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Nobel Prizes Awarded for Research in Microbiology

Date Scientist? Research Date Scientist? Research
1901 E. von Behring (GR) Diphtheria antitoxin 1977 R. Yalow (US) Development of the
1902 R. Ross (GB) Cause and transmission of malaria radioimmunoassay technique
1905 R. Koch (GR) Tuberculosis research
1907 C. Laveran (F) Role of protozoa in disease 1978 H. O. Smith (US) Discovery of restriction enzymes
1908 P. Ehrlich (GR) Work on immunity D. Nathans (US) and their application to the
E. Metchnikoff (R) W. Arber (SW) ‘ problems of mglecular gC!'le.tl.CS
1913 C. Richet (F) Waork on anaphylaxis 1980 B. Benlacerrsaf (Us) Dlscov§ry of the histocompatibility
1919 J. Bordet (B) Discoveries about immunity G. Snell (UF) antigens
1928 C. Nicolle (F) ‘Work on typhus fever :) l; ausset (F) Devel ¢ bi
1930 K. Landsteiner (US) Discovery of human blood groups - DErg (US) velopment of recom marft
. . . W. Gilbert (US) & DNA technology (Berg);
1939 G. Domagk (GR) Antibacterial effect of prontosil F. Sanger (GB) development of DNA
1945 A. Fleming (GB) Discovery of penicillin and its ’ sequencing techniques
E. B. Chain (GB) therapeutic value (Chemistry Prize)
H.W. F.l"rcy (AU) 1982 A.Klug {GB) Development of crystallographic
1951 M. Theiler (SA) Development of yellow fever electron microscopy and the
vaccine elucidation of the structure of
1952 S. A. Waksman (US) Discovery of streptomycin viruses and other nucleic-
1954 J. F. Enders (US) Cultivation of poliovirus in tissue acid-protein complexes
T. H. Weller (US) culture (Chemistry Prize)
F. Robbins (US) 1984 C. Milstein (GB) Development of the technique
1957 D. Bovet (I) Discovery of the first antihistamine G. J. E. Kohler (GR) for formation of monoclonal
1958 G. W. Beadle (US) Microbial genetics N. K. Jerne (D) antibodies (Milstein & Kohler);
£ L Taam ) e ok
J. Lederberg (US) L
1959 S. Ochoa (US) Discovery of enzymes catalyzing 1986 E. Ruska (GR) Development gf the transmission
AR . electron microscope
A. Kornberg (US) nucleic acid synthesis X .
. . . (Physics Prize)
1960 F. M. Burnet (AU) Discovery of acquired immune 1987 S. T o The genetic principle for
P. B. Medawar (GB) tolerance to tissue transplants - lonegawa ge neratiopn of a[:1 tibody
1962 F. H. C. Crick (GB) Discoveries concerning the givcrsity
J. D. Watson (US) structure of DNA 1988 J. Deisenhofer, R. Huber,  Crystallization and study of the
M. Wilkins (GB) . . . and H. Michel (GR) photosynthetic reaction center
1965 E. Jacob (F) Discoveries about the regulation from a bacterial membrane
A. Lwoff (F) of genes G. Elion (US) Development of drugs for the
J. Monod (F) G. Hitchings (US) treatment of cancer, malaria,
1966 F. P. Rous (US) Discovery of cancer viruses and viral infections
1968 R. W. Holley (US) Deciphering of the genetic code 1989 J. M. Bishop (US) Discovery of oncogenes
H. G. Khorana (US) H. E. Varmus (US)
M. W. Nirenberg (US) S. Altman (US) Discovery of catalytic RNA
1969 M. Delbriick (US) Discoveries concerning viruses T. R. Cech (US)
A.D. He.rshey (Us) and viral infection of cells 1993 K. B. Mullis (US) Invention of the polymerase chain
S. E. Luria (US) reaction
1972 G. Edelman (US) Research on the structure of M. Smith (US) Development of site-directed
R. Porter (GB) antibodies mutagenesis
1975 H. Temin (US) Discovery of RNA-dependent R. J. Roberts (US) Discovery of split genes
D. Baltimore (US) DNA synthesis by RNA P. A. Sharp (US)
R. Dulbecco (US) tumor viruses; reproduction 1996 P. C. Doherty (AU) Discovery of the mechanism by
of DINA tumor viruse R. M. Zinkernagel (SW) which T lymphocytes
1976 B. Blumberg (US) Mechanism for the origin and recognize virus-infected cells
D. C. Gajdusek (US) dissemination of hepatitis B 1997 S. Prusiner (US) Discovery of prions

virus; research on slow virus
infections

*The Nobel laureates were citizens of the following countries: Australia (AU), Belgium (B), Denmark (D), France (F), Germany (GR), Great Britain (GB), ltaly (I), Japan (J), Russia (R), South Africa (SA),
Switzerland (SW), and the United States (US).
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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.

