lead to the depo-
larization of the cell in which there is a wave-like reversal of electrical charge
along the length of the cell membrane. After the impulse is transmitted, the cell
uses energy in mechanisms known as the sedium-potassiom pump and carrier-
facilitated transport to bring the cell back to its resting potential.

Axons with myelinated sheaths can conduct impulses at the rate of 200 me-
ters per second. Naked axons may conduct impulses at the rate of a few milli-
meters per second.

Impulses travel from one newron to another crossing a specialized pap called
the synapse. The pse is a space b nerve cells that measures about 20
nanometers in width—just enough distance to prevent the touching of nerve cells.
The terminal branches of the axons have synaptic knobs at their ends. As im-
pulses tra\:l along an axon, the synaptic knubs release chemicals called newro-

T8 O NEUrod . The carry the impulse across the
synapse onto the dendrites ofthc receiving nerve cell. The two main nearohumors
are leboline and pinephrine, each with inhibitory or excitatory capa-

bilities. After an impulse has crossed a synapse, the neurotransmitter is destroyed
by an enzyme such as cholinesterase. (Many drugs of abuse, including LSD and
cocaine, interfere with nerve impulse transmission.)

The endbrushes of the motor neurons are buried in a muscle or a gland. The
Jjunction between the nerve rhcrs and the muscles is known as the neuromuscu-
lar j jon. The acetylcholine carries the impulse from Ihc
nerve fiber to the muscle or gland. Nerve ission across the
Jjunction is always excitatory, never inhibitory.

THE CENTRAL NERVOUS SYSTEM

The brain and the spinal cord compose the central nervous system. In the vertebrate
body, the organs of the central nervous system are well protected by being wrapped
in connective tissue and enclosed in bone. The brain, covered by the membranous
meninges, rests in the skull cavity where it is enclosed by the cranium. The spinal
cord, also covered by connective tissue, is circled by the vertebral column,

Fig. 13.10) contains approximately 100 billion neurons and has
an average weight of 3 pounds. The brain is the master control center of the body,
processing information that is gathered by the sense organs, The brain reoewec
processes, stores, and retrieves information. It i by

ing and inhibiting the activities of different body systems and organs. The brain
is divided into several parts, each with special functions, Among the most impor-
tant parts are the forebrain, the midbrain. and the hindbrain.

Forebrain

In mammals the largest and most highly developed part of the brain is the fore-
brain. It includes the cerebrum, the seat of intelligence. It controls the voluntary,
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Cerebrum

Cerebral Thalamus
Corpus  cortex

stem
Fig. 13.10 Cerebell 5@,.,1 Medulla
The human brain rebetum cord

conscious activities of the human body. All voluntary muscle movements and all
speech, thinking, and memory are controlled by the cerebrum.

The cercbrum folds back on :tsclfm many places forming wrinkles known
as These ¢ luti the surface area of the brain, The
cerebrum is divided into two equal halves—the right and left cerebral hemi-
spheres, Each of these hemispheres is subdivided into distinct regions of nervous
control by fissures and convolutions. These regions control sensory areas for dif-
ferent parts of the body and are not haphazardly arranged.

The outer layer of the cerebrum is called the cerebral cortex and is composed
of gray matrer—unsheathed nerve cell bodies. Under the cortex is the white mar-
ter made up of sheathed axons. These fibers connect the various parts of the cere-
brum and the cerebrum with other parts oflhe brmn

In addition to the cerebrum, the foret ludes other regions. A pair ol‘
olfactory lobes process the sense of smell, The thal serves as a switchb
for sensory information. Incoming signals from the sense organs are sent to clus-
ters of neurons (called nuclei) in the thalamus and then directed to the cerebrum,
These nuclei also integrate some outgoing motor signals. The hypothalamus
monitors signals from internal organs and controls body temperature, osmoregu-
latory activities, the onset of ity, thirst, hunger, and the sex drive. The hy-
pothalamus is also the region where the nervous and hormonal systems interact.

Midbrain

The midbrain is covered with gray martter that accepts visual and sensory signals.
These signals are sent on to higher brain centers for processing. The midbrain,
medulla oblongata, and the pons form the brainstem.

A major network of interneurons runs through the entire length of the brain-
stem. This group of interneurons is known as the reticular formation. The retic-
ular formation connects with nerves in the spinal cord that control muscle con-
traction, and also forms links with the cerebellum in the hindbrain to control
balancc, mus:le tone and equilibrium. The cerebellum controls the precision and
« of Y such as walking, running, dancing, skating,
writing, and keyboarding.




THE NERVOUS SYSTEM 237

Hindbrain

The hindbrain is posed of the medulia oblongata, the bell and the
pons. The medulla, or medulla oblongata, lies below the cercbrum and connects
with the spinal cord, It contains a great number of ganglia (cytons) that receive
sensory impulses and send out motor signals. Through the medulla pass many of
the sensory and all of the motor nerves on their way to or from the higher centers
in the brain. The Jull ls automatic, invol y activities such as the
contraction of smooth muscles, reflex movements, dilation and constriction of
blood vessels, swallowing, and breathing.

The cerebell, Is body dination, balance, and equilibrium. It re-
ceives sensory signals about body position and balance and integrates these
signals with those coming from the sense organs: eyes, ears, skin, and muscle
spindles.

The pons serves as a bridge. Bands of nerve extending from the pons fibers
link the cerebrum, cerebellum, and brainstem.

Spinal Cord

The spinal cord is an elongated tubular structure containing masses of nerve cells
and fibers and lying within the vertebral column, It is composed of a central H-
shaped core of gray matter surrounded by white matter. The spinal cord conducts
impulses to and from the brain; the impulses enter and leave the spinal cord
through spinal nerves which extend from the spinal cord to the other organs of the
body. The spinal cord is also the center for simple reflex activity,

In a simple reflex, ofien known as a reflex are, only sensory nerves, the
spinal cord, and motor nerves are involved, It allows i P with-
out involving transmission to and from the brain. An example of a reflex is pulling
vour hand from a hot stove. When you touch a hot stove, sensory nerves pick up
the stimulus from receptors in the skin and transmit it to the spinal cord, which
signals motor nerves to signal muscles for you to pull your hand away-—-all
instantaneously,

THE PERIPHERAL NERVOUS SYSTEM

The peripheral nervous system connects the central nervous system—the brain
and spinal cord—with the other orngans of the bady. It has two parts—somatic
and autonomic.

Somatic Nervous System

The somatic nervous system is composed of cranial nerves and spimal nerves, The
fibers of both sensory and motor neurons are bundled together to form the cranial
nerves. Twelve cranial nerves extend between the brain and the sense organs
(eyes, ears, nose, etc.), heart, and other internal organs. Thirty-one pairs of mixed
sensory and motor nerves extend from the spinal cord to the muscles and organs
of the body. Each of the spinal nerves separates into sensory fibers and motor
fibers as these nerves join to form the spinal cord. The sensory fibers lead into
the dorsal side of the spinal cord. Some of the sensory fibers synapse with the
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(i ) others lead to the brain. The cell bodies of the
sensory nerves are in the dorsal root ganglia outside the spinal cord. The motor
nerves lead out from the spinal cord on the ventral side. Their cell bodies are in

the spinal cord, where they pse with the iati in the spinal
cord.
Autonomic Nervous System

A network of nerves known as the autonomic nervous system controls the body's
involuntary activities and the smooth muscles of the internal organs, glands, and
heart muscle, It is composed of motor (efferent) neurons leaving the brain and
spinal cord and also of peripheral efferent neurons (Fig. 13.11).

Uripary
Urlnary Felvic nerva bladder
bladder Gomadsand  Fijum terminale Comads and sex
sex cessol
secessories
Parayympathetic system Sympathetic system
(craniosacral) (thoracolembar)

Fig. 13.11  The at ic nervous syst

Y
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The Endocrine System

Within the mammalian body there is a constellation of ductless glands known
as the endocrine system. Figure 13.13 shows the locations of these glands in
the human body. You will notice that these glands are not grouped together but
are distributed throughout the body. Although these glands are not grouped to-
gether, they are considered to be a system because of similanities in structure
and function.

As the name implies, ductless glands do not have ducts and therefore do not
discharge their secretions directly into another organ. Most of the glands in the
body, however, are duct glands, delivering their secretions directly into a con-
tiguous or nearby organ. For example, the salivary gland delivers saliva directly
into the mouth, and sweat glands conduct perspiration directly to the skin.
Enduerlne glands, also knuw‘n as glands of internal secretion, deliver their

hormones—into the blood: which then carries them to their
target ergans, Hormones regulate many of the imp baoli ivities of
cells and organs,

The endocrine system is made up of the pituitary gland, the thyroid gland,
the paratiproid glands, the adrenal gland, the isies of Langerhans in the pan-
creas, the thymus gland, the pineal gland, and the gonads—testes in the male and
ovaries in the female, Certain secretions of the stomach and small intestine are
also hormones and thus part of the endocrine system.

Through their secretions the endocrine glands regulate grwrlh mc of me-
tabolism, response o stress, blood p muscle

Pineal gland

— Pituitary gland

Thyroid gland
(Parathyroid glands
are behind this)
~—- Thymus gland
T Lung

™ Stomach

" Pancreas

Scrotum —-——_

Testes =

Fig. 13.13 Diagram showing the Iocaﬂon 01' the major endocrine
glands: pineal, pituitary, thyroid, p (part),
lining of the small intestine, adraual glands, and sax glands
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flat sheet of muscle that separates the chest cavity from the abdominal cavity. The
diaphragm is attached to the breastbone at the front, to the spinal column at the
back and to the lower ribs on the sides. When the diaphragm muscle contracts, the
diaphragm is drawn d d, creating a partial vacuum in the chest cavity and
thus causing air to flow through the respiratory tubes into the lungs, When the di-
aphragm is relaxed, the chest cavity becomes smaller, forcing the air out, The av-
erage rate of respiration in humans is about 18 breaths per minute,
Table 13.5 describes five common disorders of the respiratory system.

TABLE 13,5 Some Disorders of the Respiratory System

Disorder Description

Pleunisy Inflammation of the pleural linings of the lungs, caused by
an lation of fluid t the pleural layers

Bronchitis Inflammation of the membranes that line the bronchial tubes

Asthma An allergic resp lting in the iction of the

bronchial tubes
Emphysema A condition characterized by the loss of elasticity in the
muscle fibers of the air sacs in the lungs. causing their
1 and d ion. The result is difficulty in
breathing, overwork of the heart, and very often death.
Hiccough Irritation of the nerves that control the diaphragm, resulting
(also spelled  inan irregular intake of air which causes a peculiar noise as
“hiccup™) the glottis closes down

The Circulatory System

The human circulatory system consists of the heart and the system of blood ves-
sels that transport blood throughout the body.

THE HEART

The human heart lies in the chest cavity behind the breastbone and slightly to the
left. The heart is a bundle of cardiac muscles specialized for rhythmic contrac-
tions and relaxations known as heartbear. The rate of average heartbeat is 72
times per minute,

Figure [3.15 shows the external structure of the heart. In size, the heart is
about as large as a person’s clenched fist. The walls are thicker on one side than
on the other. The surface is covered with a number of small arteries and veins;
these small arteries are the coronary arteries, which carry blood laden with oxy-
gen and nutrients to the musele fibers of the heart. A number of large arteries and
veins lead into the top of the heart. These carry blood to and from the other parts
of the body.

The inside of the heart is divided into four chambers. The two chambers at
the top are the receiving chambers, or the atria. The lower chambers, the ventri-
cles arc pumping chambers, Each atrium is separated from the ventricle below by
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Lungs Head and brain
Superior vena cava
Pulmonary vein
Pulmonary artery
(Low In oxygen) {High In axygen)
. — Left atrium
Right ventricle ————
Latt ventricle
Infarior vena cava
Dorsal acrta
tic portal
Hepatic poi )
Kidneys and Alimentary canal
lower regions

of body
Fig. 13.16 Path of the blood in the human circulatory system

Blood | is a very valuable diagnostic | ture. Each
time the ventricle contracts, blood is forced through an artery, increasing blood
flow. The contraction phase is known as systole: relaxation, diastole. Normal sys-
tolic f is 120; diastolic, 80. This infi ion is written as 120/80.

WORK OF THE BLOOD

Blood consists of a liquid medium called plasma and three kinds of blood cells:
red blood cells (erythrocytes), white blood cells (leucocytes), and platelets.

The human body contains about 25 trillion erythrocytes, cach one lasting
about 120 days. New red cells are produced by the bone marrow at the rate of one
million per second. Erythrocytes contain hundreds of molecules of the iron-
protein compound hemoglobin. In the lungs, oxygen binds loosely to hemoglobin
forming the I 1 oxyh lobin. As erythrocytes pass body cells with low
oxygen content, oxygen is released from hemoglobin and diffuses into tissue
cells, Carbon dioxide combines with another portion of the hemoglobin molecule
and is transported to the lungs where it is exhaled.

For each 600 red blood cells there is one white blood cell, numbering in the
billions in the blood. There are five types of white blood cells, functioning to pro-

tect the body against invading foreign proteins. The boid-like neurrophils
and vtes behave as phagocytes, engulfing bacteria and other foreign pro-
teins. Eosinophils detoxify hi ine-like i Lymphocytes participate in
i P , and basophils prod i 1

BLOOD CLOTTING

Platelets are the smallest of the cellular elements in the blood. Actually, platelets
are not true cells and are more ly described as cellular fre
Platelets do not have nuclei. They originate in the bone marrow where they are
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hed-off lasmic fi of large cells. Despite their small size,
plal:lets play a rna]ur role in the clotting of blood.

When a capillary is cut, platelets collect at the site of the injury. There they
break into smaller fragments and initiate the mmplu:ated chemlcal pmce!s of
blood clotting, in which more than 15 factors, includi
(Ca), and fibrinogen, are involved in the formation ofaclot onmnl.mn,g blood cells
in a fibrin meshwork (Fig. 13.17).

Damaged tissue ?md platelets
Thmmlmplntln +Cal* Fibrinogen
Pmthmblnm
R e
Prothrombin FRT Thrombin Fibrin

Fig. 13.17 Some steps of the blood clotting process

BLOOD TYPES

The main types of blood are A, B, AB, and O, Transfusions of blood are possible
anly when the blood types of donor and recipient are compatible. If the blood
types are not compatible, proteins in the plasma will recognize foreign antigens
on red blood cells and respond by causing the cells to agglurinate, or clump, a
condition that causes blockage in small blood vessels, Table 13.6 summarizes the
blood proteins involved in blood types.

TABLE 13.6 Proteins of

Blood Types
Blood Cell Plasma
Antigen Antibody
A A b
B B a
AB AB none
0 none aand b

NOTE: Type AB—universal recipient
Type O—universal donor
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The Digestive System

Fig. 13.18
The human
digestive system

In addition to vessels, the lymphatic system has lumpy masses of cells,
known as lymph naodes, distributed throughout the body. These Iymph nodes or
glands are filtering organs that clear the tissue fluids of bacteria and other foreign
particles. Lymph nodes are in the head, face, neck, thoracic region, armpits, groin
and pelvic and abdominal regions. These nodes help the body in defense against
disease. In addition to filtering out bacteria, they produce lymphocytes and
antibodics.

Edema is the swelling that results from inadequate drainage of lymph from
the body tissue spaces, Edema is brought about by heart and kidney disorders,
malnutrition, injury, or other causes.

The human digestive system begins with the mouth and ends with the anus, and
is often described as a “tube within a whe.” Variously called the gur, afimeniary
canal, or g intestinal tract, the digestive system extends from the lower part
of the head region through the entire torso (Fig. 13.18).

Essentially, this system carries out five separate jobs that have to do with the
processing and distribution of nutrients. First, it governs ingestion, or food intake,
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Second, it transports food to organs for temporary storage. Third, it controls the
mechanical breakdown of food and its chemical digestion. Fourth, it is respon-
sible for the absorption of nutrient molecules. Fifth, it provides for the temporary
storage and then the elimination of waste products.

Digestion begins in the mouth. Teeth grind the food while three pairs of sali-
vary glands pour salivary juice (saliva) into the mouth. Saliva contains the en-
zyme salivary amylase (ptyalin), which begins the digestion of starch. The moist-
ened, chewed food is swallowed and moves through the throat into the food 1wbe,

i

or esophagus. The esophagus has no digestive function but moves the food into
the stomach by waves of muscle contractions called peristalsis.

Chemical digestion is also known as hydrolysis. As the name indicates, hy-
drolysis is the splitting of large, insoluble molecules into small molecules that are
able to dissolve in water. In the digestive system, hydrolysis is regulated by di-
gestive enzymes, as shown in the examples that follow:

{maltase
maltose + water —om) glucose + glucose

: lf EAsE | N N
proteins + witer m—’b amino acids

lipids + water _ipase) | 3 fanty acids and 1 glycerol

The stomach is the widest organ in the alimentary canal. It stores food while
it churns and squeezes it, urning it into the consistency of a thick pea soup. In
this semiliquid form, food can be worked upon by enzymes. Gastric glands em-
bedded in the walls of the stomach scercte gastric juice, a combination of hy-
drochloric acid and two enzymes: rennin and pepsin. Rennin is specialized for di-
gesting the protein in milk: pepsin, for hydrolyzing several plant and animal
proteins. The semiliquid food, often referred to as a balus or chyme, is released a
little at a time into the upper part of the small intestine.

