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PREFACE

Books are the carriers of civilization. Without books, history
is silent, literature dumb, science crippled, thought and
speculation at a standstill. They are engines of change,
windows on the world, lighthouses erected in a sea of time.

icrobiology is an exceptionally broad discipline en-
M compassing specialties as diverse as biochemistry,

cell biology, genetics, taxonomy, pathogenic bacte-
riology, food and industrial microbiology, and ecology. A mi-
crobiologist must be acquainted with many biological
disciplines and with all major groups of microorganisms:
viruses, bacteria, fungi, algae, and protozoa. The key is bal-
ance. Students new to the subject need an introduction to the
whole before concentrating on those parts of greatest concern
to them. This text provides a balanced introduction to all
major areas of microbiology for a variety of students. Because
of this balance, the book is suitable for courses with orienta-
tions ranging from basic microbiology to medical and applied
microbiology. Students preparing for careers in medicine, den-
tistry, nursing, and allied health professions will find the text
just as useful as those aiming for careers in research, teaching,
and industry. Two quarters/semesters each of biology and
chemistry are assumed, and an overview of relevant chemistry
is also provided in appendix 1.

Organization and Approach

The book is organized flexibly so that chapters and topics may
be arranged in almost any order. Each chapter has been made as
self-contained as possible to promote this flexibility. Some core
topics are essential to microbiology and have been given more
extensive treatment. The chapters that cover these topics (chap-
ters 2—18 and 29-32) are somewhat longer than others and may
be combined with a selection of noncore chapters to achieve the
desired orientation, whether basic, applied, or medical. The first
six parts of the text (chapters 1-27), which cover the more gen-
eral aspects of microbiology, also are available as a separate
paperbound volume.

The book is divided into 11 parts. The first 5 introduce
the foundations of microbiology: the development of microbi-
ology, the structure of microorganisms, microbial growth and
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its control, metabolism, microbial genetics, and the nature of
viruses. Part Six is a survey of the microbial world. In the
fourth edition, the bacterial survey closely follows the general
organization of forthcoming second edition of Bergey’s Man-
ual of Systematic Bacteriology. Because the classification of
the second edition is so different from that of the current edi-
tion of Bergey's Manual, we have tried to make the transition
to the new classification as easy as possible for the student.
Although principal attention is devoted to bacteria, eucaryotic
microorganisms receive more than usual coverage. Fungi,
algae, and protozoa are important in their own right. The in-
troduction to their biology in chapters 25-27 is essential to
understanding topics as diverse as clinical microbiology and
microbial ecology. Part Seven discusses symbiotic associa-
tions and parasitism in depth, providing a good foundation for
the later survey of specific diseases. Three chapters in Part
Eight describe in detail all major aspects of the immune re-
sponse. Part Nine begins with an introduction to antimicrobial
chemotherapy, epidemiology, and clinical microbiology. This
is followed by a survey of the major human microbial dis-
eases. The disease survey is primarily organized taxonomi-
cally on the chapter level; within each chapter diseases are
covered according to mode of transmission. This approach
provides flexibility and allows the student easy access to in-
formation about any disease of interest. The survey is not a
simple cataloguing of diseases; diseases are included because
of their medical importance and their ability to illuminate the
basic principles of disease and resistance. Part Ten focuses on
the relationship of microorganisms to aquatic and terrestrial
environments. Chapter 40 presents the general principles un-
derlying microbial ecology and environmental microbiology
so that the chapters on aquatic and terrestrial habitats can be
used without excessive redundancy. Part Eleven concludes
the text with an introduction to food and industrial microbiol-
ogy. Five appendices aid the student with a review of some
basic chemical concepts and with extra information about im-
portant topics not completely covered in the text.
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Many substantial changes and improvements have been
made in the fourth edition, including the following:

1. The chapter on taxonomy, chapter 19, has been
completely rewritten to place a greater emphasis on
phylogenetic approaches and rRNA comparisons. It also
contains an introduction to the upcoming second edition
of Bergey’s Manual.

2. The bacterial survey chapters (chapters 20-24) have been
reorganized to follow the classification system of the
second edition of Bergey’s Manual. Wherever possible,
the second edition is compared with the first edition. In
order to make the transition easier for the student,
appendix IV contains an outline of relevant portions of the
first edition classification and page numbers for coverage
of many of the most important bacteria. In this way the
book can be used in the context of the first edition of
Bergey’s Manual even though it follows the classification
of the second edition.

3. New references have been added through early 1998 and
some older references deleted.

4. New topics and sections have been added and others have
been substantially revised. Some examples are the following:
a. Chapter 9—The material on ATP synthase structure and

function has been updated.

b. Chapter 11—There is new material on (1) domains and
protein folding and (2) protein splicing, inteins, and exteins.

c. Chapter 13—A discussion of directed- or adaptive-
mutation has been added.

d. Chapter 14—There is a new section on the process of
whole genome sequencing and what has been learned
thus far from genome sequences. A new box describes
the procedure for DNA sequencing.

e. Chapter 15—A section on the use of artificial
chromosomes in genetic engineering has been added.

f. Chapter 18—There is new material on virus life cycles,
particularly the reproduction of hepadnaviruses.

g. Chapters 20-24—Every chapter in the procaryotic
survey has new tables summarizing the characteristics of
important genera. Descriptions of many genera have
been added or expanded, for example: Picrophilus,
Methanopyrus, Aquifex, Thermotoga, Planctomyces,
Burkholderia, Helicobacter, Propionibacterium,
Bifidobacterium, and Heliobacterium.

h. Chapters 25-27—In the last few years, phylogenies of
true fungi (Eumycota), slime molds, water molds, algae,
and protozoa have been developed using rRNA data and
the results of ultrastructural studies. These are described
at several points during the eucaryotic survey.

i. Chapter 28—A discussion of syntrophism has been
added with the anaerobic, methanogenic microbial
system as an example.