Between the stomach and the small intestine is a ring of muscle called the py-
loric sphincter that closes the stomach off from the duodenum, the upper part
of the small intestine. In effect, the sphincter muscle regulates the flow of chyme
from the stomach into the intestine.

The major work of digestion oceurs in the small intestine. Lying outside of
the alimentary canal are two important glands that are necessary for the many
processes of digestion. The largest of these is the liver, It synthesizes bile and
stores it in a pouch known as the gallbladder. Through bile ducts, bile is released
into the small intestine where it serves as an emulsifier of fat, enabling it to be
acted upon by the fat-digesting enzyme lipase. The other accessory gland is the
panereas, a dual gland that synthesizes both hormones and enzymes, The pan-
creas releases pancreatic juice into the small intestine. This digestive juice is a
combination of water and several digestive enzymes, each of which is specific for
the digestion of fat, carbohydrate, or protein.

In the walls of the small intesting are infestinal glands which manufacture
and secrete i inal juice, a bination of enzymes that digest starches, sug-
ars, and proteins, The « of all digestion is that nutrient molecules are re-
duced to soluble forms that enable them 1o cross cell membranes, Carbohydrates
are digested into glucose or fructose. Proteins are broken down into amino acids.
Fats are hydrolyzed into fatty acids and glycerol. These nutrients are absorbed by
finger-like vilfi (sing., villus) an adaptation in the small intestine for increasing
surface area (Fig. 13.19).

Digested food diffuses into the capillaries of the villi. Blood then carries the
food molecules to the liver through the portal vein. In the liver, sugar is removed
from the blood and stored as glyeogen. Digested fat molecules are absorbed into
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Fig. 13.19  Villi

the lacteals (lymph vessels) and then enter the bloodstream through the thoracic
duct, which is in the chest cavity.

Food that is not digested passes into the large intestine, also called the colon.
The large intestine absorbs a great deal of water and dissolved minerals. Undi-
gested food, called feces, is pushed into the rectum, where it is stored temporar-
ily until eliminated through the anus.

Some lisorders of the digestive system are described in Table 13.8.

TABLE 13.8 Some Disorders of the Digestive System

Ulcer A punched-out defect in the wall of the alimentary canal,
caused by the digestive action of gastric juice

Constipation Difficult passage of stools from the large intestine, caused
by excessive absorption of water

Diarrhea Passage of frequent and watery stools, associated with
decreased water absorption and possibly resulting in
dehydration

Appendicitis Acute inflammation of the appendix

Diverticulosis Grapelike outpocketings on the colon wall, which may
become infected and obstruct the bowel

Gallstones Aggregations of hardened bile salts, chol 1, and

calcium in the gallbladder

The Excretory System

In human beings, the lungs, the skin, and the urinary system work to expel the
wastes produced in boli ivities. The lungs excrete carbon dioxide and
water. The skin expels water and salts from the sweat glands and a small amount
of oil from the sebacecus glands. The urinary system handles the major work of
excretion,
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a clear fluid called the aqueons humor. The back chamber contains a transpar-
ent jelly-like material called the vitreous humor.

The lens is transparent and is made of a great many layers of protein fibers.
It measures about 8 millimeters in diameter. The function of the lens is to focus
light on the retina at the back of the eyeball. The shape of the lens changes; it
flattens when focusing on distant objects and thickens when focusing on near ob-
jects. The ability to bring objects into focus although they are located at different
distances is called accommodation.

The colored portion of the front of the eye is the iris; in its center is a hole
called the pupil. Light enters the eye through the pupil and passes through the
comea, the agueous humor, the lens, and the vitreous humor. Light reaches the
retina, where a barrage of signals is set up. These signals are conducted to the op-
tie nerve, which carries them to the visual portions of the brain. The lens turns the
image upside down and reverses it from left to right. The visual centers in the brain
correct the inversions and reversals of the lens to make the image right side up.

Buried in the retina are cells called rods and cones. There are about 7 mil-
lion cones and 120 million rods. The rods help the eye to accommodate in dim
light and aid in night vision. The cones are responsible for color vision.

THE EAR AND HEARING

The human ear is made up of three divisions: the outer ear, the middle ear and
the inner ear. Figure 13.23 shows the structure of the ear. The outer ear catches
sound waves and transports them to the eardrum, a membrane that stretches
across the outer canal separating it from the middle ear. Sound waves cause the
eardrum to vibrate.

The middle ear is a small cavity that is filled with air. It lies inside of the skull
bone between the outer ear and the inner ear. At the bottom of the middle ear is

Middle ear Inner ear

Quter canal

g () Ly
-
Tympanic membrane

(eardrum)

Vestibular channel
Middle \
aravity |\ Row:mh':kdo channel
! und window
\ " Oval window

Eustachian tube
Fig. 13.23  Structure of the human ear
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an opening that leads into a canal. This canal, called the Eustachian tube, is a
passageway that connects the middle ear to the throat. This tube equalizes the air
pressure in the ear with that in the throat, This equalization is accomplished by
yawning or swallowing,

The middle ear contains three bones called the hammer, the anvil, and the
stirrup, which are the smallest bones in the body. These bones accept the vibra-
tions from the cardrum and transmit them to the oval window, one of two small

overed openings b the middle ear and the inner ear.
The inner ear, which is entirely encased in bone, has a fluid-filled structure
called the cochlea, so named b it bles a snail in shape. The cochlea

has numerous canals that are lined with hair cells. The vibrations from the oval
window are transmitted to the hair cells in the cochlea and thence on to the au-
ditory nerve, which conducts the vibrations to the brain. In the brain, these sig-
nals are interpreted into sounds,

THE OTHER MAJOR SENSES

‘The organs of smell are located in the mucous membranes of the upper part of the
nasal cavities. Special olfactory cells respond to odors and pass the impulse
along the olfactory nerve to the brain. The sense of smell is far more important
in lower animals than it is in humans.

The organs of taste are found chiefly on the tongue. These taste buds, as they
are called, distinguish basic qualities such as bitter, sweet, sour, and salty.

The organs of touch are located on the skin surface and they respond to tem-
perature, pain, and pressure.

Reproduction

In this section we will discuss the human reproductive system and, very briefly,
the development of human young,

MALE REPRODUCTIVE SYSTEM

In the male reproductive system some organs are located outside of the body and
others are positioned internally. Look at Fig. 13.24, and note the scrotum, a sac-like

Fig. 13.24 Male
reproductive system
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CLEAVAGE

During the series of cell divisions that occur in cleavage, there is no growth in size
of the zygote or any separation of the cells. Figure 13.26 shows the stages of
cleavage.

The first division of cleavage results in the formation of two cells; the sec-
ond, four. Succeeding divisions result in eight cells, then 16, 32, and so forth, un-
til a solid ball of cells called a morula is formed. Cells in the morula migrate
to the periphery, and the solid ball of cells changes to a hollow ball called a
blastula.

Within a very short time, one side of the blastula pushes inward, forming
what resembles a double-walled cup. This stage of cleavage is known as the gas-
trula. During the gastrula stage three distinet layers of cells—the ectoderm (the
outer layer), the mesoderm (the middle layer), and the endoderm (the inner
layer)—are formed. These layers, known as primary germ layers, develop into
the tissues and organs of the body through a process known as differentiation.
An embryo is now forming. Table 13.10 summarizes the development of the pri-
mary germ layers,

TABLE 13.10 Differentiation of
the Three Primary Germ Layers

Ectoderm Endoderm Mesoderm
skin lining of lungs muscles, skeleton,
nervous system lining of digestive system heart, blood vessels,
sense organs pancreas blood, ovarics,
liver testes, kidneys
respiratory system

Zygote First cleavage Second cleavage Third cleavage  Morula
2cell stage 4-cell stage 8-cell stage

Blastula

Early embryo
gastrula

Fig. 13.26 Stages of cleavage



HUMAN BEINGS AND RACE 259

DEVELOPMENT OF THE HUMAN EMBRYO

As a result of cleavage of the fertilized egg and its implantation in the uterus,
many changes oceur in the body. The follicle from which the egg cell bursts be-
comes filled with some yellowish glandular material and is now known as the cor-
pus luteum. The corpus luteum acts as an endocrine gland, secreting progesterone,
which prevents any other eggs in the ovary from developing further. The menstrual
eycele is halied. No more cggs are disch i for the duration of the | y

The embryw produces several membranes that will not form any part of the new
baby but are necessary to the development and well being of the embryo. (The term
fetus is used when the embryo takes human form.) One of these membranes is the
amnion, a water-filled sac that completely surrounds and protects the embryo. The
water absorbs shocks and prevents friction that might damage the embryo.

The implanted embryo is attached to the uterus by means of the umbilical
cord, a structure that contains blood vessels that function in carrying nutrients
and oxygen to the embryo and transporting wastes away from the embryo. The
umbilical cord with the pl a larized organ made up of tis-
sues of the mother and tissues of the embryo. The blood of the embryo that cir-
culates in the capillaries of the placenta is separated from the blood of the mother
by layers of cells thin enough to allow diffusion between the two circulatory sys-
tems. There is no mixing of the blood of the mother with the blood of the embryo.

PARTURITION

The birth process is known as parturition. In humans the period of gestation {pe-
riod of embryonic and fetal development) is about 9 months or 40 weeks. At the end
of that time, the uterus begins to contract in a process called labor to expel the baby.
The onsct of uterine contractions is probably causcd by the release of oxytocin into
the bloodstream by the posterior pituitary. The human newborn passes through the
neck of the uterus {cervix) head first and then through the vagina o the outside.

MULTIPLE BIRTHS

Although humans usually produce only one offspring at a time, sometimes two,
three, or even more young may be bormn at the same time, particularly if a woman has
been taking fertility drugs. OF these multiple births, twins are the most commeon.
There are two types of twins: identical and fr 1. T | twins result from the
fertilization of one egg and have the same genetic makeup. They are of the same sex
and are almost identical in appearance. They develop in a common chorionic sac and
share a commen placenta, However, the umbilical cords are separte.

Fraternal twins develop from two separate fertilized eggs. They do not share
a common genetic makeup and are no more alike than siblings born at separate
times. The sexes may be different, Each fraternal twin has its own chorionic mem-
brane and its own placenta.

Human Beings and Race

All humans belong to the species Homo saplens. As a result, the genetic mater-
ial of all people is so similar that all humans can interbreed and produce fertile
offspring. The human species is really a group of interbreeding populations,
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Populations that have adapted to certain envi become genetically differ-
ent based on the frequency with which certain genes appear. Skin color, hair tex-
ture, body build and facial bone structure are a few of the characteristics that
identify human population groups known as races.

Although we can make broad generalizations about the identifying charac-
teristies of racial groups, not every member of each group fits these specifica-
tions. A st of physical characteristics can be drawn up that will fit individuals of
several different races. Therefore, it is difficult for biologists and anthropologists
1o agree on the number of human races. Modern anthropologists divide Homo
sapiens into three major stocks: Caucasoid, Mongoloid, and African. Each of
these groupings is subdivided into several human populations distinguishable by
certain pronounced characteristics, The Caucasoid stock is composed of four
white races: Nordic, Alpine, Mediterranean, and Hindu. The Asian stock is di-
vided into the Malaysian, American Indian, and Mongolian populations. The
African stock is separated into the Black, Melanesian, Pygmy Black, and Bush-
man populations, Of doubtful groupings are the Polynesian and the Australoid
peoples. Many anthropologists classify these groups as Asian; others disagree. No
matter the grouping, the differences amang human races are very small.
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Cholce. Circle the letter of the item that correctly completes

each statement.

1. The cutheria are

(a) flying birds (¢) female kangaroos
(b) infertile frogs (d) placental mammals
2. A prehensile tail is adapted for
(a) swimming {¢) gliding
{b) grasping {d) balancing
3. Convolutions are best associated with the
{n) pharynx {c) brain
(b) lung {d) nerve cord
4. The number of bones in the mature human skeleton is
(a) 206 {e) 290
(b) 270 {d) 305
5. The major function of the backbone is to
(a) protect the spinal cord {c) hold the neck and head
(b) bend the trunk {d) support the legs
6. The strongest bone in the body is the
{a) clavicle {c) femur
(b) sternum {d) metatarsal

7. A true statement about bone is

(a) The matrix

is composed of living material.

(b} Yellow marrow is in the spongy areas of the long bones.

(c) Bone hasa

variety of living cells.

(d) The ends of long bones are made of solid bone.
8. Bone is covered by a membrane known as the

(a) peritoneum

(¢) perithecium

(b) pericardium (d) periosteum

9. Three names fo

r voluntary musele are

(a) striped, cardiac, smooth (¢) skeletal, cardiac, striated
(b) striated, skeletal, smooth (d) striated, striped, skeletal

10. A syncytium is

(a) a group of cells without plasma membrane boundaries
(b) a segment of smooth muscle that rings the trachea
(c) a group of nerve cells that stimulates muscle
(d) a single muscle fiber when stimulated by a neuron
11. A true statement about Purkinje fibers is

(a) They are found in smooth muscle.

(b} They lack contractile proteins.
(¢) They form a syncytium with skeletal muscle.
(d} They cannot conduct electrical impulses,

12. If nerves to the

heart are severed, the heart will

(a) cease functioning (c) beat regularly

(b} beat faster (d) beat erratically
13, Impulses enter nerve cells by way of the

(a) dendrites (¢) axons

(b} cytons (d) terminal branches
14, Myelin is a nerve cell covering composed of

() CaCO, (c) fat

(b) collagen (d) carbohydrate
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15. The fact that a nerve cell transmits an impulse totally or not at all is a type of
response known as

(a) “take it or leave it” (e} “make it and take it”
(b} “all or none™ (d) “all or some™
16, The width of a synapse is approximately
(a) B0 nm () 40 nm
(b) 60 nm (d) 20 nm
17. The part of the brain that is necessary for life is the
(a) cerebrum () fissure of Rolando
(b) cerebellum (d) medulla oblongata
18, The sympathetic and parasympatheti functi

(a) antagonistically to each other
(b) to reinforce the activitics of cach other
(c) without relationship to the autonomic system
(d) to counteract the control of the cerebrum
19, The hypothalamus is a part of the brain where
(a) integration of sensory information occurs
(b) integration of memory and higher thought processes oceur
(c) follicle-stimulating hormone is rel 1 into the blood:
{d) the nervous and hormonal systems interact
20. Blood in the pulmonary artery

(a) lacks oxygen (¢) contains nitrogen
(b) lacks carbon dioxide (d) contains all three gases
21. The most imp function of erythrocytes is to

{a) carry nutrients from cell to cell
(b) protect the body against disease
(c) carry oxygen to all cells
{d) remove carbon from all cells
22, The lymph nodes are glands that
{a) secrete hormones and neurohumors
(b) propel tissue fluids through the body
(¢) control the production of red blood cells
(d) filter bacteria from the tissue fluids
23. Lymphocytes are white blood cells that

(a} phagocytize bacteria (c) produce anticoagulants

(b) detoxify histamines (d) participate in immune responses
24, Breathing is controlled by the

(a) diaphragm

(b) respiratory centers in the brain
(c) level of carbon dioxide in the blood
(d) all three of the above
25. The lungs are enclosed in a set of double membranes known as the
(a) pericardium (€) pleural sac
(b) periosteum (d) peritoneum
26. In humans the organs of excretion are the
(a) kidneys, lungs, rectum
(b) large intestine, sweat glands, lungs
(c) kidneys, lungs, sweat glands
(d} sweat glands, kidneys, anus
27. The function of the urinary bladder is to
(a) store urine (e) add CO, to ammonia
(b) detoxify urea (d) filter out glucose
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28. Blood is transported to the kidney from the dorsal aorta by the

(a) renal vein (c) arterioles
(b) renal artery (d) glomerulus
29. The cup-shaped portion of the nephron is the
(a} loop of Henle (c) Bowman's capsule
(b) glomerulus (d) proximal convoluted tubule
30. The widest organ in the alimentary canal is the
(a) stomach {c) colon
(b) large intestine (d) galibladder
31. Two glands lying outside the alimentary canal but imp to digestion are
the
(a} liver and kidney (e} liver and pancreas

(b) pancreas and thoracic duct (d) liver and colon
32. The major work of digestion occurs in the

{a) stomach (c) large intestine
(b) small intestine (d) esophagus
33. Digestion begins in the
{a) stomach (€) esophagus
(b) small intestine (d) mouth
34. In the human male, sperm is stored in the mass of mbules known as
{a) sperm ducts (c) the vas deferens
(b) Cowper’s gland (d) the epididymis
35, Follicles are sites where
(a) fertilization occurs (¢) ova are produced
{b) chromosomes are halved (d) sperm receive nutrients
36. The primary germ layer that gives rise to the blood vessels is the
{a) endoderm (€) ectoderm
{b) mesoderm (d) protoderm

37. The membranous sac of water that surrounds the developing human fetus is
the
(a) amnion (c) allantois
{b) chorion (d) placenta
38. Identical twins are produced from
(a) two egps fertilized by two sperm
(b) two eggs fertilized by one sperm
(c) one egg fertilized by one sperm
(d) one egg fertilized by two sperm
39. The implanted embryo is attached to the uterus by means of the

(a) placenta {c) yolk stalk
{b) umbilical cord (d) allantois
40. The three major stocks into which modern anthropologists divide Homo
supiens are
{a) Caucasoid, Mongoloid, African
) C 1 Rugh Melaneci

(¢) Caucasoid, Hindu, Mongolian
(d) Caucasoid, Nordic, Pygmy Black

PART C. Modified True-False, If a statement is true, write “true” for your an-
swer. If a statement is incorrect, change the underlined expression to
one that will make the statement true.

1. Scientist belicve that at one time all primates lived in savannas,
2, Due to stercoscopic vision, primates can see in (wo dimensions.
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ANSWERS TO SELF-TEST CONNECTION

PART A

1.
2.
3
4.
5.
6.
7.
8.
9.
10.
1L
12.
13.
14.
15.
16.
17.
18.
19.
20.

Haoma sapiens
grasping
bipedalism
culture

heart

weight

rib cage
girdles
osteoblasts
osteoclasts
squeeze
striated or striped
neuromuscular
contractility
pacemaker
musgle
thalamus
chemical
cerebellum
autonomic

PART B

1.
2.
3.
4.
5.
6.
T
8.
9.
10.
1L
12.
13
14.

d 15.
b 16.
[ 17.
a 18.
a 19.

20.

21

25,
16.
27.

Poe TR a6
i

L)
B

PART C

1.
2.
i
4.
5.
6.
7
8.
9.
10.
11.

trees
three
human
bones
upper arm
frue
osteoclasts
voluntary
smooth
cardiac
protein

b

[-%

o oaw

TEfo 0o oo

12.
13.
14.
15.
16.
17.
18
19,
20,
1.
22,

. ducts

feedback
adrenals

. systale

. pulse

26. thoracic duct
27. nephron

28. lens

29, cones

30. Eustachian

31 morula

32, ductless or endocrine
33, parturition

M, peristalsis

35, pyloric sphincter
36. gallbladder

37. colon

38, ureters

39. optic

40, prostate

RERRE

29
30
3L
2.
3.
M,
35,
36.
.
38
39.
40.

BoA B To AT R A

neuron
myelin
afferent
true

inside
action
spinal cord
meninges
autonomic
hormones

hypothalamus
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23, anterior pituitary 32, liver
24, owtside 33, true
25, plasma 34. lacteals
26, 120 35, auditory
27. protwins 36, vitreous
28, clotting 37. hammer
29, larynx 38, fraternal
30, alveolus 39. two
3. true 40, truc

Connecting to Life/Job Skills

Many carcers in the biological sciences specialize in researching the systems of
the human body. Research biologists with Ph.D. degrees and research physi-
cians with M.D. degrees channel their life work into sorting oul and discovering
intricacies of tissues, organs, and that will imp ding of the
physiology of the body. The decade of the 1990s was known as the “decade of the
brain.” Renewed interest and effort has stimulated research workers to discover in
more detail how the brain works. Some phase of human physiology may interest
you. Why not pursue this interest by finding out more about it? Your local college
or library media center will be of help.

Chronology of Famous Names in Biology _

1637 William Harvey (England)—discovered how blood circulates in the body.

1759 Philibert Gueneau de Montbeillard (France)—made the first sys-
tematic measurements of the growth of a child.

17 John Hunter (England)—dissected the body of the Irish giant, Charles
Byrne, and discovered a much enlarged pituitary gland.

1790 Luigi Galvani (lualy)—discovered that electrical stimuli can cause
muscles to contract.

1830  Thomas Addison (England)—di ! the effect of damaged adren-
als on health: mottled skin, weight loss, anorexia, irritability.
1830 Jam Evang Purkinje (Czechoslovakia)—discovered the sweat

glands in the skin and the fiber network in cardiac muscle; demon-
strated the importance of fingerprints.

1849 Armold Adolph Gerthold (Germany }—discovered the endocrine func-
tion of testes.

1853 Thomas Curling (England)—first reported myxedema.

1855 Claude Bernard {France)}—discovered the glycogenic function of the liver.

1860 Anders Retzius (Sweden)—devised and named the cephalic index:

length to i breadth of the skull.
1885 Paul Langerhans (Germany)—discovered the islets in the pancreas.
1886  Pierre Marie (France)—di d that an ion of growth

hormone causes acromegaly.

1873 Camillo Golgi (ltaly)—devised a method of impregnating metallic
salts into nerve cells to better determine their structure. He discovered
the dendrites and axons of nerve cells,



1882

1904

1914

1915

1921
1925

1929
1930
1942

1944
1944

1948

1950

1950

1955

1958

1959

1965

1980s

1590s

1999
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Richard Owen (England)—discovered the existence of parathyroid

glands by dissecting an Indian rhinoceros.

Ernest Starling and William Bayliss (England)—devised the term

hormane.

Edward C. Kendall (United States)—isolated thyroxin from cattle

thyroid.

David Marine (United States)}—discovered the link between iodine

and goiter.

Frederick Barting and Charles Best (Canada)—isolated insulin,

David Marine (United States)—assoctated iodine deficiency with the

high incidence of goiter in Cleveland.

Edward Delsy (United States)—isolated the ovarian hormone estrone.

Karl Landsteiner (United States)—discovered human blood groups.

Charles Drew (United States)—devised a more effective method for

preserving blood for transfusions.

Herbert Evans (United States)—discovered growth hormone.

Choh Hao Li (United States)—isolated growth hormone and other

pituitary secretions.

Otto Loewi (France)—discovered the presence and actions of neuro-

humors.

Andrew F. Huxley and R, Niedegarde (England)—found that two

lines of skeleta] muscle fibers move close together when a muscle

contracts,

Gregory Pincus (United States)—developed a steroid to suppress

ovulation from the roots of a wild Mexican yam.

Alan L. Hndglu.n and And.rcw F. Huxley {England}—vmn the Nabel

Prize for showing how a d of it to the func-

tioning of a neuron. They studied the giant axons of the squid.

Hans Selye (Canada)—discovered that stress affects the endocrine

system.

Morris Goodman (United States}—prepared animal serums with an-

tibodies to measure the degrees of relationship among the various

species of primates.

Hugh E. Huxley and Jean Hanson {England)}—developed the sliding

filament theory of muscle contraction.

Candace Pert (United States)—identified the specific receptor sites

in the brain for opiates and other paln-deadenmg drugs and chemicals.

Antonio D io (United States)—stimul h in the neuro-

logical disorders of the mind and beh.nvior.

Robert Furchgott (United States)—won the Nobel Prize in Physiol-

ogy and Medicine for his discovery of the role of nitric acid as an in-
Tl ger that initiastes cellular events that help to dilate

blood vessels.

Gunter Blobel (United States)—won the Nobel prize in Physiology

and Medicine for his discovery of how proteins move across cell mem-

branes. This work has particular significance in stemming the severity

of hum.an dasordm such as eystic fibrosis and hypercholesterolemia,

an inherited disorder of dang ly high chol 1
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NUTRITION: EATING
FOR HEALTH

In this chapter you will learn why a bal d diet is v for
good health. The food we eat each day constitutes our diet.

NUTRITION AND DIET

Nutrition is the totality of methods by which an organism satisfies the energy,
fuel, and regulatory needs of its bady cells. Substances that contribute to the nu-
tritional needs of cells are called nutrients. Animals take nutrients into the body
by the ingestion of food. The term food, therefore, refers to edible materials that
supply the nutrients needed by the body.

Nutrients required in large amounts are classified as macronurienis: carbo-
hydrates, proteins, and lipids (fats). Micronutrients—vitamins and minerals—are
needed in smaller amounts. Vitamins are organic compounds; minerals are inor-
ganic. Malnutrition results from the improper intake of nutrients. This may be
due to a person’s eating too little food or to the intake of too much of one nutri-
ent and not enough of others.

Nutritionists urge the eating of a balanced dier. A balanced diet is a good
mixed diet that includes choices from the four major groups of food: the milk
group, the meat group, the vegetable and fruit group and the breads and cereals
group. Three or four servings from each of these groups each day will ensure a
nutritionally useful diet.

Macronutrients: Carbohydrates,

Proteins, Lipids

CARBOHYDRATES
Carbohydrates include all sugars and starches. You learned previously that carbo-

hydrates are built from the basic unit C;H, 0y, glucose, a monosaccharide or sin-
gle sugar. Table sugar, suerose, is a disacchide or double sugar. Different kinds
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Fig. 14.3 Animal food sources of protein

Both plant and animal food sources supply protein. Figure 14.2 shows plant
food sources of protein. Plant sources include vegetables, nuts, peas, and beans.
Figure 14.3 shows some animal food sources of protein. Meat, fish, poultry, and
eggs are common animal protein food sources. Vegetables, meat, and eggs are
needed to supply the body with essential amino acids.

In the digestive system, proteins are broken down into their “building block™
molecules, amino acids, which are then discharged into the blood. The blood-
stream carries amino acid molecules to body cells, where they are used for repair
and growth. If the body's store of carbohydrate is too low, amino acids can be
changed to glucose, fatty acids, and glycerol to be used for energy. If proteins are
used for energy, however, they will not be available to cells for the building of
tissue, Therefore, the daily diet must include carbohydrate and protein in proper
proportions, '

Twelve of the twenty essential amino acids can be manufactured by the body;
eight cannot be synthesized in the body from other amino acids and must be sup-
plied by the diet. Protein that contains all the essential amino acids is called com-
plete protein. Animal protein is complete protein; vegetable protein is incom-
plete protein.

A serious protein deficiency disease is kwashiorkor. This disease, which
threatens the lives of many children in Africa, causes misshapen heads, barrel
chests, bloated stomachs, spindly legs and arms, decreased mental ability, and
poor vision.

LIPIDS (FATS)

Lipids include fats and oils and are a major group of biological compounds. Like
carbohydrates, lipids contain the elements carbon, hydrogen, and oxygen. In

lipids, however, the ratio of hydrogen to oxygen is much greater than 2:1 and
varies from one lipid to another.
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Fats, like carbohydrates, are fuel foods, supplying the cells with energy. Cer-
tain fats are essential to the structure and function of body cells, to the building
of cell membranes, and to the synthesis of certain hormones. Fats also aid in the

port of fat-soluble vitamins. Foods rich in fats include butter, bacon, egp
yolk, cream, and certain cheeses.

Calories

The energy potential of food is measured in Calories. (The Calorie, that is, the
large calorie, is alwnys written with a capital C.) One Calorie is the quantity of
heat necessary 1o raise the temperature of I kilogram of water 1 degree Celsius,
Fats are concentrated sources of energy. One gram of fat provides nine Calories,
while one gram of protein or carbohydrate provides only four Calories, Therefore,
foods rich in fats add to the caloric content of the human diet. Some body fat is
necessary to cushion body organs and to prevent heat loss through the body's sur-
face. Excessive fat intake causes overweight.

The fiber in the human diet comes only from plant sources. Fiber is not a nutri-
ent, but it is important in the diet to stimulate the normal action of the intestines
in the climination of wastes. Fiber absorbs many times its weight in water and
aids in the formation of softer stools. It also provides bulk, which promotes reg-
ularity and more frequent elimination.

Currently, it is suggested that dietary fiber may contribute protection against
many noninfectious diseases of the large intesting, such as cancer of the colen,
hemorrhoids, appendicitis, colitis, and diverticulosis, Incidences of these diseases
seem to be much lower in countries where the diets are high in fiber. It is also be-
lieved that increased dietary fiber reduces blood cholesterol levels and helps to
prevent the formation of fatty deposits on the inner walls of the arteries.

Raw fruits and vegetables, whole cereals and bread, and fruits with seeds
(strawberries, figs, raspberries) are excellent sources of fiber.

Micronutrients: Vitamins, Minerals

VITAMINS

The study of micronutrients and their effects on the body was begun in 1906 by
Dr. Frederick Gowland Hopkins, a physiology professor at Cambridge University,
England. Dr. Hopkins did not isolate these microfactors in food, but he was able
to demonstrate serious effects of deficiency diets on white laboratory rats. These
illnesses had been noted many times over in human populations. In 1921, Casimir
Funk, a Polish scientist, attached the name vitamine to these micro food sub-
stances which, when missing, cause human illness and body disorders.

Vitamins are organic compounds. They are classified as water solible or fat
soluble. In general, the water soluble vitamins are ¥ to the
proper sequence of biochemical events that oceur during cellular respiration. It is
interesting to note that the primates (Homo sapiens included) and guinea
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MINERALS

Eating Disorders

pigs are the only Is that cannot synthesize their own vitamin C
from carbohydrates. Therefore, the daily requirements of ascorbic acid must be
met through food intake. The functions of the fat soluble vitamins are not clearly
understood.

Table 14.1 reviews the major vitamins, their functions and food sources, and
the symptoms that commonly result from a deficiency.

Minerals are inorganic compounds. Some, such as calcium and sodium, are
needed in relatively large Caleium, together with phospt is used in
building bones and teeth. Calcium is also a regulator of muscle activity, Nerve
cells could not carry impulses, nor could muscles contract, without the assistance
of sodium and potassium. Sodium also functions in the regulation of body tem-
perature, since large amounts of its salts are exereted by the sweat glands, Other
minerals are needed by the body in only small amounts. These are known as the
trace minerals. In general, the functions of trace minerals are regulatory in that
they enable the enzymes of metabolism to work.

Table 14.2 reviews the minerals, their functions and major food sources, and
the symptoms that commonly result from a deficiency.

An incredible number (literally, millions) of teenage girls put themselves on star-
vation diets to prevent weight gain or to lose weight. These girls perceive them-
selves as being fat. Obsessive dieting can lead to the eating disorder anorexia
nervosa (an-o-reck-see-a ner-voh-sah). Another eating disorder, bulimia (byou-
lee-me-a). is characterized by binge eating. Persons so afflicted stufl themselves
with vast quantities of food in a short time and then purge their bodies by vomit-
ing or taking laxatives.

Anorexia nervosa and bulimia are serious conditions, Anorexics lose muscle
mass, bone mass, hair, and teeth. Many girls stop menstruating and fail to mature
sexually. Bulimics destroy the linings of the mouth, esophagus, and stomach. Fa-
tigue and muscle cramps occur in persons with either of these disorders.

Medical [ ling, and family support are necessary to treat and,
it is hoped, to cure these eating disorders.




276 NUTRITION: EATING FOR HEALTH

TABLE 14.2 Minerals and Their Uses

Deficiency
Vitamin Necessary for Symptoms Food Sources
Magnesium Healthy bones and Weakening of Green leafy
teeth; involved in bones and teeth;  vegetables
protein boli faulty boli
Sodium Functioning of Leads to Salt
. . N ,
pump; regulates diseases and
water balance in disorders of the
cells; regulates NErvous system
nerve impulse;
maintains acid-base
balance of tissue
fluids and blood
Iron Synthesis of Anemia, Liver, red meats,
hemoglobin, difficulties in egg yolk, whole
myoglobin and cellular grain cereals
the cytochromes respiration
lodine Synthesis of Goiter, sluggish Marine fish,
thyroxin metabolism iodized salts
Fluorine Aids in resistance Breakdown of Water treatment
to tooth decay tooth enamel
Calcium Building of bones Loss of minerals  Milk and dairy
and teeth; muscle from bone; products, eggs,
contraction; anemia; nerve whole grain
nerve impulse and muscle cereals, green
issi disord leafy vegetables
permeability of
cell membrane;
activation of
ATP enzymes
F Functioning of Nerve and Beans and peas,
sodium-p i muscle disorders,  fruits, vegetabl
pump; regul irregular heartb
of nerve impulse;
muscle function;
glycogen formation;
protein synthesis
Phosphorus Building of bones Malfunctions of  Milk and dairy
and teeth; basic cell products
phosphorylation processes
of glucose;
building of ATP
maolecules;

functions in cellular
respiration; present
in nucleic acids
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4. The role of fats in the body is
(a) functional but not I () functional and |
(b) structural but not functional  (d) only structural
5. Fiber in the diet
{a) causes diverticulosis
(b) prevents infectious diseases
(e} increases blood cholesterol
(d) absorbs large amounts of water
6. The name Casimir Funk is correctly associated with
(a) the discovery of rickets (¢) finding the cause of beriberi
(b) inventing the name vitamine  (d) inventing the term rough
7. The mineral sodium plays a role in all of the following except
(a) regulation of body temy
(b) regulation of water balance
(c) ission of nerve impul
(d) synthesis of hemoglobin
8. Prolonged bleeding from a wound can result from a deficiency of

(a) vitamin A () vitamin K
(b} vitamin D (d) vitamin E
9. Vitamins belonging to the B complex group include
(a) tocopherol and niacin (c) ascorbic acid and menadione
(b) thiamin and niacin (d) calciferol and thiamin
10. Goiter is caused by a deficiency of
(a) fluorine (c) iodine
(b) zinc (d) magnesium
11. All proteins contain the ¢l carbon, hydrogen, oxygen, and
(a) copper () sulfur
(b) phosphorus (d) nitrogen
12. The number of amino acids essential to all cells is
(a) 11 (c) 33
(b)y 22 (d) 44
13. The carboxyl or acid group present in amino acids is correctly represented as
(a) CHOO (e) COOH
(b} COHO (dy COHH
14. Anorexia nervosa refers to a (an)
(a) eating disorder (€) starvation diet
(b) genetic disease (d) fiber-like protein
15, The two major classes of micronutrients arc
(a) fiber and vitamins {¢) vitamins and minerals
(b) water and minerals (d) water and vitamins

PART C. Modified True-False. If a statement is true, write “true” for your an-
swer. If a stalement is incorrect, change the underlined expression to
one that will make the statement true.