Jj- Chapter 29—New discussions of pathogenicity islands
and the type III secretion system have been added.

k. Material on cytokines and their receptors has been
updated throughout the immunology chapters.

1. Chapters 36-39—Discussions of many newly emerging
viral, bacterial, fungal, and protozoan diseases are
included in the disease survey.

m. Chapter 40—The chapter contains several changes and
improvements: a discussion of the relationship between
microbial ecology and environmental microbiology, a
description of new molecular techniques used in
environmental studies, current information on the
recently discovered chemical-based microbial
ecosystems, and updated material on nutrient cycling.

n. Chapter 41—New topics include an introduction to
zoosporic aquatic fungi, a description of the toxic
dinoflagellate Pfiesteria piscicida, and a discussion of
the impact of dams on aquatic ecology. The discussions
of sewage treatment and the survival of E. coli 0157:H7
in the aquatic environment have been updated.

0. Chapter 42—The discussions of nitrogen fixation and
mycorrhizal relationships have been updated and improved.

p- Chapter 43—The discussions of molecular techniques
for food analysis and rapid identification procedures for
pathogens have been updated. New material on E. coli
O157:H7 transmission and control has been added.

q. Chapter 44—Discussions of evolutionary biotechnology
and natural attenuation have been added. The latest
information on bioremediation and reductive
dehalogenation is included.

This text is designed to be an effective teaching tool. A text
is only as easy for a student to use as it is easy to read. Readabil-
ity has been enhanced by using a relatively simple, direct writing
style, many section headings, and an organized outline format
within each chapter. The level of difficulty has been carefully set
with the target audience in mind. During preparation of the
fourth edition, every sentence was carefully checked for clarity
and revised when necessary. The American Society for Microbi-
ology’s ASM Style Manual conventions for nomenclature and
abbreviations have been followed as consistently as possible.

The many new terms encountered in studying microbiology
are a major stumbling block for students. This text lessens the
problem by addressing and reinforcing a student’s vocabulary
development in three ways: (1) no new term is used without
being clearly defined (often derivations also are given)—a stu-
dent does not have to be familiar with the terminology of micro-
biology to use this text; (2) the most important terms are printed
in boldface when first used; and (3) a very extensive, up-to-
date, page-referenced glossary is included at the end of the text.

Because illustrations are critical to a student’s learning and
enjoyment of microbiology, all illustrations are full-color, and as
many color photographs as possible have been used. Color not
only enhances the text’s attractiveness but also increases each fig-
ure’s teaching effectiveness. Considerable effort has gone into
making the art as attractive and useful as possible. Where neces-
sary, the art in the third edition has been revised and improved for
use in the fourth edition. All new line art has been produced under
the direct supervision of the authors and designed to illustrate and
reinforce specific points in the text. Consequently every illustra-
tion is directly related to the narrative and specifically cited where



appropriate. Great care has been taken to position illustrations as
close as possible to the places where they are cited. Illustrations
and captions have been reviewed for accuracy and clarity.

Themes in the Book

At least seven themes permeate the text, though a particular one
may be more obvious at some points than are others. These
themes or emphases are the following:

1. The development of microbiology as a science

2. The nature and importance of the techniques used to
isolate, culture, observe, and identify microorganisms

3. The control of microorganisms and reduction of their
detrimental effects

4. The importance of molecular biology for microbiology

5. The medical significance of microbiology

6. The ways in which microorganisms interact with their
environments and the practical consequences of these
interactions

7. The influences that microorganisms and microbiological
applications have on everyday life

These themes help unify the text and enhance continuity. The
student should get a feeling for what microbiologists do and for
how their activities affect society.

Aids to the Student

It is hard to overemphasize the importance of pedagogical aids
for the student. Accuracy is most important, but if a text is not
clear, readable, and attractive, up-to-dateness and accuracy are
wasted because students will not read it. Students must be able to
understand the material being presented, effectively use the text
as a learning tool, and enjoy reading the book.

To be an effective teaching tool, a text must present the sci-
ence of microbiology in a way that can be clearly taught and
easily learned. Therefore many aids are included to make the
task of learning more efficient and enjoyable. Following the
preface a special section addressed to the student user reviews
the principles of effective learning, including the SQ4R (survey,
question, read, revise, record, and review) study technique.
Each chapter contains the following:

1. Opening quote(s): These are designed to perk student
interest and provide perspective on the chapter’s contents.

2. Chapter outline: The chapter outline, with page numbers,
includes all major headings in the chapter. This helps the
reader locate particular topics of interest.

3. Chapter concepts: Several statements briefly summarize some
of the most important concepts the student should master.

4. Chapter preface: One or two short paragraphs preview the
chapter’s contents and relate it to the rest of the text. The
preface is not a summary but allows the student to put the
chapter in perspective at the start.

5. Boldfaced terms: Important terms are emphasized and
clearly defined when they are first used.
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6. Chapter summaries: A series of brief, numbered statements
is designed to serve more as a study guide than as a
complete, detailed summary of the chapter.