1. Kwashiorkor is a carbohydrate deficiency disease.

2. Nightblindness is caused by lack of vitamin [

3. The mineral essential to the formation of hemoglobin is zinc.

4. Guinea pigs and Homo sapiens can synthesize vitamin C.

5, Fats are the most asbundant of the arganic compounds in body cells.
6, The major fuel foods are carbohydrates and proteins.

7. Raw fruits and vegetables are excellent sources of fiber.
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8. Rickets is associated with a lack of vitamin C.
9. The mineral phosphorus is necessary for the synthesis of the hormone

thyroxin.
10. Fluoring aids in resistance to tooth decay.
11. During dehydrati hesis one or more molecules of hydrogen form.

12. Sucrose is an example of a monosaccharide.

13. Enzymes are composed of fats.

14. Lipids are composed of glycerol and amino acids.

15. The three principal elements from which lipids are composed are carbon,
nitrogen, and oxygen.

CONNECTING TO CONCEPTS

1. Why do body cells require carbohydrate foods?

2. What are the functions of proteins in the body?

3. If fats were not available to body cells, what processes or functions would be
lost?

4. Why is fiber necessary in the human diet?

5. How may an cating disorder lower the quality of an afflicted person’s life?

ANSWERS TO SELF-TEST CONNECTION

PART A

1. nutrients 9. respiration
2, fats 10, trace

3. protein 11. starches
4. Calories 12, double

S. intestine 13, polysaccharides
6. hormones 14, hydrogen
7. micronutrients 15, six

8. caleium

PART B

L.oa 6. b . d
b 7. d 2. b
3d 8 c 13. ¢

4. ¢ 9 b 14, a
5.d 10. ¢ 15. ¢
PART C

1. protein 9. iodine
LA 10. true

3. iron 11. water

4. cannot 12. disaccharide
5. Proteins 13. proteins
6. fats 14. fatty

7. true 15. hydrogen
8. D
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Connecting to Life/Job Skills

Maintaining a balanced diet each day is important to health and therefore the qual-
ity of life. In most houscholds, family members eat lunch outside the home, so the
noon meal may not be as nutritious as it should be. Plan menus for two meals a day
for a family of five for one week. Your daily menus should include foods from the
four food groups. You may wish to start walking through your local food markets to
note the kinds of fruits, vegetables, and meals that are avaﬂ.able Your two-meal-a-
day menus must include the ial ients and ient

Chronology of Famous Names in Biology _

18%0

1897

1898

1906

1919

1920

1920

1921

1912
1924

1950

1963

1964

1965

Theodore Palm (England)—wrote a treatise on the absence of bone
deformity (rickets) in poor Japanese children.

Christian Eijkman (India)}—discovered that chickens and people
kept on a dict of polished rice developed the discase beriberi.

J. Lind (England)—di d that a dict ining citrus fruits pre-
VENLS SCUrvy.

Frederick G. Hopkins (England)—applied b hods in in-
ducing and cmmg deficiency diseases in rats.

Kurt Hul (G di d that ultraviolet radiation

and the hormone calciferol can cure rickets.

E. V, McCollum and Lafayette Mendel (United States)—identified
the first vitamin and named it A,

Joseph Goldberger (United States)—discovered that pellagra is
caused by a vitamin deficiency.

Casimir Funk (Poland}—i i the name vitamine to describe a
special group of nutrients,

E. ¥. McCollum (United States)—discovered vitamin D

Harry Steenbock and A. F. Hess (United States)—discovered that ir-
radiation of milk increases the vitamin D content,

D. M. Hadjimarkos (United States)—researched the roles of mi-
cronutrients such as selenium, vanadium, and barium in the formation
of dental caries.

Marcel El Conrad (United States) pleted original h that
lucidated the patl of iron bolism in the human body.

Reginald n.w.* ley (T ia} hed carbohydrate mal-
+ . in child

led Paige (Umled S‘[atES}—publlshed a major study on lactose-
h g lactose enzyme deficiency as the ge-

netic cnusc of milk mtc]em.m:e

Jana Parizkova (Czechoslovakia)—completed research on problems
of obesity that included studies of fat deposition and metabolism.
Jeffrey Friedman (United States)—discovered that the hormone lep-
tin controls appetites in lab mice. Mice lacking leptin become obese.
Stephen O'Rahilly (England)—discovered that when the appetite
control gene fails to code for the receptor protein melanocortin-4, obe-
sity occurs in children,
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h

gh sexual i (sexually tr itted di -see Table 13.1). Mi-
croorganisms are also spread indirectly when a noninfected person handles ob-
jects that have been in contact with the infected person. Eating from the same
plate, drinking from the same glass, handling bed clothes or towels—there are
any number of means by which germs are passed. Droplet infection is another
common method of passing germs along. Disease germs are present in droplets
of water that escape from the nose and mouth when sneezing, coughing, and talk-
ing, I these infected droplets are inhaled or taken in by mouth, the germs then en-
ter the body of another person (Fig. 15.1).

A current example of a highly infectious and ever-spreading disease is -
berculosis (TB). Figure 15.2 shows Mycobacterium mberculosis, the bacterium
that caused 2.9 million deaths in 1997. The bacterium travels through the air in
droplets from infected people. Ninety-five percent of TB victims live in Third
World countries. With increased immigration to the United States and within
homeless shelters, however, there has been an alarming increase in tuberculosi
in this country. Although tut losis is usually ble with antibiotics, many
resistant strains of the bacterium have emerged.

Animals may be vectors, or carriers, of diseases. Biting insects or mammals
may carry disease germs in their salivary glands and pass them on to a human
who is bitten. Animal hair carries insects that may be disease carriers. Contami-
nated food and water spread di hroughout human populations, Finally, hu-
man carriers of disease organisms (who remain unaffected by the germs that they
carry) can spread pathogenic organisms to noncarriers.

(a) (b) (c)

Fig. 15.1 Some organisms that cause sexually transmitted diseases
(a) Trichomonas vaginalis, protozoan (b) Giardia enterica, protozoan
(c) Phthirus pubis, arthropod (body louse)

Fig. 15.2 The bacterium \
Mycobacterium tuberculosis,
causative agent of tuberculosis
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TABLE 15.1 Sexually Transmitted Diseases

Disease Causative Organism Symptams
Syphilis Treponema pallidum Body lesions, tumors,
(spirochete) dementia
Gonorrhea Neisseria gonorrhoeae Infection in genital/
(coccus) reproductive system
Venereal herpes Herpes simplex-2 (virus) Sores at infection site, pains
in joints
AIDS HIV (retrovirus) Syndrome of killer
infections
Trich iasi Trich vaginali: W | warts
{protozoan}
Crab lice Phehirus pubis External parasite in pubic
(insect) hair
Monilial Candida albicans Vaginal and penile
vaginitis (fungus) infections
Chancroid Hemeophiltus ducreyi Genital system infection
(bacterium}
Hepatitis A, B Virus Infection of liver

COMMON INFECTIOUS DISEASES AND THEIR CAUSES

Bacteria are responsible for many human discases, as outlined in Table 15.2.

TABLE 15.2 Diseases Caused by Bacteria

Diseases Caused by Discases Caused by Diseases Cansed by
Bacilli (Rods) Cocel (Spheres) Spirellae (Spirals)
Tuberculosi Py iz (some forms) Syphilis

Diphtheria Gonorrhea Asiatic cholera
Tetanus Scarlet fever Yaws

Typhoid fever Rheumatic fever Lyme disease
Bubonic plague Streptococcus sore throat

Whooping cough Meningitis (some forms)

Tuleremia Childbed fever

Leprosy

Certain rickettsia can also produce disease in humans when they enter the
body through the bites of their hosts-—mites, ticks, lice, and fleas. Rickettsia dis-
eases are often serious, characterized by high fever and rash, and often lead to
death (Table 15.3). Some protozoa and some worms can also produce disease in
humans, Most parasitic worms are ingested in contaminated food, usually en-
cysted in the muscles of cows, pigs, sheep, and snails (Table 15.4).
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A few species of yeasts and molds are pathogenic for humans. They attack
the skin, mucous membranes, and the lungs. Ringworm and athlete’s foot are two
such diseases. Although irritating and inconvenient, these diseases are not gener-
ally serious and can usually be readily treated.

Viruses—nonliving particles that come “alive” when they invade a cell—are
major discase-producers in humans, Some viruses cause discase that affects the
entire body; others cause disorders that affect a particular organ. Table 15.5 lists
some common viral diseases.

HOW PATHOGENS DAMAGE THE BODY

Once pathogenic organisms enter the body there is interaction between the body
and the germs that results in disease, The type of disease is determined by the type
of pathogen that invades the body Thc sevcnly of the disease depends onlhe abil-
ity of the body to ward off i ) and the gth or of
the infecting germ.

Pathogens may affect body tissues and functions in a number of ways. Some
pathogens produce enzymes that dissolve the materials that hold cells together,
creating pathways for germs to enter tissues. Other germs produce substances that
kill certain body cells. Pathogens frequently damage only certain cells and tis-
sues, The rickettsia of Rocky Mountain spotted fever damages the liver, as does
the Chinese liver fluke. The polio virus destroys nerve cells. The spirochete of
syphilis (Fig. 15.3) often destroys brain tissue. The typhoid bacillus attacks the
lymph tissue of the intestinal wall.

Fig. 15.3 The spirochete Trey pallidum, tive agent
of syphilis, as seen through a dark-field microscope

Some discase-producing microorganisms secrete toxing that interfere with
the metabolic activities of cells. Certain germs block vital passageways of the
body and thus prevent normal functioning; for le, the isms that cause
diphtheria seal the throat with membranes and prevent breathing. Worm parasites
frequently compete with the host for nutrients and produce malnutrition in the
host.
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NONSPECIFIC DEFENSES AGAINST DISEASE

The Immune System

When the body is ked by path i it puts up a senies of de-
fenses designed to destroy the enemy and maintain health.

Skin

The first line of defense against invasion of the body by germs is the skin. The
clean, unbroken skin is thick enough and tough enough to prevent most germs
from penetrating. As a rule, germs that land on the skin do not live long enough
10 cause trouble because the skin itself has a germicidal quality that inhibits the
growth of germs on its surface.

Other Defenses

The eyes, nose, and mouth are in effect breaks in the skin that can permit the pen-
ctration of germs into the body. Most germs entering the eye do not live long
enough to cause distress. They are dissolved by lysozyme, an enzyme in tears,
Nevertheless, some virulent germs survive and produce eye infections such as
conjunctivitis (pink eye) or tracoma. Tracoma, a virus disease, is especially dan-
gerous because it often causes blindness,

Germs numbering in the thousands emter the mouth daily with food and
drink. Few of these survive to reach the intestines. The saliva in the mouth is able
to kill many of the invaders. Those that reach the stomach face the killing action
of hydrochloric acid and the digesting power of pepsin. However, some germs
manage to survive. The germs of Asiatic cholera, thyphoid and paratyphoid fever,
and other serious intestinal diseases are able to resist these body defenses and
cause illness.

Uncountable numbers of disease germs are breathed in through the nose from
the surrounding air. However, few of these ever reach the lungs. The nasal pas-
sages present a complicated maze of filters guarded by hairs that trap many
germs. In addition, the mucous membranes lining the air passages secrete sticky
mucus, which traps disease germs, rendering them inactive. Also, sneezing expels
germs to the outside,

Germs that manage to reach the breathing tubes are for the most part trapped
in mucous secretions from the cells that compose these tubes. In addition, the
cilia of the cells that line the air tubes sweep the mucus-trapped germs back to the
throat where they are llowed and then destroyed in the h by hy-
drochloric acid and pepsin. Special “dust cells” in the air sacs of the lungs pick
up some germs and carry them out. Despite these active defenses, some germs
survive and cause respiratory diseases such as colds, influenza, and pneumonia.

The purpose of the immune system is 1o protect the body against infection. When
microorganisms {germs) infect the body, the immune system is called into action.
{ts function is to destroy the invading germs or foreign proteins.
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Fig. 16.4 HIVin a human cell

AIDS AND THE IMMUNE SYSTEM

Acquired i defici ynd (AIDS}) is a killer disease that reached
epidemic pmpcrnons in the 19305 through the mid 1990s. Newer drugs, often
used in bi and methods of have been able to prolong the lives

of some people afflicted with full-blown AIDS. Infection by the human immun-
odeficiency virus (HIV) causes the immune system to collapse, leaving the body
open to devastating infections. HIV (Fig. 15.4) attacks the T-4 lymphocytes,
which function as helper cells. When made inactive, the T-helper cells cannot

imul duction of B-cell lymphocytes. The B-cells give rise to the anti-
body-| pmducmg plasma and memnry cells. The result is that AIDS shuts down the
pzmem 's entire immune system, The infected person becomes host to a number of

i 1hnl cause d. such as Kaposi's sarcoma, pneumocystic

and yeast inf
AIDS is not a Slng]e disease but is a syndrome of symptoms caused by the
various invading microorgani that take ad ge of an system that

cannot hmclinn (.hap:cr 16 presents a discussion of the way in which the HIV
retrovirus works.

PROTECTION AGAINST DISEASE
Immunization

Immunity is the ability to resist the attack of a particular disease-producing or-
ganism. Immunity to one kind of disease germ does not automatically make a per-
son immune to other types of disease germs. Active immunity is brought about
by antibody production by a person’s own body cells. Active immunity can be
stimulated in either of two ways: by getting the disease and recovering from it or
by being immunized against the disease. Immunization that produces active im-
munily involves the injection of weakened disease agents that stimulate antibody
but produce only mild T or none at all. Active immunity is
Inngllastmg hec:luse the body cells continue to produce the antibodies.

An of gamma globulins can give a person temporary immunity
against certain specific diseases. This means that a person has borrowed antibod-
ies in the blood and not those made by his (her) own cells. This kind of immunity
is called passive immunity. It lasts only as long as the antibodies last; when they
are used up, the immunity ceases.

Smallpox is a disease that has been almost entirely eradicated from even re-
mote corners of Earth. The fight against this disease began in the 18th century
when Edward Jenner vaccinated people with cowpox. Vaccination with cowpox
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Noninfectious Diseases

The noninfectious di are not ¢ icable because they are not caused by
infectious organisms. These diseases have various causes other than germs. Table
15.6 provides a listing of some of the noncommunicable diseases.

Not all of the diseases listed in the table will be discussed in this chapter. Dis-
ecases resulting from endocrine insufficiency or oversecretion were summarized in
Chapter 13, and some disorders that result from putritional deficiency were sum-
marized in Chapter 14,

TABLE 15.6 Some Noninfectious Diseases

Disease Type Malfunction

Cardiovascular disease Heart and blood vessels

Allergy Hypersensitivity to certain
substances

Genetic Inborn defects

Emotional including drug-related Psychological problems and mental

psychoses stress

Occupational Physical problems caused by work
conditions

Poisoning lllness caused by tissue toxins

Nutritional Nutrient deficiencies in diet

Hormonal Imbal in endocrine

Cancer Wild reproduction of cells

CARDIOVASCULAR DISEASES

Problems of the heart and blood vessels are known as cardiovascular diseases.
Because discases of the heart and the circulatory system are leading causes of
death in the United States, a great deal of research effort has been put forth for
many years to determine the causes of heart defects and to find ways to prevent
and/or cure these disorders. Heart defects trouble people of all ages.

Many infants are born with congenital heart defects. Sometimes the heart
defect is a hole in the heart wall which divides the left and right ventricles. In
some cases, the large aneries leaving the heart are in the wrong place. It also hap-
pens that a blood vessel that should have closed at birth failed to do so. Today
many of these defects in children’s hearts are corrected through procedures of
open heart surgery. During the operation, the blood is sent through a machine
that serves as a mechanical heart and lungs. Afier the real heart is repaired, the
blood is returned to its normal pathways through the body.

In young and old alike, defective heart valves may cause trouble, Valves that
are beyond self-repair are replaced by plastic ones.

Many things may go wrong with the adult heart. Sometimes the Purkinje fibers
in the heart Jose their ability to contract rhythmically and thus the pacemaking abil-
ity of the heart is impaired. This defect is treated by implanting in the patient’s chest
an artificial pacemaker, which makes possible appropriate heart stimulation.
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OCCUPATIONAL DISEASES

CANCER

The jobs of many people put them in contact with substances that present hazards
to health. Fumes, dust, gases, vapors, fibers, and chemicals may have de

effects on the health of a Jarge number of people. Not too long ago it was dis-
covered that asbestos causes lung cancer in those who have regular exposure to
its fibers, Similarly, people who inhale the fibers of cotton or sugar cane may de-
velop debilitating lung conditions and breathing problems. Sificosis is a type of
lung discase occurnns in miners and sand’alasm who are in constant contact
with rock dust. fsisap fl ion of the lungs that results
from breathing in fine fibers ofasbcslos, The disease occurs in workers in the
construction trades and in miners.

Some occupations put workers in contact with poisons. Painters used to be
subjected to lead poisoning from lead-base paints. ('Today most household paints
are made without lead.) Lead is toxic to the body, settles in the brain and damagts
brain tissue. It is not unusual for farmers and extermi tok
by pesticides which they may absorb into the body by contact or by Imalhmg, Re-
cently, the pesticide Chlordane was shown to have adverse effects on the health
of persons whose homes were contaminated by misuse of the product.

People in Ihe medical professions are subject to occupational hazards. The

duced by X-ray machines can cause a wide variety of unfa-
vorable condmcns.
Abnormal Cell Growth in Cancer
Cancer is not a single disease. It is a whole {ation of difTerent di that

share a common characteristic. In every form of cancer there is an abnormal, un-
controlled growth of body cells, The cells that grow so wildly are not foreign cells
that have invaded the body, but regular body cells that somehow have gone wrong
(Fig. 15.6). They grow in a disorganized fashion and compete with normal cells
for space and nutrition.

These wildly growing cells form a mali, mass called a neoplasm or a
cancer. The malignant mass sends out fingers of cancerous cells that burrow into

Fig. 15.6 Cancer cell undergoing abnormal mitotic division
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the normal tissues around it. As the invasion progresses, the normal tissue is grad-

ually destroyed.
In Ihc beginning cancer is localized in a particular part of the body. As time
passes, fi of mali tissue away from the original malignant

mass, They are carried off in the blood and lymph, reaching many new sites in the
body, Wherever they remain, a new colony is established and grows like the orig-
inal mass. This process in which cancer spreads is called metastasis.

All cancerous cells do not grow at the same rate. Some types of cancer grow
quickly; others grow slowly. All cancer ultimately destroys normal tissue and kills
the host. Every living cell has the potential to turn cancerous. Every variety of
vertebrate animal is subject to the discase. So are humans of every race, nation,
or habitat. Cancer cannot be blamed on modern living. Cancers have been found
in Egyptian mummies and in fossils of ancient dinosaurs,

Possible Causes of Cancer

Many causes of cancer have been suggested. Some of these suggestions are more
than guesses or hunches, having been based un statistical studies of the mt:ldl:nucs
of disease. A case in point is cig; g. Rather I h work
has shown a very definite link t king and lung cancer (heart disease,
too}. Smokers also show a high incidence of cancer of the lips, mouth, and throat.

Research has also indicated that some forms of cancer seem to run in fami-
lies. For example, the daughters and sisters of women with breast cancer, and the
children of parents with rectal cancer, should be informed of their increased risk.
There seem to be familial patterns of occurrence in these diseases. Genes that
cause cancer, 2 have been isolated.

There is strong evidence that many types of chemicals are carcinogens, or
cancer producers. Contact over a period of time with certain defoliants, insecti-
cides, and “buried” chemical wastes scems to have caused cancers of multiple va-
rieties in large segments of the population. It is known that radium workers tend
10 get bone cancer. Workers in factories that produce aniline dyes often get can-
cer of the bladder.

Homo sapiens are constantly bombarded by various kinds of radiation: ultra-
violet rays, X rays, gamma rays, cosmic rays, radioactive fallout, and the like. Any

form of radiation, natural or h de, can produce leuk bone cancer,
skin cancer, or other types of cancer, such as lung, breast, and thyroid cancers.
The effects of the atomic bomb explosions on Hiroshima and N ki in Japan

leave no doubt that a single exposure to a high dose of radiation can produce
leukemia.

There is some indication that certain forms of cancer may be communicable,
transmitted from one person to another by way of a virus. For example, cancer of
the cervix may be initiated by infection with herpes virus. These virus particles
are found commonly in cancerous cervix cells. It is also known that the second
wife of a man whose first wife died from cancer of the cervix sometimes devel-
ops cancer of the cervix also. Tlle spread of Kapml‘.% sarcoma (a rare ﬁmn of can-
cer associated with AIDS) i viral The P
has revealed that some leukemia cells contain virus particles.

The best protection aga.mst any type of d:wasc is to avoid contact with

h

agents or T
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Connecting Through Chapter Review

WORD-STUDY CONNECTION

active i i hi i oncogene
acration HIV passive immunity
AlIDS hypertension pasteurization
allergy immune syslem phagocyte
antibody immunization plasma cells
antigen index of fecal regulatory T-cell
asthma mati i
anti-histamine infections settling
carcinogen lymph sexually transmitted
cardiovascular lymphocyte disease

diseases macrophage tracoma
contagious mast cells tubercle
corenary artery memory cells vaceine

disease metastasis virulence
cytotoxic T-cell neoplasm vitus
droplet infection neutrophil

SELF-TEST CONNECTION
PART A. Completion. Write in the word that correctly completes each
statement.

1. Diseases that are caused by viruses, bacteria or other pathogens are known
collectively as ..1.. diseases.

2, A disease that is spread from one person to another is said to be 2.

3. Rocky Mountain spotted fever is caused by an organism called a .3..

4. Polio is caused by ..4.. infection.

5. Most parasitic worms enter the body by way of contaminated ..5..

6. The disease-producing ability of a patk is d up by the term ..6..
7. Tracoma is a disease of the eye caused by a ..7..
8. Phagocytosis is best iated with ..8.. blood cells.

9. Fluid that bathes the body spaces is called ..9..
10. Immune blood proteins are the ..10., globulins,
11. The ability to resist disease is known as .1 1.
12. Cholera is spread through unclean ..12..
13, Milk is ..13.. to prevent the spread of wberculosis and Q fever.
14, The work of the Purkinje fibers can be taken over by an artificial ..14..
15. During allergic attacks, cells release chemicals known as .. 15.,
16. Lymphoid tissues in the head region include the tonsils and the _.16..
17, The fluid of the immune system is known as ..17..
18. Foreign proteins that cause an immune system to react are known as ..18..
19, The purpose of the immune system is to protect the body against ..19..
20. Lymphatic tissue known as Pever’s patches is located in the .20..
21. The HIV agent is best described as a (an) ..21..
22, The bacterium that causes tuberculosis belongs to the genus .22..
23, When drinking water b inated with sewage, large numbers of
the bacteria named ..23.. appear in the water.
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24, The common name for Phthirus pubis is the ..24..
25, Syphilis is a ..25.. transmitted disease,

PART B, Multiple Choice. Circle the letter of the item that correctly completes

each statement,
1. The pathogens that are not mi pic in size are
(m)} virus particles {c) worms
(b) bacteria {d) mycoplasmas
2. Transmission of germs by direct contact may be accomplished by
{a) droplet infection {c) handling clothing
{b) handshake {d) sneezing
3. An example of a disease caused by a bacillus is
{a) meningitis (¢) syphilis
(b) yaws {d) tetanus
4. Viruses reproduce
{a) in living cells {€) in quiet waters
{b) on dead organic matter (d) in blood plasma
5. Ringworm is a disease of the skin that is caused by infection with a
(a) protozoan {e) hookworm
(b) fungus (d) bacterium
6. When germs break through the skin, certain chemicals are released from
body cells that
(a) kill the germs immediately {e) cause the capillaries to expand
(b) seal up the wound (d) prevent pain and wendemess
7. Microorganisms that are enclosed in capsules are usually
(a) phagocytic (c) harmless
() anaerobic (d) pathogenic
8. By the time lymph leaves the lyvmph vessels and is returned to the blood, the
Iymph is
(a) absolutely sterile {€) almost frec of bacteria
(b) able to destroy bacteria (d) crowded with bacteria

9. An injection of gamma globulins can give a person the type of immunity best
described as

(a) partial (€) lasting
(b) temporary (d) active
10. The purpose of the aeration of water is to
(a) remove debris (c) prevent tooth decay
(b) improve the color (d) kill anacrobes
11. Allergy is caused by sensitizing
(a) lymphocytes (€) leucocytes
(b) antibodies (d) antitoxins
12. A malignant mass of cells is known as a (an)
(a) metastasis (c) ectoplasm
(b} protoplasm (d) neoplasm
13, Carcinogens are
(a) virulent pathogens {¢) vontact poisons
(b} immune proteins (d) cancer producers
14, A disease vector
(a) carries the disease (c) cures the discase
(b} causes the disease (d) controls the disease
15. The phagocytic activities of white blood cells were discovered by
(a) Jenner (c) Salk

(b) Metchnikoff (d) Sabin
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16. Human body cells that ingest dead bacteria are the

(a) pathogens (c) bacteriophages
{b) phagocytes (d) antigens
17. Huge, amoeboid cells that engulf microorganisms that invade the body are
the
(a) eosinophils (€) erythrocytes
(b) stem cells (d) macrophages
18. B-cells and T-cells are best classified as
(a) lymphocytes (€) neutrophils
(b) scavenger cells (d) macrophages
19. The h 1i P prod
(a) auxins {c) antibodies
(b) antigens (d) aulosomes
20. Lymphocytes are produced by
(a) T-cells {c) plasma cells
(b) stem cells (d} neutrophils
21. The organism Treponema pallidum is associated with the disease
(a) asthma (e} syphilis
(b) scabies (d) hepatitis
22, IgE amibodies bind to the immune cells known as
{a) T-cells (€} platelets
{b) mast cells (d) scavenger cells
23. Recent evidence indicates that asthma has a connection to a
(a) gene () mite
{b) vacuole (d) mosquito
24, Hi ines are closely iated with responses known as
(a) infectious {€) oceupational
(b} allergic {(d) pathogenic
25, Cancer cells are markedly abnormal in that they

(a) are generally infectious

{b) are smaller than normal cells
{c) are carried by ticks

(d) reproduce wildly

PART C. Modified True-False. If a statement is true, write “true”™ for your an-
swer. IF a statement is incorrect, change the underlined expression to
one that will make the statement true.

1. Malnutrition is an example of  contagious disease.

2. Human carriers arg affected by the germs they carry.

3. Leprosy is a discase that is caused by a coceus.

4. Rickettsiae are mi isms that live in the bodies of protozoa.
5. Smallpox is a bacterial disease that affects the whole body.

6. Hepatitis is an infection of the liver.

7. The ability of the body 1o ward off infection by disease organisms is known

as virulence.

8. The virus of polio destroys lung tissue,

9. Lysozyme is o hormone present in tears.
10. Phagocytic white cells egest bacteria.
11, A bail is the result of a spreading infection.
12. Macrophages are very small white blood cells.
13. The name Edward Jenner is best associated with the disease polio.
14. Cowpox provides passive immunity. -
15. Methods of food preservation include salting, freezing, and drying.
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PART C

1. noninfectious 14. active

2. are not 15. true

3. bacillus 16. spirochete
4. ticks, mites, lice, fleas 17. plasma cells
5. virus 18. memory cells
6. truc 19. immune

7. resistance 20, antigens

8. nerve or muscle 21. protozoan
9, an enzyme 22, infectious
10. engulf or ingest 23, trigger

11. local (contained) 24, antibody
12, large 25, immune
13, smalipox

Connecting to Life/Job Skills

Rescarch work in biology is on-going and embraces innumerable areas of spe-

ialization. It is esti d that, beginning with the year 2000 and for each of the
next 10 years, 11,200 graduates in the biological sciences will be needed to fill
all of the available positions. If vou are in high school and are considering a ca-
reer in science, you should take a year of biology, a year of chemistry, a vear of
physics, several math courses, and an advanced placement science course in bi-
ology, chemistry, or physics. In addition, you must prepare yourself for higher
level leamning by developing your skills in reading, writing, and spelling. Fur-
thermore, it is essential that you become skilled in the use of the computer. Most
careers in science require advanced degrees.

Chronology of Famous Names in Biology _

460 B.c. Hippocrates (Greece)—called the “father of medicine” because
he was the first of the ancients to attempt scientific explanations of

disease.
1527 Jacques de Bothencourt (France)—gave the name venereal to dis-
cases itted by sexual i (This name has now been re-

placed by sexwally transmitted diseases.)

1530 Girolamo Fracastoro (ltaly)-—gave the name syphilis to the hereto-
fore unnamed sexually transmitted discase.

1796 Edward Jenner (England)-—di d that vaccination with cowpox
renders immunity against smallpox.

1854 Louls Pasteur (France)—proved that microorganisms caused fermen-
tation. In 1885 he developed the treatment for rabies.

1860 Philippe Ricord (United States)—determined that gonorrhea and
syphilis are two separate diseases.
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1989

1989

1997

1999

Samuel Broder (United States)—played a key role in developing
AZT as the first effective treatment for AIDS.
Willlam Cookson (England)—was the first to identify a gene that

in the i P to asthma.
Stanley Prusiner (United Slalcs]—wn the Nobel Prize in I‘hysm]-
ogy and Medicine for the d y of prions, infecti

Ian Lipkin (United States) and mlleagues——ldenufed the total
genome of the West Nile virus that caused the encephalitis outbreak in
New York, (His colleagues are Xi-Yu Jie, Thomas Brieze, Ingo Jordan,
Andrew Rambadt, Hen Chang Chi, John S. Mackenzie, Roy A. Hall,
and Jacqui Scharret.)
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SOME GENETIC SHORTHAND

A combination of the theories of Mendel and Morgan led to the development of
o system of genetic “shorthand.” which is used to represent the genetic makeup of
a trait and to show rather simply what happens when organisms with specific
traits are crossed. In this shorthand capital letters are used to indicate dominant
genes, lowercase letters for recessive genes. A Punnet square is a diagrammatic
device used to predict the genotypic and phenotypic ratios that will result when
certain gametes fuse. Remember that as a result of meiosis each gamete has only
onc half the number of chromosomes that are in the somatic cells.

Problem: In fruit flies, long wing (L) is dominant over vestigial wing (/).
‘What is the result of a cross between two flies that are heterozygous (L) for

wing length?
Solution:
Parents: Male X Female
i L
Gametes: @ @ @ @
Punnett square L {
L LL | L
! 12 i
Fy LL =1 homozygous dominant long-winged fly
LI =2 heterozygous dominant long-winged flies
no=1t gou ive short-winged fly
INTERMEDIATE INHERITANCE

Geneticists have discovered that in many cases a trait is not controlled by a single
gene, but rather by the cooperative action of two or more genes. There are many
instances in which Mendel's “law of dominance” does not hold true. A case in
point is what was once called blending inheritance, or incomplete dominance.
It is now known as codomi When red-fl | ing pri are
crossed with white-flowered primroses, the hybrids are pink. Neither red nor
white color is dominant and therefore the result is a blend. [n sweet peas, the ex-
pression of red or white flowers is dependent upon two genes: a C gene for color
and an R gene for enzyme. If C and R are inhenited together, the flower color is
red. If the dominant € is missing, the flower is white; if the dominant R is miss-
ing, the flower is also white. Therefore white flowers are the result of several dif-
ferent genotypes: corr, ccRR, CCrr, Cerr.

CROSSING OVER

Genes are linked on cb and are i 1 in a group on a particular
chromosome, However, linkage groups are broken by crossing over, a phenome-
non that may oecur during meiosis when homologous chromosomes are inter-
twined during synapsis. It is at this time that chromosomes may exchange ho-
mologous parts and thus assort linkage groups.
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MUTATIONS

It was stated before that genes can change and that changes in genes are known
as mutations. As a rule, mutations are usually recessive and they are usually
harmful. Mutations usually occur at random and spontancously. However, muta-
tions may be induced by radiation or by chemical inati

There are several types of mutations. A loss of a piece of a chromosome is
known as a deletion. The genes on the broken off piece of chromosome are lost.
Sometimes a broken piece of chromosome sticks on to another chromosome, thus
adding too many genes; this type of mutation is known as duplication. Some-
times a piece of chromosome becomes rearranged in the chromosome where it
belongs, thus changing the sequence of the genes on that chromosome; this is
known as an inversion, and it prevents gene-for-gene matching when chromo-
somes line up during meiosis. Peint muations are changes in individual genes.

Polyploidy is o condition in which cells develop extra sets of chromosomes:
3N, 4N, These extra sets of chromosomes change the characteristics of organisms.
Usually polyploidy occurs in plants. Breeders may treat special plants with a
chemical such as colchicine, which prevents the division of the cell afier the nu-
¢lews has divided. Polyploid fruits and flowers are quite large.

SEX DETERMINATION

Among the discoveries made by Morgan while working with fruit flies was the
existence of paired sex chromosomes. In males the two chromosomes of the pair
are different in size and shape. One of these chromosomes is large and rod-like.
The other chromosome is small and hook-shaped. The larger, rod-shaped chro-
mosome is called the X chromosome: the smaller, hook-shaped one, the Y chro-
mosome. Sex chromosomes determine the sex, not only of fruit flies, but also of
all animal specics (Fig. 16.2). In human beings, there are 22 pairs of antosomes,
chromosomes that affect all ek istics except sex determination. One pair of
chromosomes determines the sex of an individual (Table 16.1). In females, the
sex chromosomes are designated as XA In males, the sex chromosomes are XY,

J\ I\
oot AV "

the shapes of the sex X X Xy
chromosomes. Female Male

Fig. 16.2 Chromo-
somes in the female

Table 16.1 Sex Determination

From mother (egg) From father (sperm) Offspring (ygote)

X ch Xt XX = female
X ch Y chrc XY = male
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Flg. 16.3
Nuclectides are
the units on
which DNA
molecules are
built

called a nucleotide. A nucleotide is composed of a phosphate group, a five-
carbon sugar, and a protein base, If the five-carbon sugar is ribose, the nucleic
acid is ribonucleic acid (RNA). If the five-carbon sugar is deoxyribose, then the
nucleic acid is deaxyribose nucleic acid (DNA). Figure 16.3 is a diagrammatic
of a nucleotide.