7. Key terms: A list of all boldfaced terms is provided at the
end of the chapter to emphasize the most significant facts
and concepts. Each term is page-referenced to the page on
which the term is first introduced in the chapter.

8. Review questions and activities: Two kinds of review
questions appear in each chapter. A small box with one to
five brief review questions is located at the end of most
major sections. These questions help the student master the
section’s factual material and major concepts before
continuing with the chapter. An example of these in-chapter
review questions from page 50 has been reproduced here.

1. Briefly describe the nature and function of the cytoplasmic matrix
and the ribosome. What is a protoplast?

2. What kinds of inclusion bodies do procaryotes have? What are
their functions?

3. What is a gas vacuole? Relate its structure to its function.

4. What are molecular chaperones and heat-shock proteins? Describe
their functions.

The “Questions for Thought and Review” section at the end
of the chapter contains factual questions and some synthetic
questions to aid the student in reviewing, integrating, and apply-
ing the material in the chapter.

9. Multimedia-supported illustrations: Throughout the text
the reader will find illustrations of microbiological
concepts and processes that can be supplemented with full-
color video, animations, or interactive screens from the new
second edition of Microbes in Motion (0-697-24596-9), the
interactive CD-ROM available from WCB/McGraw-Hill.
The reader will be able to easily recognize these figures, as
the figure legends are preceded by a CD icon. Figure 3.23aq,
is one example of such an illustration (see next page).

10. Correlation guide to Microbes in Motion: To facilitate
finding corresponding information on the multimedia-
supported illustrations, a correlation guide is provided in
the Instructor’s Manual and Student Study Guide. The
Microbes in Motion CD-ROM is organized into 17 topical
“books,” the books are divided up into “chapters,” and the
chapters have numbered “pages.” For each multimedia-
supported illustration, the correlation guide directs the
reader to the book, chapter, and page on the CD-ROM
where corresponding material can be found. The correlation
guide entry is shown here for the multimedia-supported
illustration referred to above.

Fig. 3.23 Bacterial Structure and Function Book
Cell Wall Chapter/Peptidoglycan Topic
pp-2&3

11. Additional readings: References are provided for further
study. Most are reviews, monographs, and Scientific American
articles rather than original research papers. Publications cited
in these reviews introduce sufficiently interested students to
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8 Figure 3.23 Peptidoglycan Structure. A peptidoglycan
segment showing the polysaccharide chains, tetrapeptide side chains,
and peptide interbridges. (a) A schematic diagram.

the research literature. References through early 1998 have
been included. The reference sections also are organized into
topical groups that correspond to the major sections in each
chapter. This arrangement provides ease of access for students
interested in particular topics.

12. Cross-reference notes: These notes refer the student to major
topics that are difficult and may need review in order to
understand the current material. They also point the student
either forward or backward to a related item of
unusual interest or importance. An example of the
usage of the cross-reference note from page 129
has been reproduced here.

Electron transport and aerobic respiration (pp. 169-74).

he most widely used seqnemn; technique is that developed by
Frederick Sanger in 1975.
cleotide triphosphates (ddNTPs) in DNA synthesis. These mole-

the text but have been rewritten to give the student further under-
standing of the item. To improve ease of use, the fourth edition
has a large, detailed index. It has been carefully designed to make
text material more accessible. The appendices aid the student with
extra review of chemical principles and metabolic pathways and
provide further details about the taxonomy of bacteria and viruses.

Supplementary Materials

Many supplementary materials are available to help instructors
with their presentations and general course management.

1. An Instructor’s Manual, written by Ralph Rascati,
Kennesaw College, includes a list of transparencies, a list
of two slide sets, and a correlation guide that ties
Microbiology, fourth edition, to the second edition of the
Microbes in Motion CD-ROM. In addition, the number of
test questions has been increased to about 60 for each
chapter. This extensive battery of more than 2,600 test
items is a powerful instructional tool.

2. The WCB/McGraw-Hill Microtest is a computerized testing
and classroom management service that is offered free on
request to adopters of this text. The service provides a
database of objective questions for preparing exams and a
grade-recording program. The software requires no
programming experience and is available in Windows, and
Mac formats.

3. A set of 150 full-color acetate transparencies is available
and may be used to supplement classroom lectures.

4. The WCB/McGraw-Hill Visual Resource Library contains
300 carefully selected illustrations from Microbiology, fourth

Box 14.2

|

DNA Sequencing

The Sanger Method for DNA Sequencing. T
(a) A sequencing gel with four separate lanes.

The sequence begins, reading from the

o

This approach uses dideoxynu-

Fermentation (pp. 174-76).
Anaerobic respiration (pp. 176-77).

13. Boxed readings: Most chapters also contain
one or more boxes, which describe items of
interest that are not essential to the primary
thrust of the chapter. Topics include currently
exciting research areas, the practical impact of
microbial activities, items of medical
significance, historical anecdotes, and
descriptions of extraordinary microorganisms.
An example of a boxed reading from page 302
has been reduced and reproduced here.