AN

DNA

Fig. 16.4
DNA: double
helix

The protein bases in nucleic acids are ring compounds. Those bases with sin-
gle rings are pyrimidines. Bases with double rings are purines. The pyrimidines
in nucleic acid are thymine, eytosine, and uracil. The purines are adenine and gua-
nine. The four bases that make up the DNA molecule are adenine (A), guanine
(G), thymine (T), and cytosine (C). The four bases that make up the RNA mole-
cule are adenine (A), guanine (G), cytosine (C), and uracil (U).

In the early 1950s, James Watson, an American, and Francis Crick, an En-
glish investigator, unraveled the structure of DNA. The Watson-Crick model of
DNA, as it has come to be known, indicates that the DNA molecule is shaped like
a double helix. It consists of two long chains of nucleotides turned around each
other in the shape of a double spiral. Figure 16 4 shows the DNA molecule as a
double helix, Notice that this diag a stepladder that has curved
sides and straight rungs. The sides of the DNA molecule consist of alternate phos-
phate-sugar groups, The rungs of the “ladder” consist of protein bases joined by
weak hydrogen bonds. It is known that adenine and thymine link together while
guanine and cytosine link together.

The RNA molecule is usually single stranded and much smaller than DNA.
RNA is synlhes:?:d in the nucleus and functions in the cytoplasm where it con-
trols the I of proteins by the

HOW DNA FUNCTIONS

Deoxyribonucleic acid is able to function as genetic material because it has un-
usual characteristics. It is stable, can make more of itself, and can control the pro-
duction of enzymes. DNA is stable as demonstrated by its ability to pass heredi-
tary traits from one generation to another unchanged. However, DNA does
change occasionally. Such changes are responsible for mutations.

DNA Replication

DNA can make more of itself in a process called replication. Replication refers
to a duplication of molecules. Prior to the onset of cell division (mitosis and meio-
sis) DNA molecules replicate ina w‘ay that is at the same time both simple and pre-
cise. The doubl, ded helix ds, forming a structure that resembles a
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of the table there is a set of three bases labeled “stop.” These bases control the ter-
mination of transcription.

Table 16.3 Genetic Codes for Twenty Amino Acids

Amino Acid Code

Alanine GCU, GCC, GCA, GCG

Arginine CGC, CGU, CGA, CGG, AGA, AGG
Asparagine AAU, AAC

Aspartic acid GAU, GAC

Cysieine UGU, UGC

Glutamic acid GAA, GAG

Glutamine CAA, CAG

Glycine GGU, GGC, GGA, GGG

Histidine CAU, CAC

Isolcucine AU, AUC, AUA

Leucine UUA, UUG, CUU, CUC, CUA, CUG
Lysine AAA AAG

Methionine AUG

Phenylalanine Uuu, uuc

Proline CCU, CCC, CCA, CCG

Serine UCU, UCC, UCA, UCG, AGU, AGC
Threonine ACU, ACC, ACA, ACG

Tryptophan UGG

Tyrosine UAU, UAC

Valine GUU, GUC, GUA, GUG

stop UAA, UAG, UGA

Forms of RNA

There are three kinds of RNA, You just read that messenger RNA, or mRNA, is
assembled from a strand of DNA. Tts function is to carry the genetic code for a
particular protein.

The second type of RNA, transfer RNA or tRNA, is also formed by DNA,
The tRNA molecule is so shaped that it will pick up only one specific kind of
amino acid. Figure 16,7 provides a diagrammatic representation of 1RNA. The
molecule is shaped like a clover leaf, with a short end (5') and a long end (3°).
Amino acids are accepled at the 3' end. At the side opposite from the molecule’s
ends, there is a region labeled anticodon. The anticodon is the site where t(RNA
attaches to the mRNA codon. A codon is a triplet that specifies an amino acid
base. Since there arc 20 diff amino acid molecules, there are 20 different
forms of IRNA molecules, one for each amino acid. The function of tRNA is o
bring a particular amino acid to a place specified by mRNA.

The third type of RNA, ribosomal RNA or rRNA, is assembled by DNA in
the mucleolus, a small, rounded structure within the nucleus. Ribosomal protein is
synthesized in the cytoplasm and then moves into the nucleolus. In the nucleolus,
two subunits of tRNA join with the ribosomal protein to form a ribosome. The
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Fig. 16.7 Diagrammatic representation of a tANA molecule. The
3’ end accepts a particular amino acid. The anticodon joins with the
mRNA codon for which it is specified.

subunits of rRNA differ in size: one is larger than the other. After formation, the

ribosomes move out of the nucleolus into the cytopl The synthesis of each of
the three kinds of RNA takes pls.ce in the nucleus of the cell. You can see that the
nucleus is the site of biochemi y for the life of this cell and

for the lives of cells in multicellular organisms,

The mRNA, carrying the polypeptide code, now moves from the nucleus to
the cytoplasm. The mRNA attaches itself to several ribosomes, each having its
own ribosomal RNA. Specific tRNA molecules bring to the ribosomes their own
kinds of activated amino acids. Transfer RNA molecules that fit the active sites
of mRNAs on the ribosomes temporarily attach to them. As a result, amino acids
are lined up in the proper sequence.

Translation: Assembly of a Polypeptide

A graphic rep ion of a tRNA molecule is given in Figure 16.8, which is a
“close-up™ view of this type of molecule. Note that the site on the 3" end picks up
and carries a specified amino acid. Note also the anticodon, which is specific for
an mRNA codon. Figure 169 is a schematic drawing showing how mRNA and
tRNA fit into a ribosome during the making of a polypeptide. Messenger RNA
brings the genetic code for a polypeptide to the ribosome. Transfer RNA reads the
code. The ribosome puts it all together,
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One Gene—One Polypeptide Hypothesis

In 1941 Beadle and Tatum used the red bread mold Newraspora crassa to find out
how genes influence the synthesis of enzymes. As a result of their work the “one
gene—one enzyme” hypothesis was formed. This hypothesis suggests that the syn-
thesis of each enzyme in a cell is controlled by the action of a single gene. At pres-
ent, it is known that a single enzyme may be composed of several polypeptides, The
synthesis of each polypeptide is governed by a different gene, Hence, the new hy-
pothesis, “one gene-~one polypeptide,” is considered to be more accurate.

POPULATION GENETICS

A pop includes all bers of a species that live in a given location.
Modern geneticists are concerned about the factors in populations that affect gene
frequencies. All of the genes that can be inherited (heritable genes) in a popula-
tion are known col!cﬂncly as the gene poal. The Hardy-Weinberg principle
uses an algel to pute the gene frequencies in human popula-
tions. The conditions set by the Hardy-Weinberg principle for determining the sta-
bility of a gene pool are as follows: large populations, random mating, no migra-

tion, and no mutation.

Some New Directions in Genetics
GENETIC ENGINEERING

Through the biotechnology of genetic engineering, scientists have found it pos-
sible to transfer genetic information from one organism to another. In a series of
technical steps known as gene splicing, geneticists are able to remove a specific
gene from the cells of a human and splice it within the circular DNA strand from
a bacterium,

In a process called transduction, this spliced strand of DNA can be intro-
duced into a bacterial cell, using a virus as a carrier. The bacterium will then re-
produce clones, organisms bearing identical genes, The spliced ring of DNA is now
recombinant DNA, bearing a human gene and bacterial genes, Then if, for exam-
ple, the human gene carries the genetic code for insulin, the bacterial clones bear-
ing this gene will synthesize insulin, the hormonc that regulates sugar metabolism.

Genetic engincering has lished a great deal. The techniques of ge-
netic engineering, which include gmc splicing and transduction, have made pos-
sible medicinal drugs for treating human ailments. Interferons are proteins that
prevent the Itphcalmn uI'RNA viruses. After certain cells have been infected by
viruses, they prod . These i ins are then used medically
1o prevent and treat certain diseases. Interferons are produced abundantly and in-
expensively by means of recombinant DNA.

The technology of producing recombi DNA has proved very useful in
the:

(1) production of insulin, using bacterial cells;

(2) production of interferons;
{3) production of human growth hormone;
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CLONING

(4) production of enzymes for the cheese industry;

(5) development of processes for safer and more efficient cleanup of organic
wastes g ted in the food-| ing industries;

(6) treatment of hepatitis.

A clone is a population of cells, or whole i that has d fed from an
original parent cell, stimulated to reproduce by asexual means. Therefore, the
clone is genetically identical to the original cell. Over the past four decades, fis-
sue culture experiments have been carried out with plants in which single, non-
embryonic cells have been induced to lop along a pathway of a fertilized egg.
The results with such species as carrot, African violet, Boston fern, and Cape Cod
sundew indicate that a whole plant can be propagated from a single nonrepro-
ductive cell.

During the 1990s, the techniques used in cloning experiments became more
advanced. There are indications that frogs, mice, and rats were cloned in research
laboratories. In 1997 Ian Wilmut, a research scientist working for PPL Therapeu-
tics in Scotland, and his h team pl i the nucleus from a mammary
cell of a sheep into an unfertilized egg cell of another sheep, The experimental
cgg cell was then implanted in the uterus of a host sheep, where it underwent
cleavage and gestation. A female sheep genetically identical to the mother, that is,
a clone, was produced and affectionately named Dolly. In the year 2000, cloning
technology took another step forward. Five identical piglets were produced
through cloning (Fig. 16.10). It may be possible one day to clone pigs that could
provide organs for human transplants.

Fig. 16.10 Five cloned piglets with identical genes
Used with permission of AFP.

GENE THERAPY

Research geneticists are trying to cure genetic diseases by means of gene ther-
apy. In theory, for any disease caused by a single defective gene, there should be
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PLANT AND ANIMAL GENETICS

Plant and animal breeders throughout history have engaged in practices to im-
prove their crops and their domesticated animals, Using the method of selection,
they mated organisms based on observed cl istics that were desirable to the
breeder. But selection has its limits. Species cannot be improved beyond their ge-
netic capabilities. Now, species improvements are made through hybridization, in
which varieties of organisms are crossed (mated) in the hope that the favorable
charactenistics of each will show up in the offspring. For example, a cross be-
tween Texas longhorned cattle and the Indian Brahman bull has resulted in hy-
brids that are resistant to infections and produce good-qualny mml Many vari-
eties of hybrid sweet corn have been produced by g and full
planned genetic crosses between strains having desired characteristics. These new
strains of com have improved texture, delicious taste, and resistance to certain
fungus diseases that infect corn plants.

HUMAN GENETICS
On page 307 you read about three sex-linked disorders—color blindness, hemo-
philia, and muscular dystrophy—that oceur in | Table 16.4 izes

three other human genetic discases. Figure 16.11 shows a genotypic pedigree of
Queen Victoria's descendants in regard to the sex-linked disease hemophilia. No-
tice how the gene for this disease passed from female carriers to sons.

ln 1956 the \wnk of Joe Hin Tjio nnd Albert Levan provided a method of

human They developed the technique of pro-

ducing a karyvorype, which isay h of hed ch pairs. Shortly
after this work was done, gl‘:nr:ticists were able to point to the cause of Down syn-
drome, a condition of mental retardation and physical handicap caused by a
tripling of chromosome number 21,

TABLE 164 Some Human Genetic Disorders
Disarder Description

Phenylketonuria  Results from the inability of o gene to synthesize a single
enzyme needed for the normal metabolism of the amino
acid phenylalanine. Phenyl} ia renders a child
mentally retarded. Testing the urine of newbormns allows for
corrective dietary treatment to prevent the disease.

Sickle-Cell Results from the inheritance of two mutant genes for

Anemia abnormal hemoglobin, which causes the sickling of red
blood cells. The afflicted person experiences severe pain
caused by obstructed blood vessels and anemia caused by
the decreased hemoglobin content of the sickle-shaped cells.

Tay-Sachs Results from the inheritance of two recessive genes that

Disease cause a malfunctioning of the nervous system whereby
nerve cells are destroyed. The deterioration in nerve tissue
is caused by the accumulation of fatty material due to
inability to hesize a specific The disord
greatly shortens the life span; it is rare for aficted
children to live beyond the age of 6 years.
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Fig. 16.11 A genotypic pedigree of Queen Victoria's descendants, showing the
inharitance of hemophilia
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The study of human disease caused by genetic disorders has resulted in some
remarkable findings. For example: a large number of human disorders {club foot,
cleft lip and palate, spina bifida, and water on the brain—to name a few) are
caused by the interaction of several genes. One mutated gene can cause a series
of biochemical defects that are then lated into human ak lities. The pro-
cedure of amniocentesis, in which a small amount of amniotic Mluid is removed
from a pregnant woman, is used to study cells of the embryo. In this way certain
chromosomal defects can be determined before birth.

Connecting Through Chapter Review
WORD-STUDY CONNECTION

adenine gene splicing purine
alleles gene therapy pyrimidine
amniocentesis genetic code recessive
anticodon genotype recombinant DNA
auosome guaning replication
clone Hardy-Weinberg principle Tetrovirus
codominance hybrid RNA
codon interferon sex-linked
crossing over intermediate inheritance thymine
cytosine karyotype transduction
deletion mutation translation
dominant nucleotide translocation
DNA pedigree transcription
duplication phenotype triplet code
gene point mutation uracil
gene pool polyploidy

SELF-TEST CONNECTION
PART A. Completion. Write in the word that correctly completes each

statement.

1. The first organized study of heredity was made by ..1..
2, Characteristics that can be observed are called .2
3. Genes on the same chromosome are said to be 3.,
4. Short wing in fruit flies is known as 4., wing.
5. Linkage groups are broken by ..5..
6. The chemical ..6.. induces polyploidy.
7. Two or more genes that have the same positions on homologous chromo-
somes are said to be ..7..
8. Pyrimidines are nucleic acids with ... rings.
9, The complete name for DNA is 9.
10. M zer RNA is hesized in the ..10..
11. DNA that has been changed by adding o gene from another species is known
as .. 11.. DNA.
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12. Organisms arising from the same parent cell and bearing identical genes are
called ..12..

13. Bacterial cells bearing the human gene for insulin will synthesize ..13..

14. The technique of adding a human gene to a circular strand of bactenial DNA
is termed gene ..14..

15, The overall technology of transferring genetic information from one organ-
ism to another has become known as genetic ..15..

16. The shortened name of the virus of ATDS is ..16..

17. The nucleic acid ..17.. codes the genetic information of the virus that causes
AIDS,

18. Genetic information in cells is coded in the nucleic acid ..18..

19. The process in which a virus makes more of itself is known as ..19..

20. The genctic material of a T4 lymphocyte is captured by a (an) ..20.. virus.

21. Each tRNA molecule is specialized for carrying a particular kind of ..21..

22, The assembling of a polypeptide takes place inside the cell within an or-
ganelle known as a ..22.,

23. Messenger RNA is replicated from a segment of the genetic substance called
.23..

24, The process of cloning requires the stimulation of a {an) .24.. to initiate
cleavage.

25, The cellular organelle that exerts master control over the synthesis of
polypeptides is the .25..

PART B. Multiple Choice. Circle the letter of the item that correctly completes
each statement.

1. If two organisms that exhibit contrasting traits are crossed, the tmit that
shows up in the F; generation is called

{a) condominant {c) recessive
(b) dominant {d) allelic
2, The trait that remains hidden in the F, generation is the
(a) dominant (c) recessive
(b} codominant (d) phenotype
3. The specimen used by Mendel in his work was the
(a) fruit fly (c) firefly
(b) snapdragon (d) garden pea
4. A 31 ratio is characteristic of an
(a) F, cross (c) F; cross
(b) F; cross (d) F,cross
5. The genotypic ratio of an F cross is
(a) 3:1 {c) 1:2:1
(b) R:2 {d) 1:3:1
6. Drosaphila melanogaster is a
(a) fruit fly (e} bread mold
(b) gene (d) cross over

-1

. Red cattle crossed with white cattle produce a red and white hybrid. This type
of inheritance is known as

(a) mutation (¢) recessive

(b) codominance (d) ransformation
8. A loss of a piece of chromosome is known as a

(a) translocation (¢} deletion

(b) transfiguration {d) duplication
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25. The “building blocks” of polypeptides are

{a) thymine and uracil (c) amino acids
(b) mRNA (d) deactivated protein

PART C. Modified True-False. If a statement is true, write “true” for your an-

1.
N

3
4.
5.
6.
7.
8.
9.
10.

11

12.
13.
14,
15.
16.
17.
18.

20
21.

2.
23,
4.

5.

CONNECTING

5

swer. If a statement is incorrect, change the underlined expression to
one that will make the statement true.