Besides the chapter aids the text also contains a
glossary, an index, and five appendices. The extensive
glossary defines the most important terms from each
chapter and includes page references. Where desirable,
phonetic pronunciations also are given. Most of the
glossary definitions have not been taken directly from

cules resemble normal nucleotides except that they lack a 3"-hydroxyl

group. They can add to the growing end of the chain, but terminate the _

bottom, CAAAAAACGGACCGGGTGTAC.
(b) An example of sequencing by use of

synthesis catalyzed by DNA because more
not be attached to further extend the chain. A single strand of the DNA
to be sequenced is mixed with a primer, DNA polymerase I, normal
nucleoside triphosphates, and a small amount of one of the dideoxynu-
cleotides that has been labeled with a fluorescent dye (each ddNTP is
labeled with a dye of a different color). DNA synthesis begins with the
primer and terminates when ddNTP is incorporated in place of a regular
NTP (see Box figure b). The result is a series of fragments of varying
lengths. Four reactions are run, each with a different fluorescent ddNTP.
The mix with ddATP produces fragments with an A terminus: the mix
mmmx.'rppmduouﬁqmummc:mmm and 5o forth, The flu-
orescent fragments are separated from the DNA template and elec-
trophoresed on polyacrylamide gels to separate them from one another
based on size. A DNA sequence can be read directly from the gels begin-
ning with the smallest or fastest moving band and moving to the largest
or slowest band. Up to 800 residues can be read from a single gel. If the
sequence is 1o be read visually, four lanes are electrophoresed, one for
each reaction mix (see Box figure a). In automated systems the pmducu
from the four reactions are mixed and electrophoresed together. Because
each ddNTP fluoresces with a different color, a detector can scan the gel
and rapidly determine the sequence from the order of colors in the bands
(see Box figure b, ¢).

See text for details. (c) Part of an automated
DNA sequencing run. Bases 493 to 499 were
used as the example in (b).

~GCAACAT—
% +ado\_ st

~GCGACA —GCG ~—GCGAC —GCGACAT

-@CcaA -6 -ac
%

®
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eoe> 0>

BCGACATCACTCCAGCTTGAAGCAGTTCTTCTCATCTTCTATTTTATCTAACTTATCTTCCTTCTTCTCTTCCTATTTAAGAAGAGAA
500 510 20 50 540 50 80 570 =0




edition, on CD-ROM with easy to use presentation software.
The Interactive Slide Show program allows you to present the
ready to play slide show offered on CD-ROM, and the Slide
Editor program enables you to maneuver among the images
to create your own multimedia presentation.

5. A setof projection slides provides clinical examples of diseases
to supplement the illustrations in the text. A second set of
projection slides provides examples of microbial specimens.

6. A Student Study Guide by Ralph Rascati contains chapter
objectives, focus questions, mastery tests, and other
activities to aid student comprehension.

7. The second edition of Microbes in Motion is an interactive
CD-ROM, now for both Windows and Mac, that brings
microbiology to life. This easy to use tutorial can go from
the classroom to the resource center to your students’ own
personal computers. Microbes in Motion brings discovery
back into the learning and education process through
interactive screens, animations, video, audio, and
hyperlinking questions. The applications of this CD-ROM
are only as limited as your good ideas.

Two other CD-ROM s are also available from
WCB/McGraw-Hill: Hyper Clinic (Windows), by Lewis
Tomalty and Gloria Delisle, which provides a complete
survey of clinical microbiology—including numerous case
studies; and Identibacter interactus, an information-rich
simulation of the bacterial-unknown laboratory exercise.

8. A fourth edition of the laboratory manual, Laboratory
Exercises in Microbiology, by John P. Harley and Lansing
M. Prescott, has been prepared to accompany the text. This
manual is directly correlated with the text and designed to
be used with it (although it may be used easily with other
microbiology textbooks). Like the text the laboratory
manual provides a balanced introduction to laboratory
techniques and principles that are important in each area of
microbiology. The class-tested exercises are modular and
short so that an instructor can easily choose only those
exercises that fit his or her course. The fourth edition of the
manual contains recipes for all reagents and media. Each
exercise in this manual can also be customized by
combining the exercises with one’s own materials. The
local WCB/McGraw-Hill representative should be
contacted for more details on this custom publishing
service. A lab resource guide has complete answers to all
laboratory report questions.

9. A setof 305, 3” X 5” Microbiology Study Cards prepared
by Kent M. Van De Graaff, F. Brent Johnson, Brigham
Young University, and Christopher H. Creek features
complete descriptions of terms, clearly labeled drawings,
clinical information on diseases, and much more.
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TO THE STUDENT

One of the most important factors contributing to success in col-
lege, and in microbiology courses, is the use of good study tech-
niques. This textbook is organized to help you to study more
efficiently. But even a text with many learning aids is not effec-
tive unless used properly. Thus this section briefly outlines
some practical study skills that will help ensure success in mi-
crobiology and make your use of this textbook more productive.
Many of you already have the study skills mentioned here and
will not need to spend time reviewing familiar material. These
suggestions are made in the hope that they may be useful to
those who are unaware of approaches like the SQ4R technique
for studying textbooks.

Time Management and Study Environment

Many students find it difficult to study effectively because of a
lack of time management and a proper place to study. Often a
student will do poorly in courses because not enough time has
been spent studying outside class. For best results you should
plan to spend at least an average of four to eight hours a week
outside class working on each course. There is sufficient time in
the week for this, but it does require time management. If you
spend a few minutes early in the morning planning how the day
is to be used and allow adequate time for studying, much more
will be accomplished. Students who make efficient use of every
moment find that they have plenty of time for recreation.

A second important factor is a proper place to study so that
you can concentrate and efficiently use your study time. Try to
find a quiet location with a desk and adequate lighting. If pos-
sible, always study in the same place and use it only for study-
ing. In this way you will be mentally prepared to study when
you are at your desk. This location may be in the dorm, the li-
brary, a special study room, or somewhere else. Wherever it is,
your study area should be free from distractions—including
friends who drop by to socialize. Much more will be accom-
plished if you really study during your designated study times.

Making the Most of Lectures

Attendance at lectures is essential for success. Students who chron-
ically miss classes usually do not do well. To gain the most from
lectures, it is best to read any relevant text material beforehand. Be
prepared to concentrate during lectures; do not simply sit back pas-
sively and listen to the instructor. During the lecture record your
notes in a legible way so that you can understand them later. It is
most efficient to employ an outline or simple paragraph format.
The use of abbreviations or some type of shorthand notation often
is effective. During lecture concentrate on what is being said and be

sure to capture all of the main ideas, concepts, and definitions of
important terms. Do not take sketchy notes assuming that you will
remember things because they are easy or obvious; you won’t. Dia-
grams, lists, and terms written on the board are almost always im-
portant, as is anything the instructor clearly emphasizes by tone of
voice. Feel free to ask questions during class when you don’t un-
derstand something or wish the instructor to pursue a point further.
Remember that if you don’t understand, it is very likely that others
in the class don’t either but simply aren’t willing to show their con-
fusion. As soon as possible after a lecture, carefully review your
notes to be certain that they are complete and understandable. Refer
to the textbook when uncertain about something in your notes; it
will be invaluable in clearing up questions and amplifying major
points. When studying your notes for tests, it is a good idea to em-
phasize the most important points with a felt-tip marker just as you
would when reading the textbook.

Studying the Textbook

Your textbook is one of the most important learning tools in any
course and should be very carefully and conscientiously used.
Many years ago Francis P. Robinson developed a very effective
study technique called SQ3R (survey, question, read, recite, and
review). More recently L. L. Thistlethwaite and N. K. Snouffer
have slightly modified it to yield the SQ4R approach (survey,
question, read, revise, record, and review). This latter approach
is summarized below:

1. Survey. Briefly scan the chapter to become familiar with its
general content. Quickly read the title, introduction,
summary, and main headings. Record the major ideas and
points that you think the chapter will make. If there are a
list of chapter concepts and a chapter outline, pay close
attention to these. This survey should give you a feel for the
topic and how the chapter is approaching it.

2. Question. As you reach each main heading or subheading,
try to compose an important question or two that you
believe the section will answer. This preview question will
help focus your reading of the section. It is also a good idea
to keep asking yourself questions as you read. This habit
facilitates active reading and learning.

3. Read. Carefully read the section. Read to understand
concepts and major points, and try to find the answer to
your preview question(s). You may want to highlight very
important terms or explanations of concepts, but do not
indiscriminantly highlight everything. Be sure to pay close
attention to any terms printed in color or boldface since the
author(s) considered these to be important.
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4. Revise. After reading the section, revise your question(s) to
more accurately reflect the section’s contents. These
questions should be concept type questions that force you
to bring together a number of details. They can be written
in the margins of your text.

5. Record. Underline the information in the text that answers
your questions, if you have not already done so. You may
wish to write down the answers in note form as well. This
process will give you good material to use in preparing
for exams.

6. Review. Review the information by trying to answer your
questions without looking at the text. If the text has a list of
key words and a set of study questions, be sure to use these
in your review. You will retain much more if you review
the material several times.

Preparing for Examinations

It is extremely important to prepare for examinations properly
so that you will not be rushed and tired on examination day. All
textbook reading and lecture note revision should be completed

well ahead of time so that the last few days can be spent in mas-
tering the material, not in trying to understand the basic con-
cepts. Cramming at the last moment for an exam is no substitute
for daily preparation and review. By managing time carefully
and keeping up with your studies, you will have plenty of time
to review thoroughly and clear up any questions. This will allow
you to get sufficient rest before the test and to feel confident in
your preparation. Because both physical condition and general
attitude are important factors in test performance, you will auto-
matically do better. Proper reviewing techniques also aid reten-
tion of the material.

Further Reading

Grassick, P. 1983. Making the grade: How to score high on all scholastic tests.
New York: Arco.

Shaw, H. 1976. 30 Ways to improve your grades. New York: McGraw-Hill.

Shepherd, J. F. 1988. RSVP: The Houghton Mifflin reading, study, and
vocabulary program, 3d ed. Boston: Houghton Mifflin.

Thistlethwaite, L. L., and Snouffer, N. K. 1976. College reading power, 3d ed.
Dubuque, lowa: Kendall/Hunt.