Point mutations are changes in single cells.

When a piece of broken chromosome sticks to another complete chromo-
some, the defect is known as linkage,

The five-carbon sugar in DNA is named ribose.

The sex chromosomes of human males are XX,

A person with genotype if has blood type AB.

Thymine is always joined 10 guanine,

The DNA molecule is shaped like a double girgle.

DNA molecules are composed of units called pucleic acids.

RNA does not contain the base yracil,

Pyrimidine molecules are joined to purines through weak oxygen
bonds. -

Down syndrome is a genetic disease caused by the doubling of chromosome
number 21, -
Recombinant DNA is carried into a bacterial cell by means of a catalyst.
Recombinant DNA is now used to produce two human enzymes,
Interferons prevent the replication of DNA,

The names Tjio and Levan are correctly associated with counting genes,
The viral gene env codes for the gnvironment of the virus. -
Thus far, the number of genes identified in the AIDS virus is six.

A virus that passes its genetic code from RNA to DNA is a reverse
YIrus.

. Reverse transcriptase helps the HIV virus to carry out its metabolic

processes.
A cell that is invaded by a virus is called a homg cell.

Hemophilia and muscular dystrophy are genetic diseases that are classified
as being trisomic.

Cloning is a form of sexual reproduction

Two forms of RNA are replicated in the nucleus of the cell.

In the tRNA molecule, the loop opposite the 3" and 5 ends is known as the
codon.

Ribosomes are assembled from protein and RNA in the cytoplasm of

the cell.

TO CONCEPTS

. Although Gregor Mende! did not know about genes, he formulated three

basic principles of heredity. Explain.

Cite an example in which Mendel's law of dominance does not hold true.
What does the “one gene-one enzyme™ hypothesis suggest?

How does a retrovirus differ from a regular virus?

What ethical questions might be raised against the use of genetic
engineering?
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ANSWERS TO SELF-TEST CONNECTION

PART A

1. Mendel 14, splicing
2. phenotypes 15. engineering
3, linked 16. HIV

4. vestigial 17. RNA

5. crossing over 18. DNA

6. colchicine 19. replication
7. alleles 20. invading
8. single 21, amino acid
9. deoxyribonucleic acid 22. ribosome
10. nucleus 23. DNA

11. recombinant 24. egg

12. clones 25. nucleus or chromosome
13. insulin

PART B

L. b 10. b 19. ¢

L 1. ¢ 20. b

3d 12. a M. ¢

4. b 13. d 22, a

5 ¢ 14. b 3.b

6. a 15. b 24.4d

T b 16. a 8. ¢

8 c 17. d

9 a 18. d
PART C

1. genes 14, RNA

2. duplication 15. chromosomes

3. deoxyribose 16. outer coat

4. XY 17. eight

50 18, retrovirus

6. adenine 19. replication

7. helix 20. host

8. nucleotides 21. sex-linked

9. thymine 22. asexual

10, hydrogen 13, three

11. tripling 24, anticodon

12, virus 25, nucleus

13. hormones

Connecting to Life/Job Skills

The field of genetics offers many career opp ities such as h sci

physician, and laboratory technologist. Another career, for which there has been
increasing demand for trained personnel, is genetic counselor. Genetic coun-
selors work with a medical team. They give advice about genetic disorders and




324 HEREDITY AND GENETICS

1952

1952

1958

1959

1960

1960

1861

1997

1998

2000

2000

James Watson (United States) and Francis Crick (England)—were
the first to demonstrate the double-helix structure of DNA.

Norton Zinder and Joshua Lederberg (United States)—discovered
that DNA is the genetic material.

Linus Pauling (United States)—found a difference in electrophoresis
patterns b sickle-cell hemoglobin and normal hemoglobin.
Vernon Ingram (United States)—showed that the difference berween
normal and sickle-cell hemoglobin is one amino acid in 300

Hans Gruneberg (India)—discovered that a single mutant gene in
rats causes a complex of disorders.

Arthur Kornberg (United States)—was the first to synthesize DNA
in vifro.

Francis Crick (England)—provided experimental evidence support-
ing the triplet code while working with the T, virus.

William A. Hazeltine (United States)—discovered the function of the
tat gene in the HIV virus,

Ian Wilmut (Scotland)—successfully cloned a healthy sheep that
comtinues to live through the adult suge.

Michael W. Young (United States)—isolated and deciphered the func-
tions of four of the genes linked to the biclogical clock of the fruit fly.
Andrew Yeager (United States)—successfully transplanted bone mar-
row into the body of a boy suffering from sickle-cell anemia and cured
the disease.

David Ayares (United States) and colleagues---successfully cloned
five identical piglets.
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PRINCIPLES OF EVOLUTION

In this chapter you will learn about the scientific evidences of evolution that
support the doctrine of change in living things through the billions of years of
Earth’s history.

Evolution concerns the orderly changes that have shaped Earth and have
modified the living species that inhabit it. Evolution is a fusion of biological and
physical sci that have provided supporting data that confirm the fact that
over periods of time major changes have occurred in the interior of Earth and on
its surface, accompanied by modlfmons in climate, All of the changes in Earth
are classified as nonbiol fon. Changes that have taken
place in living organisms are km!wn as bloloycal or organic evolution.

Evidence of Evolution

Evidence that e\'ululinll—md‘ual change over a period of time—has occurred in

living things is provided by many sci and includes facts from the geologic
murd. mfonmmn gl.med by the study of fossils, and evidence from cell studies,
Y, comy and comparative embryology.
THE GEOLOGIC RECORD

Look at Table 17.1—The Geologic Time Scale. This scale is to be read from the
bottom upward because it represents the age of Earth as determined by the rock
layers of Earth. Geologists believe that Earth is between 4.5 and 5 billion years
ald. The age of Earth is measured by a process called radivactive dating.
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TABLE 17.1

The Geologic Time Scale

Era

Period Epoch

Millions
of Years
Ago

Climate and Life

CENOZOIC

Quarternary Recent

Pleistocene

Tertiary Plincene

Miocene

Oligocene

Eocene

Paleocene

0.01

25

70

26.0

38

65

Four ice ages; Homo
supiens,

Increase in herb
population; first Homo.
Cool; hominoid apes; first
humans.

Forests decrease;
dominance of
angiosperms.
Dominance on land by
mammals (anthropoid
apes, ungulates, whales);
birds; insects,

Mild to tropical weather;
small horses.

First primates and
carnivores.

MESOZOIC

Cretaceous

Jurassic

Triassic

136

225

Rise of angiosperms;
decline of gymnosperms;
extinction of dinosaurs:
second great radiation of
insects,

Europe covered by ocean;
last of the seed ferns;
gymnosperms dominant;
reptiles dominant; origin
of birds; dinosaurs
abundant.

Extensive arid and
mountainous areas;
dominance of land by
gymnosperms; first
dinosaurs, first mammals.

PALEOZOIC

Permian

280

Glaciers in southern
hemispheres;
Appalachians rising; first
confiers, cycads, ginkos;
expansion of reptile;
decline of amphibians;
extinction of trilobites.
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TABLE 17.1 The Geologic Time Scale (continued)

Era

Millions
of Years
Period Epoch Age Climate and Life

PALEQZOIC
fcont.)

Carboniferous  Pennsylvanian 345 Subtropical climate;

Mississippian swamps; great coal
forests; lycopsids,
sphenopsids, ferns,
EYMNosperms;
reptiles evolve;
amphibians dominant;
first insects; fungi.

Devonian 395 LS. covered by oceans,
Europe mountainous;
primitive tracheophytes;
origin of first seed plants;
first liverworts; age of
lishes, sharks,

Silurian 430 Rise of mountains in
Europe; continents flat;
first vascular plants;
arthropods appear on
land.

Ordovician 500 Mild climate; scas cover
continents; plants invade
land; marine algae
abundant; jawless fishes
evolve.

Cambrian 570 Primitive marine algae;
marine invertebrates in
great numbers.

PRECAMBRIAN

Earth cooling; shallow
seas; cukaryotes evolve;
cyanobacteria; bacteria,

Scientists have determined that certain clements disintegrate by giving off
radiations spontaneously and ot a regular rate. Such elemems are said to be
rld.inscﬁ\-r In the process of g

to hing else. For I ium-238 changes to lead. The half-
life of U- 238, the rate at which one half of the uranium in a rock sample will
change to lead, is 4.5 b1|1|m years. Uranlum!; rate nf decay is not affected by any
chemical or physical Th g the ium-lead ratio in a
sample ofrock is a very reliable method for eﬂlmntlng the age of the rock.
Dating of the oldest rocks found on Earth indicates that they are about 3 bil-
lion years old. To allow time for the original formation of the rocks, geologists
add another 2 billion years to this figure, thus arriving at the 4.5 to 5 billion-year
estimate of the age of Earth,
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FOSSIL EVIDENCE

Fossils are the preserved remains of plants and animals. They are often found in
sedimentary rock, which is formed by the gradual settling of sediments. The age
of fossils is estimated by the use of carbon dating. The sample plant or animal
fossil is tested for the ratio of radivactive carbon (carbon 14) to tioacti
carbon (carbon 12). By using the rate of decay of carbon 14 to carbon 12, the age
of a fossil can be determined.

The fossil records contained in the lavers of sedimentary rock provide reli-
able evidences of change in plant and animal species. The lower down the rock
layer, the older the fossil. Top layers contain more recent fossil remains of more
complex species. The hard parts of animals, such as a shell or a skeleton, become
fossilized in the hardened sedi of rock. Imprints, casts, or molds are other
types of fossil ins, produced by an ism leaving a footprint, a track, or
form in the sediment.

In 1998, Wes Linster (14 years of age) uncovered a nearly perfect skeleton of
a winged prehistoric animal as he was fossil hunting in Montana. Scientists esti-
mate that this bird-like predator lived more than 75 million years ago. This fossil
dromeosaur (Fig. 17.1) has been given the scientific name Bambirapior feinbergi,
indicating that it was a juvenile and had not reached its full size. It had a large
brain, a bird-like wishbone sternum, and wing-like “arms.” This fossil was a rare
find in that it is complete with no missing bone.

Other types of fossil remains have also provided evidence of ancient species.
Amber is the hardened resin of trees. Insects trapped in the sticky gum remain
preserved as the resin hardens into amber. Ice has preserved some rather huge an-
imals, such as the woolly h, which was probably caught in the glaciers of
Siberia. Leaf imprints have been preserved in coal while it was being formed. Pet-
rification, the absorbing of mineral matter by dead plant and animals, preserves
species in stone. Bogs have been the sources for preserved wood fossils, Since
bacteria of decay cannot thrive in the acid environment of bogs, wood samples
have been kept intact. Saber-toothed tiger fossils have been found in the La Brea
tar pits in Los Angeles,

Dr. Dan Gebo and his rescarch team uncovered the fossil remains of an extremely
small primate—so small that it can fit into the palm of the hand. However, this fossil

Fig. 17.1 Bambiraptor, a prehistoric winged dinosaur that lived
75 million years ago
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Fig. 17.2 Representation of the link between Eosimias and the anthropoids (dates
are approximate)

ﬁnd.rwuad Emmmsandmlledme“dmm mkty’ (F:g. 17.2), is the possible link

the p (lower h Is (higher primates). These
bones were found in China. Itsbehﬂod&ma;ﬂymmnwmcdﬁommw
Africa, where they evolved into baboons and chimpanzees.

EVIDENCE FROM CELL STUDIES AND BIOCHEMISTRY

The cells of all living organisms have comparable structures that function in sim-
ilar ways. All eukaryotic cells have a cell memhrmne a uucleus {except mature red
blood cells), cytopl with energy-prod Iria, and
where proteins are synthesized. The fncl that the cells of all living things have
similar structures that perform the same tasks indi that there is evolutionary
unity in all living things.
On the molecular level, there is similarity in genetic material of cells. Simi-
lar genes direct the formation of similar cell structures and similar proteins, For
ple, insulin produced in the hog p is s0 similar to human insulin that
hog pancreas is the source of insulin that is prescribed for diabetics. This means
that the human and the hog have some very similar DNA molecules. It is not un-
usual for animals of various species to synthesize some proteins of similar na-
tures. Interestingly enough, the primates (including humans and apes) and the
guinea pigs show an unusual kind of biochemical relationship. These are the only
vertebrate animals that cannot synthesize vitamin C from carbohydrates.

EVIDENCE FROM COMPARATIVE ANATOMY

A comparative study of the bone structures and body systems of animals from the
various phyla reveals a great deal of similarity, A comparative study of the skeletal
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Chicken Human

Fig. 17.5 A comparison of vertebrate embryos

Theories of Evolution

Since the 18th century several theories have been proposed to explain evolution.
Among these are the use and disuse theory of Lamarck and the theory of nat-
wral selection formulated by Charles Darwin. Recently advances in genetics and
biochemistry have led to the formulation of a modern theory of evolution.

“USE AND DISUSE”
The French biologist Jean Baptiste Lamarck (1744-1829) presented the first well
ganized theory of evolution. Lamarck recognized that living animals and plants

throughout the world were different. He proposed that these differences were duc
to changes that caused significant variations among species. He also believed that
changes are going on all of the time, b lution is a inuing process.

Lamarck believed that organisms evolved in straight line fashion from the
“less perfect to the more perfect.” We know today that branching evolution better
explains the diversity of the many species. Lamarck also believed that the changes
that take place in living organisms are stimulated by needs in the environment. He
believed that systems and body structures developed in response to “use” and that
those structures in “disuse” eventually disappeared. Lamarck also believed that
acquired characteristics could be passed on from parent to offspring.

German biologist August Weismann (1834-1914) used a rather dramatic ex-
periment to disprove Lamarck’s theory of inheritance of acquired characteristics.
Weismann cut off the tails of mice and then mated the mice. He carried out this

process for 25 g i In each ion he found that mice grew tails just
as long as the tails of the mice in the first generation. Weismann proved that cut-
ting off the tails of mice (resulting in an acquired ct istic) did not alter the

“germplasm™ of future generations,

NATURAL SELECTION

Charles Darwin (1809-1882) was an English naturalist who together with his
cousin, Alfred Russel Wallace (1823-1915), developed a theory of evolution that
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laid the groundwork for modern biological thinking. At the age of 22 in the year
1831, Charles Darwin commenced on a trip around the world as the official nat-
uralist of the ship H.ALS. Beagle. Darwin was commissioned to collect as many
specimens of animal and plant life as possible and to record observations of the
natural phenomena that he saw. Darwin’s trip on the Seagle extended over a five-
year period. The ship traveled around the coast of South America to the Galipa-
gos Istands. From there the ship pursued a westerly course passing the southern
coast of Australia, then going north 1o the southern coast of Asia and then south
along the southern coast of Africa back 10 England,

In all of the places where the ship stopped, Darwin collected i of
living organisms and recorded what he observed. For the next twcnty -five years
Darwin studied and organized his notes. In [859 he put together his thoughts in a
published work titled On the Origin of Species by Means of Natural Selection, or
the Preservation af Favored Races in the Struggle for Life. In this book, Darwin’s
theory of natural selection was clearly set forth, Today this work is referred to by
a shorter title, The Origin of Species.

Darwin’s theory of natural selection can be summed up thusly: large numbers
of new plants and animals are produced by nature. Many of these do not survive
because nature “weeds out™ weak and feeble organisms by killing off’ those that
cannot adapt to changing envi | conditi Only the gest and most
efficient survive and produce progeny. Specific tenets of the Darwin-Wallace the-
ory of evolution follow.

Overproduction

The theory of natural selection cites the f'al::t that every organism produces more
and/or organisms than can possibly survive. If every gamete produced by
a given species united in fertilization and developed into offspring, the world
would become so overcrowded in a short period of time that there would be no
room for successive generations. This does not happen. There is a balance that is
d in the reproduction of all species and therefore natural populations re-

main fairly stable, unless upset by a change in conditions.

Competition

As stated above, not all the offspring (and gametes) survive. There is competition
for life among organisms: competition for food, room, and space. Therefore there is
a struggle for existence in which some organisms dic and the more hardy survive.

Survival of the Fittest

Some organisms are better able to compete for survival than others. The differ-
ences that exist between organisms of the same species, making one more fit to
survive than another, can be explained in terms of variations. Variations exist in
every species and in every trait in members of a species. Therefore some organ-
isms can compete more successfully for the available food or space in which to
grow or can elude their ies better. Thesc variations arc said to add survival
value to an organism. Survival value traits are passed on to the offspring by those
individuals that live long enough to reproduce. As weaker individuals are weeded
out of the species, those individuals that remain do so because they are best
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Genetic drift and the random ions that i ard as the result
of genetic drift are known as non-Darwinian evolution.

Speciation is the forming of one or more new species from a species already
in existence, This can happen when a population becomes divided and part of the
original species continues life in a new habitat. [slands cut off from the mainland
by surrounding water, isolated mountain peaks, rmgnmon of a part of the species
to a new area—all these are les of geogray lation from the main
population. The separated populations cannot interbreed. Over evolutionary time,
different environments present different selective pressures, and the change in
gene pools will eventually produce new species. For example, Darwin identified
14 different species of finches living on the Galapagos slands; all had descended
from a single species of finch that lived on mainland Peru.

Time Frame

Currently, it is believed that there is a time frame for evolution, The concept of
gradualism supports the idea that evolutionary change is slow, gradual, and con-
tinuous. According to the concept of punctuated equilibrium, species have Jong
periods of stability, lasting for four or five million years, and then suddenly
change as a result of some geological or other environmental change.

The Origin of Life

Theories of evolution are concerned not only with how living organisms have
changed through time but also with how life began—how living organisms first
evolved on Earth. In the 1920s the Russian scmnrlst A.L Oparin began investiga-
tions into how life could have evolved from i pounds under the con-
ditions of early Earth. He found that he could produce coacervaie droplets that
had the ability to incorporate simple enzymes in their structure. This initial work
opened the door to many studies of how life could have begun.

In the 19505 Stanley Miller set up an expen in which he duplicated the
chemical conditions and the temperature of the early seas. Into sterile water he put
some methane gas, hydrogen, and ammonia, He sealed off the system so that
nothing could leave or enter it. The water was heated to a temperature similar to
that of the early seas. The water and gas mixture were subjected to electric sparks.
Miller let the experiment run for about a week. At the end of that time, he tested
the water and found present in it organic compounds that were not there before.
Miller's experiments help to expllin how organic matter appeared in the early seas.

In 1963, Car] Sag:m. ing Miller’s experi was able to produce
ATP (ad i T From' ic matter. ATP molecules are ial
to all living cells and function as energy storage molecules.

Following the lead of Stanley Miller, other investigators demonstrated how
clrgu.mc molecules could have been formed in the early scas. Melvin Calvin

I the polymerization of pl lecul Sldmy Fux produced

h long chain peptid ded by I ling a mem-

brane. Al of these experiments have contmbuted to lh: theory of the tmgm of life.
Scientists believe that the first isms were | hs that obtained nu-

trition from the organic molecules in the “hot, thin soup,” an expression used to
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In 1856 the fossil remnants of a human species called Homo sapiens nean-
derthales were found in a cave in Germany. It is believed that the Neanderthal ap-
peared on Earth about 125,000 years ago. They lived through two glacial periods
and then became extinct between 50,000 and 15,000 years ago. It is commonly
accepted theory that over thousands of years, modern humans gradually replaced
the Neanderthal grade of | until there ined only one species of human
being—Homo sapiens (Fig. 17.7).

Populations of
Homo sapiens

Cro-Magnons

Neanderthals
Homo erectus

Homa sapiens

Other fossil humans

Homao habilis

Humanoid
Modern branch

primates

Modem
insectivores

Fig. 17.7 The tree of human evolution
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-3

. The founder principle explains

(a) the origin of life

(b) abnormal gene frequencies in a small popul
(€) the methods by which genes leave a population
(d) finding and securing of [ost genes

. Genes are sorted out and recombined by the process of

(a) genetic drifi (c) sexual reproduction
(b} mutation (d) vegetative reproduction
The evening primrose was the experimental specimen used in the study of
(a) genetic drift (¢} gene flow
(h) mutation (d) vegetative propagation
. Darwin's theory of evolution is known as
(a) natural selection (2) survival of the fittest
(b} struggle for existence {d) competition
. The “continuity of the germplasm”™ was d 1in an experiment using
mice by the investigator named
(a) Miller (e} Fox
(b) Lamarck (d) Weismann

PART C. Modified True False. If a statement is true, write “true” for your an-

-

CONNECTING

1.
1.

3
4.

ANSWERS TO

swer. If a statement is incorrect, change the underlined expression to
one that will make the statement true.

. The age of Earth is measured by a process called reactive dating.

Uranium-23% ultimately turns into boron,

. It is estimated that the oldest rocks on Earth are about 3 billion years old.
. Fossil plants and animals are dated by measuring the hydrogen content.
. Fossil insects are most likely to be found in ambergris.

The absorbing of mineral matter by dead plant and animal bodies which turns
them into stone is known as petrification.

Human beings gan synthesize vitamin C from carbohydrates.

The study of developing forms is known as anatomy.

The H.M.5. Beagle is most closely associated with Wallace.

The concept of punciuated equilibrium helps to explain the time frame of
reproduction.

TO CONCEPTS

Explain how radioactive dating is used to determine the age of Earth,
How do you know that dinosaurs did not live when humans appeared on
Earth?

How does fossil evidence support the theory of evolution?

How can you prove that mutations are inherited?

SELF-TEST CONNECTION

PART A

1.
1
kN
4.
5.

inorganic 6. Lamarck
radioactive 7. Darwin
sedimentary 8. mutations
similar 9. genetic drift
homaologous 10. Miller
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ECOLOGY

OVERVIEW

In this chapter you will leamn about the interrelationships among living things
and the factors in the nonliving environment that affect life. You will also learn
how living things can change the environment.

Ecology is the science that studies the interrelationships between living species
and their physical environment. The word ecology was coined in 1869 by the Ger-
man zoologist Emst Haeckel to emphasize the imp of the envil in
which living things function. The envi includes living or biotic factors
and nonliving factors, referred to as abjotic factors.

The abiotic factors consist of physical and chemical conditions that affect the
ability of a given species to live and reproduce in a particular place. Included in
the abiotic factors are temperature, light, water, axygen, pH (acid-base balance) of
soil, type of substrate, and the availability of minerals. Certain kinds of plants and
animals will flourish in a natural community if the conditions are present that per-
mit their survival, Species interact to influence the survival of one another. One
important principle of ecology is that no living organism is independent of other
or of the physical envi if they share the same community.

The Concept of the Ecosystem

Certain terms are used in ecology to provide a consistent description of conditions
and ewm& A populalion refers to all of the members of a given species that live in
ap For ple, a beech-maple forest will contain a populmm
ofmp]e trees, a population of beech trees, a population of deer, and
of other species of plants and animals. All of the plant and animal pqmlahuus liv-
ing and i ing in a given envil are known as a community.

The living community and the nonliving envi work her in a co-
operative ecological system known as an ecosystem. An ecosystem has no size
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Each stage in the food chain represents a feeding or trophic level, Lettuce is the
producer, the green plant that provides the food that supports the ecosystem, The
l'ubblt is the primary consumer and represents the second trophic level. The car-

snake, the Jary feeds upon the rabbit and thus repre-
sents the third trophic level. This food chain ends with the hawk, the tertiary con-
sumer, which occupies the smallest trophic level in terms of energy. Every food
chain begins with an autotroph and ends with a carnivore that is not caten by a
larger animal. When carnivores die, their bodies usually serve as food for scav-
engers. The bacteria and fungi of decay d pose the ins not d i by
the scavengers.

The flow of energy in a food chain is in a straight line pattern. Most of the
energy is concentrated in the level of the producer. At each succeeding level the
encrgy is decreased. However, the feeding relationships among i in an
ecosystem are usually, in actuality, more complex.

ENERGY AND FOOD WEBS

Let us look again at the same simple food chain:
Lettuce — Rabbit — Snake — Hawk

Suppose all of the rabbits disappear from the cultivated field. Will the snakes
dic of starvation? The answer 10 this question can be seen in Fig. 18.2, which il-
lustrates a food web. Notice that the snake can feed upon a shrew, mouse, or owl.
In other words, other primary consumers (herbivores) serve well as food for
snakes, Figure 18,2 shows that there are several alternative energy pathways in a
food web. It is the alternative pathways that enable an ecosystem to keep its sta-
bility. One spev:les does not eradicate another in the quest for food.

The ! and prey help to keep an ecological com-
munity stable. mpredamhelpwwﬂiempuhnmupmmchﬂzyﬁndm
check. For example, if rabbits were allowed to reproduce without their numbers being
thinned by natural predators, the population of rabbits would become overwhelming.

Mountain lion

Hawk.

1

Snake

T

Owl
Shrew

Deer
Mice Rabbit "
* t Bushes
Grass seed Lettuce

Fig. 18.2 A food web
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Second camivore

First carnivore Consumet levels
Herbivore

Fig. 18.3 Food
Producer level

Food pyramid o

The burgeoning rabbit population would devour the available vegetation and then
the species would experience starvation and death. Such imbalances in nature do
occur when humans upset the natural stability of an ccosystem. Past experience
has shown that ecosystems are upset when new species are introduced into an arca
where there are no predators or natural enemies of the species. Figure 18.3 shows
a food pyramid, another way of illustrating energy flow in an ecosystem. Notice
that the autotrophs at the base of the pyramid support all of the heterotrophs (con-
sumers) that exist at each nutritional level and that there is a decrease of available
energy at each level,

NUTRITIONAL RELATIONSHIPS
Symbiosis

Taken from the Greek word ing “living ther,” biosis indi a
close association of two organisms of different species. One organism may be
considered the fost; the other, the visitor. The relationship may take three forms.
(1) The visitor and the host both benefit. (2) The visitor may be neither helpful
nor harmful to the host, (3) The visitor may harm the host. Each one of these sym-
biotic situations represents a special nutritional relationship.

Mutualism
In this relationship two isms live ther and both benefit. Mutualism is il-

I d by the relationship t a crocodile and a bird, the Egyptian plover.
When the crocodile opens :ts mouth, the plover jumps in and picks off the leeches
that are attached 1o the gums of the crocodile. The crocodile keeps its mouth open
while the bird is inside. The bird gets its food by cating the leeches, while the croc-
odile is relieved of the irmitation of the leeches. Although both the plover and the
crocodile benefit from this relationship, each species can live without the other.

The lichen (like-en) is a combination of two different species that live to-
gether so closely that the whole strueture is mistaken for a single plant-like or-
ganism. A lichen consists of a fungus and an alga. The fungus gathers water
through its hyphae, and the alga uses this water to make food through photosyn-
thesis. The fungus obtains food, and the alga gets water and a place to live—
anchored to the fungus. In this case, neither species can live without the other.

Commensalism

In this relationship, one species (the visitor) lives on another species (the host)
without doing harm to it. A suckerfish (remora) attaches itself to the underside of
a shark and is transported from place to place by the shark. The suckerfish also
cats food droppings from the shark’s mouth. However, the shark is not hurt or
inconvenienced in any way by the suckerfish.
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Decompesen)

Primary
Songume:
Secondzry
consumers

Fig. 18.5 Biogeochemical cycle

Biogeochemical Cycles

Certain compounds cycle through the abiotic portion and the biotic communities
of ecosystems. These Is contain ¢l that are y to the bio-
chemical processes that are carried out in living cells. Among these clements are
carbon, hydrogen, uxygen. and mlrugen In elemental form, they are useless to
cells and must be combined in ck ds. Let us trace the pathways of
some of the vital compounds from Earth to Imng organisms to the atmosphere
and then back to Earth. This cycle of cvents is best described by the term bio-
geochemical cyele (Fig. 18.5).

THE WATER CYCLE

Water is the source of hydrogen, one of the el y for the
ing of carbohydrate molecules by green plants. Water is necessary as the dissolv-
ing medium for substances that cross cell membranes and enter cells. Without wa-
ter, there can be no life.

There are three ways in which water vapor enters the atmosphere. (1) Water
evaporates from land surfaces and from the surfaces of all bodies of water, (2)
Water vapor enters the air as a waste product of respiration of animals and plants,
For example, every time you exhale, water vapor is released into the air. (3) Great
amounts of water are lost from plants Ihmugh the openings in the leaves; this wa-
ter loss due to evaporation is called 7

Water vapor in the air is carried to high altitudes where it is cooled and forms
clouds by condensation. Eventually, clouds fall o Earth in the form of precipita-
tion: rain, snow, or sleet. Most of the precipitation returns to the oceans, lakes, or
streams; less than 1 percent of it falls on land. Of the water that does fall on land,
about 25 percent will evaporate from the various land surfaces before it can be
absorbed by plants or used by animals. Water that does not evaporate enters the
soil and becomes available to plant roots and soil organisms.

Soil water that is not absorbed by plants seeps down into the ground until
it reaches an impervious layer of rock. The water moves along this rock as
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—

in soil.

Fig. 18.6 Water cycle

groundwater until it reaches an outlet into a larger body of water such as a lake
or an ocean. The water cycle, illustrated in Fig. 18.6, then repeats.

CARBON DIOXIDE/OXYGEN CYCLE

Carbon dioxide and oxygen cycle through the abiotic and biotic components of
ecosystems. Oxygen is released from plants into the atmosphere during photo-
synthesis. Oxygen from the air is taken in by animals and used during cellular res-
piration. Carbon dioxide, a waste product of respiration, is released into the air by
animals and plants. Plants take in the carbon dioxide and use it during photosyn-
thesis. The cycle repeats,

NITROGEN CYCLE

About 80 percent of the volume of the air is elemental nitrogen. Although it is an
important comp of proteins, ni must be in a combined form before it
can be used by the cells of living things.

Nitrogen becomes available to plants through the action of nitrogen-fixing
bacteria that change atmospheric nitrogen into nitrates, which are used by the
plants for protein synthesis,

Nitrogen is also fixed by lightning. The energy produced by a discharge of
lightning joins nitrogen with oxygen to form nitric oxides. These oxides combine
with water vapor to form nitrous and nitric acids. When these acids fall on soil
with rainwater, they are changed into nitrites and nitrates.

Denitrifying bacteria in the soil change nitrates back wo stmospheric nitrogen.
The cycle then repeats.
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contribute organic matter to the pulverized rock material. Now the physical con-
ditions have changed just enough to allow the growth of mosses. These too add
organic matter to the substrate and also contribute some water-holding ability to
the newly formed soil. The moss population is followed by the grasses and then
the ferns. In orderly succession there follow the low-growing bushes, the higher-
growing shrubs, and then trees. Each population inhabiting the region makes it
better for another species.

Primary succession culminates in the existence of a stable community, which
is known as a climax community, where one or two large trees predominate,
Over a period of years secondary succession may occur in which one species of
tree is gradually replaced by another. For example, white pine trees may replace
gray birch trees, Limiting factors such as temperature, light, minfall and :mnera.l
content of the soil influence the type of climax ity. A climax
in a broad geographical area having one type of climate is known as a biome.

World Biomes

Earth is divided into several biomes: illustrated in Fig. 18.7.

THE TUNDRA

Vast stretches of treeless plains surrounding the Arctic Ocean where cold is the
limiting factor (60°F in the summer to —30°F in the winter) are known as the arc-
tic tundra. Here the ground is permanently frozen a few feet below the surface and

90°

Arctic

Subarctic

Sea son al F orest I L

LU/ B tiq1q
> Increasing Aridity——"
Fig. 18.7 World biomes

Thornw



352 ECOLOGY

THE TAIGA

is responsible for the many lakes and bogs that characterize the region. The kinds
of organisms that inhabit the tundra have developed adaptations for survival in ex-
tremely cold temperatures. The plant species consist of lichens, mosses, grasses,
and sedges. During the summer, the flowering herbs bloom in brilliant color for a
very short time along with the dwarf willows. This seemingly meager plant life is
able to support the food chains of the tundra. It feeds thousands of migrating birds
and insect swarms that appear during the brief summer. Many mammals, such as
musk oxen, caribou, polar bears, wolves, foxes, and marine mammals, remain ac-
tive for most of the year.

The coniferous forests of Canada survive well in the long severe winters. The
spruce and fir trees predominate, The kinds of mammals that inhabit the taiga are
the black bear, the wolf, lynx, and squirrel.

THE DECIDUOUS FOREST

The forests of the temp regions are dominated by broad-leaved trees that lose
their leaves in the winter. Examples of the kinds of trees that compose these hard-
wood forests are oak and hickory, oak and chestnut, beech and maples and wil-
lows, cottonwood and sycamore. The types of animals inhabiting these forests are
deer, fox, squirrel, skunk, woodchuck, and raccoon.

THE DESERT

Deserts form in regions where the annual rainfall is less than 6.5 centimeters, or
Mlmramoccununmlydunngmeymandlhemafmpomlon is high.
The temp ically from hot days to cold nights. Plants that sur-
mmlhedesenhmspcclﬁc daplati for low moi: and high

ture, Shrubs, such as creosote and sagebrush, shed their short, thick leaves durmg
dry spells and become dormant as protection against wilting. Fleshy desert plants,
such as the cacti of American deserts and the euphorbias of African deserts, store
water in their tissues. Cheat grass and wild flowers are annuals that grow quickly
after a desert downpour, bloom, produce seed, and die. Mosses, lichen, and blue-
green algae lie dormant on the sand and become active when moisture is present.
The animals of the desert include lizards, insects, kangaroo rats, and arachnids.

THE GRASSLANDS

Grasslands occur where the annual ra.mfall is low and |rresular Gmsslmds usu-
ally occupy large areas of interior that are i from

laden winds, In the United States the grasslands are known as the Great Plains; in
Russia they are called the steppes; in South Africa, the veldr; and in South Amer-
ica, the pampas. Grasses have adaptations for living in soil where the rainfall is
low and erratic. Grazing animals are suited for life on the grasslands. At one time
the American grasslands supported huge herds of antelope and bison, The settlers re-
placed these natural herds with cattle and sheep. Besides the domesticated animals,
a number of predator species inhabit the grasslands, including coyotes, bobcats,
badgers, hawks, kit foxes, and owls. These feed primarily on burrowing rodents.
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