CONTENTS

Preface xvii
To the Student  xxv

Part I
Introduction to Microbiology

The History and Scope of Microbiology 1 Procaryotic Cell Membranes 40
The Plasma Membrane 41

The Discovery of Microorganisms 2 Internal Membrane Systems 43

The Spontaneous Generation Conflict 2 The Cytoplasmic Matrix 44

The Recognition of the Microbial Role in Disease 7 Inclusion Bodies 44

The Discovery of Microbial Effects on Organic and Inorganic Matter 9 Ribosomes 47

Mitrobiology in the Twentieth Century 11 Molecular Chaperones 48

The Composition of the Microbial World 13 The Nucleoid 50

The Scope and Relevance of Microbiology 13 The Procaryotic Cell Wall 51

Peptidoglycan Structure 52
Gram-Positive Cell Walls 53
Gram-Negative Cell Walls 53
The Study of Microbial Structure: Microscopy T Med arGraSiiing 36
) . The Cell Wall and Osmotic Protection 56
and Spec1men Preparatlon 16 Components External to the Cell Wall 58

. o § Capsules, Slime Layers, and S-Layers 58
Lenses and the Bending of Light 17 Pili and Fimbriae 59

The Light Microscope 18 .
The Bright-Field Microscope 18 Flagella anid Mofility, , 39
. . Chemotaxis 63
Microscope Resolution 19 The B al End 66
The Dark-Field Microscope 20 ¢ Bactenal Endospore
The Phase-Contrast Microscope 21

The Fluorescence Microscope 23 4  Eucaryotic Cell Structure and Function 72
Preparation and Staining of Specimens 24

Fixation _25 » An Overview of Eucaryotic Cell Structure 74

Dyes and Simple Staining 25 The Cytoplasmic Matrix, Microfilaments, Intermediate Filaments,

Differential Staining 25 and Microtubules 74

Staining Specific Structures 25 The Endoplasmic Reticulum 77
Electron Microscopy 27 The Golgi Apparatus 77

The Transmission Electron Microscope 28 Lysosomes and Endocytosis 78

Specimen Preparation 29 Eucaryotic Ribosomes 80

The Scanning Electron Microscope 31 Mitochondria 81

Chloroplasts 81
The Nucleus and Cell Division 83
Nuclear Structure 83

Procaryotic Cell Structure and Function 36 The Nucleolus 84
Mitosis and Meiosis 85
An Overview of Procaryotic Cell Structure 37 External Cell Coverings 87
Size, Shape, and Arrangement 37 Cilia and Flagella 89

Procaryotic Cell Organization 39 Comparison of Procaryotic and Eucaryotic Cells 90



viii Contents

ParT II

Microbial Nutrition, Growth, and Control

5  Microbial Nutrition 97

The Common Nutrient Requirements 98
Requirements for Carbon, Hydrogen, and Oxygen 98

Nutritional Types of Microorganisms 99
Requirements for Nitrogen, Phosphorus, and Sulfur 100
Growth Factors 100
Uptake of Nutrients by the Cell 101

Facilitated Diffusion 102

Active Transport 103

Group Translocation 104

Iron Uptake 105
Culture Media 105

Synthetic or Defined Media 106

Complex Media 106

Types of Media 106
Isolation of Pure Cultures 107

The Spread Plate and Streak Plate 107

The Pour Plate 109

Colony Morphology and Growth 110

6  Microbial Growth 113

The Growth Curve 114
Lag Phase 114
Exponential Phase 114
Stationary Phase 115
Death Phase 115
The Mathematics of Growth 115
Measurement of Microbial Growth 116
Measurement of Cell Numbers 117
Measurement of Cell Mass 120
Growth Yields and the Effects of a Limiting Nutrient 120

Part III

The Continuous Culture of Microorganisms

The Chemostat 121
The Turbidostat 121
Balanced and Unbalanced Growth 122

The Influence of Environmental Factors on Grow!

Solutes and Water Activity 123
pH 124

Temperature 125

Oxygen Concentration 129
Pressure 130

Radiation 130

121

123

Control of Microorganisms by Physical

and Chemical Agents 135

Definition of Frequently Used Terms 136

The Pattern of Microbial Death 137

Conditions Influencing the Effectiveness of Antimicrobial Agent

Activity 138
The Use of Physical Methods in Control
Heat 138
Filtration 141
Radiation 142
The Use of Chemical Agents in Control
Phenolics 143
Alcohols 145
Halogens 145
Heavy Metals 146
Quaternary Ammonium Compounds
Aldehydes 147
Sterilizing Gases 147

Evaluation of Antimicrobial Agent Effectiveness

Microbial Metabolism

8  Metabolism: Energy and Enzymes 151
Energy and Work 152
The Laws of Thermodynamics 152
Free Energy and Reactions 153
The Role of ATP in Metabolism 154
Oxidation-Reduction Reactions and Electron Carriers 155
Enzymes 157
Structure and Classification of Enzymes 157
The Mechanism of Enzyme Reactions 159
The Effect of Environment on Enzyme Activity ' 159
Enzyme Inhibition 160

9  Metabolism: The Generation of Energy 163
An Overview of Metabolism 164
The Breakdown of Glucose to Pyruvate 165

The Glycolytic Pathway 166

The Pentose Phosphate Pathway 167
The Entner-Doudoroff Pathway 168

The Tricarboxylic Acid Cycle 169

Electron Transport and Oxidative Phosphorylation

The Electron Transport Chain 170
Oxidative Phosphorylation 171

The Yield of ATP in Glycolysis and Aerobic Respiration

Fermentations 174
Anaerobic Respiration 176

138

143

147

147

169

Catabolism of Carbohydrates and Intracellular Reserve

Polymers 178
Carbohydrates 178
Reserve Polymers 178
Lipid Catabolism 178

Protein and Amino Acid Catabolism 179

Oxidation of Inorganic Molecules 179
Photosynthesis 182

The Light Reaction in Eucaryotes and Cyanobacteria

The Light Reaction in Green and Purple Bacteria

185



10 Metabolism: The Use of Energy

11

13

in Biosynthesis 190

Principles Governing Biosynthesis 191
The Photosynthetic Fixation of CO, 193
The Carboxylation Phase 193
The Reduction Phase 193
The Regeneration Phase 194
Synthesis of Sugars and Polysaccharides 194

The Assimilation of Inorganic Phosphorus, Sulfur, and Nitrogen

Phosphorus Assimilation 196
Sulfur Assimilation 196
Nitrogen Assimilation 197
Nitrogen Fixation 198

The Synthesis of Amino Acids 200

Anaplerotic Reactions 201

The Synthesis of Purines, Pyrimidines, and Nucleotides 203
Purine Biosynthesis 203
Pyrimidine Biosynthesis 204

Lipid Synthesis 204

Peptidoglycan Synthesis 206

Patterns of Cell Wall Formation 208

Metabolism: The Synthesis of Nucleic Acids

and Proteins 211

Nucleic Acid Structure 212
DNA Structure 213
RNA Structure 213
The Organization of DNA in Cells 213

PARTI | A

Contents

DNA Replication 216
Pattern of DNA Synthesis 217
Mechanism of DNA Replication 218

DNA Transcription or RNA Synthesis 221
Transcription in Procaryotes 222
Transcription in Eucaryotes 223

Protein Synthesis 226
Transfer RNA and Amino Acid Activation 226
The Ribosome 228
Initiation of Protein Synthesis 228
Elongation of the Polypeptide Chain 229
Termination of Protein Synthesis 232
Protein Folding and Splicing 232

12 Metabolism: Enzyme and Gene

Regulation 236

Metabolic Channeling 237

Control of Enzyme Activity 238
Allosteric Regulation 238
Covalent Modification of Enzymes 239
Feedback Inhibition 241

Regulation of mRNA Synthesis 242
Regulation by Sigma Factors 242
Induction and Repression 243
The Mechanism of Induction and Repression 243
Positive Operon Control and Catabolite Repression 245
Attenuation 248

Gene Regulation by Antisense RNA 250

Control of the Cell Cycle 250

Microbial Genetics

Microbial Genetics: General Principles 255

DNA as Genetic Material 256
The Genetic Code 258
Establishment of the Genetic Code 258
Organization of the Code 258
Gene Structure 258
Genes That Code for Proteins 260
Genes That Code for tRNA and rRNA 262
Mutations and Their Chemical Basis 262
Mutations and Mutagenesis 262
Spontaneous Mutations 264
Induced Mutations 265
The Expression of Mutations 265
Detection and Isolation of Mutants 269
Mutant Detection 269
Mutant Selection 269
Carcinogenicity Testing 271
DNA Repair 272
Excision Repair 272
Removal of Lesions 272
Postreplication Repair 273
Recombination Repair 273

Microbial Genetics: Recombination
and Plasmids 278

Bacterial Recombination: General Principles 279
Bacterial Plasmids 281

Fertility Factors 282

Resistance Factors 282

Col Plasmids 284

Other Types of Plasmids 284
Transposable Elements 285
Bacterial Conjugation 289

F* X F-Mating 290

Hfr Conjugation 290

F” Conjugation 290
DNA Transformation 290
Transduction 294

Generalized Transduction 295

Specialized Transduction 296
Mapping and Sequencing the Genome 298

Recombination and G Mapping in Viruses 305




15

16

17

19

Contents

Recombinant DNA Technology 310 Phage Vectors 324
Cosmids 325
Historical Perspectives 311 Artificial Chromosomes 325
Synthetic DNA 314 Inserting Genes into Eucaryotic Cells 326
The Polymerase Chain Reaction 315 Expression of Foreign Genes in Bacteria 326
Preparation of Recombinant DNA 318 Applications of Genetic Engineering 328
Isolating and Cloning Fragments 318 Medical Applications 328
Gene Probes 321 Industrial Applications 330
Isolating and Purifying Cloned DNA 323 Agricultural Applications 330
Cloning Vectors 324 Social Impact of Recombinant DNA Technology 330
Plasmids 324

PArT V
The Viruses

The Viruses: Introduction and General The Assembly of Phage Particles 363

Characteristics 33 Release of Phage Particles 364
5 Reproduction of RNA Phages 364

Early Development of Virology 336 Temperate Bacteriophages and Lysogeny 365

General Properties of Viruses 337
The Cultivation of Viruses 337 . .
Virus Purification and Assays 339 18 The Viruses:Viruses of Eucaryotes 372

Virus Purification 339 o .
Virus Assays 341 Classification of Animal Viruses 373

The Structure of Viruses 342 Reproduction of Animal Viruses 373
Virion Size 343 Adsorption of Virions 373

343 Penetration and Uncoating 376
Replication and Transcription in DNA Viruses 377
Replication and Transcription in RNA Viruses 378
Synthesis and Assembly of Virus Capsids 380
Virion Release 380

Cytocidal Infections and Cell Damage 381

Persistent, Latent, and Slow Virus Infections 383

Viruses and Cancer 383

Plant Viruses 384

General Structural Properties

Helical Capsids 344

Icosahedral Capsids 344

Nucleic Acids 346

Viral Envelopes and Enzymes 349

Viruses with Capsids of Complex Symmetry 349
Principles of Virus Taxonomy 352

The Viruses: Bacteriophages 356 Virion Morphology 384
Plant Virus Taxonomy 384
Classification of Bacteriophages 357 Plant Virus Reproduction 385
Reproduction of DNA Phages: The Lytic Cycle 357 Transmission of Plant Viruses 386
The One-Step Growth Experiment 358 Viruses of Fungi and Algae 387
Adsorption to the Host Cell and Penetration 359 Insect Viruses 387
Synthesis of Phage Nucleic Acids and Proteins 360 Viroids and Prions 388

ParT VI
The Diversity of the Microbial World

Microbial Taxonomy 393 Assessing Microbial Phylogeny 405
Molecular Chronometers 405
General Introduction and Overview 394 Phylogenetic Trees 405
Microbial Evolution and Diversity 395 rRNA, DNA, and Proteins as Indicators of Phylogeny 406
Taxonomic Ranks 397 The Major Divisions of Life 407
Classification Systems 398 Domains (Empires) 407
Phenetic Classification 398 Kingdoms 409
Numerical Taxonomy 398 Bergey's Manual of Systematic Bacteriology 411
Phylogenetic Classification 400 The First Edition of Bergey’s Manual of Systematic Bacteriology 411
Major Characteristics Used in Taxonomy 400 The Second Edition of Bergey’s Manual of Systematic
Classical Characteristics 400 Bacteriology 412

Molecular Characteristics 401 A Survey of Bacterial Phylogeny and Diversity 413



20

21

22

23

24

The Archaea 421

Introduction to the Archaea 422
Archaeal Cell Walls 422
Archaeal Lipids and Membranes 423
Genetics and Molecular Biology 423
Metabolism 425
Archaeal Taxonomy 425

Kingdom Crenarchaeota 428

Kingdom Euryarchaeota 429
The Methanogens 429
The Halobacteria 433
The Thermoplasms 433
The Thermococci 435

Bacteria: The Deinococci and Nonproteobacteria
Gram Negatives 438

Agquifex and the Thermotogas 439
The Deinococci 440
Photosynthetic Bacteria 440
The Chloroflexi 442
Chlorobia 443
Prochloron and Cyanobacteria 443
The Planctomycetes 449
The Spirochetes 450
The Bacteroides 453
The Sphingobacteria 454

458

Bacteria: The Proteobacteria

The a-Proteobacteria 459
The Purple Nonsulfur Bacteria 460
Rickettsia and Coxiella 460
The Caulobacteraceae and Hyphomicrobiaceae 461
Family Rhizobiaceae 464
Nitrifying Bacteria 465

The B-Proteobacteria 466
Order Neisseriales 467
Order Burkholderiales 468
Order Nitrosomonadaceae 469

The vy-Proteobacteria 470
The Purple Sulfur Bacteria 471
Order Thiotrichales 472
Order Methylococcales 473
Order Pseudomonadales 475
Order Vibrionales 475
Order Enterobacteriales 477
Order Pasteurellales 480

The 3-Proteobacteria 481
Order Desulfovibrionales 481
Order Myxococcales 482

The e-Proteobacteria 485

Bacteria: The Low G + C Gram Positives 488
Class Mollicutes (the Mycoplasmas) 490
Low G + C Gram-Positive Bacteria in Bergey's Manual 491
The Clostridia and Relatives 493
The Bacilli and Lactobacilli 495
Order Bacillales 495
Order Lactobacillales 497
Bacteria: The High G + C Gram Positives 506

General Properties of the Actinomycetes 507
High G + C Gram-Positive Bacteria in Bergey's Manual 509

25

26

27

Contents xi

Suborder Actinomycineae 511
Suborder Micrococcineae 512
Suborder Corynebacterineae 513
Suborder Micromonosporineae 514
Suborder Propionibacterineae 515
Suborder Streptomycineae 516
Suborder Streptosporangineae 517
Suborder Frankineae 518

Order Bifidobacteriales 519

The Fungi (Eumycota), Slime Molds,
and Water Molds 522

Distribution 524
Importance 524
Structure 524
Nutrition and Metabolism 527
Reproduction 528
Characteristics of the Fungal Divisions 530
Division Zygomycota 530
Division Ascomycota 530
Division Basidiomycota 534
Division Deuteromycota 534
Division Chytridomycota 534
Slime Molds and Water Molds 535
Division Myxomycota (Acellular Slime Molds) 535
Division Acrasiomycota (Cellular Slime Molds) 535
Division Oomycota 535

The Algae 540

Distribution of Algae 541
Classification of Algae 541
Ultrastructure cf the Algal Cell 542
Algal Nutrition 543
Structure of the Algal Thallus (Vegetative Form) 543
Algal Reproduction 543
Characteristics of the Algal Divisions 544
Chlorophyta (Green Algae) 544
Charophyta (Stoneworts/Brittleworts) 546
Euglenophyta (Euglenoids) 546
Chrysophyta (Golden-Brown and Yellow-Green Algae; Diatoms) 547
Phaeophyta (Brown Algae) 548
Rhodophyta (Red Algae) 548
Pyrrhophyta (Dinoflagellates) 549

The Protozoa 553

Distribution 554

Importance 554

Morphology 555

Nutrition 556

Encystment and Excystment 556

Locomotory Organelles 556

Reproduction 556

Classification 557

Representative Types 557
Phylum Sarcomastigophora 558
Phylum Labyrinthomorpha 561
Phylum Apicomplexa 561
Phylum Microspora 561
Phylum Ascetospora 562
Phylum Myxozoa 562
Phylum Ciliophora 562