—Barbara Tuchman

icrobiology is an exceptionally broad discipline encom-
M passing specialties as diverse as biochemistry, cell biol-

ogy, genetics, taxonomy, pathogenic bacteriology, food
and industrial microbiology, and ecology. A microbiologist must
be acquainted with many biological disciplines and with all major
groups of microorganisms: viruses, bacteria, fungi, algae, and pro-
tozoa. The key is balance. Students new to the subject need an in-
troduction to the whole before concentrating on those parts of
greatest interest 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 orientations
ranging from basic microbiology to medical and applied microbi-
ology. Students preparing for careers in medicine, dentistry, nurs-
ing, 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 L.

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 topics are
essential to microbiology and have been given more extensive
treatment.

The book is divided into 11 parts. The first 6 parts introduce the
foundations of microbiology: the development of microbiology, the
structure of microorganisms, microbial growth and its control, me-
tabolism, molecular biology and genetics, DNA technology and ge-
nomics, and the nature of viruses. Part Seven is a survey of the mi-
crobial world. In the fifth edition, the bacterial survey closely
follows the general organization of the forthcoming second edition
of Bergey’s Manual of Systematic Bacteriology. 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 introduction to their biology in chapters
25-27 is essential to understanding topics as diverse as clinical mi-
crobiology and microbial ecology. Part Eight focuses on the rela-
tionships of microorganisms to other organisms and the environ-
ment (microbial ecology). It also introduces aquatic and terrestrial
microbiology. Chapter 28 presents the general principles underlying
microbial ecology and environmental microbiology so that the sub-
sequent chapters on aquatic and terrestrial habitats can be used with-
out excessive redundancy. The chapter also describes various types

of microbial interactions such as mutualism, protocooperation, com-
mensalism, and predation that occur in the environment. Parts Nine
and Ten are concerned with pathogenicity, resistance, and disease.
The three chapters in Part Nine describe normal microbiota, non-
specific host resistance, the major aspects of the immune response,
and medical immunology. Part Ten first covers such essential topics
as microbial pathogenicity, antimicrobial chemotherapy, and epi-
demiology. Then chapters 38—40 survey the major human microbial
diseases. The disease survey is primarily organized taxonomically
on the chapter level; within each chapter diseases are covered ac-
cording to their mode of transmission. This approach provides flex-
ibility and allows the student easy access to information concerning
any disease of interest. The survey is not a simple catalog of diseases;
diseases are included because of their medical importance and their
ability to illuminate the basic principles of disease and resistance.
Part Eleven concludes the text with an introduction to food and in-
dustrial microbiology. Five appendices aid the student with a review
of some basic chemical concepts and with extra information about
important topics not completely covered in the text.

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 fifth
edition, every sentence was carefully checked for clarity and re-
vised when necessary. The American Society for Microbiology’s
ASM Style Manual conventions for nomenclature and abbrevia-
tions 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 de-
velopment in three ways: (1) no new term is used without being
clearly defined (often derivations also are given)—a student does
not have to be familiar with the terminology of microbiology 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-refer-
enced 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
many excellent color photographs have been used. Color not only
enhances the text’s attractiveness but also increases each figure’s
teaching effectiveness. Considerable effort has gone into making
the art as attractive and useful as possibie. Much of the art in the
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fourth edition has been revised and improved for use in the fifth
edition. All new line art has been produced under the direct super-
vision of an art editor and the authors, and designed to illustrate
and reinforce specific points in the text. Consequently every itlus-
tration is directly related to the narrative and specifically cited
where appropriate. Great care has been taken to position illustra-
tions as close as possible to the places where they are cited. Illus-
trations and captions have been reviewed for accuracy and clarity.

Themes in the Book

At least seven themes run through 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, cuiture, observe, and identify microorganisms

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

4. The importance of molecular biology for microbiology

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

W

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

What’s New in the Fifth Edition

Many substantial changes and improvements have been made in
the fifth edition, including the following:

1. The general organization of the text has been modified to
provide a more logical flow of topics and give greater
emphasis to microbial ecology. Treatment of nucleic acid and
protein synthesis has been moved to the genetics chapters to
integrate the discussion of gene structure, replication,
expression, and regulation. Recombinant DNA technology
has been moved to a separate section, which also contains a
new chapter on microbial genomics. The three-chapter
introduction to microbial ecology now follows the survey of
microbial diversity. This places it earlier in the text where
basic principles of microbiology are introduced. Part Nine
now contains a description of nonspecific host resistance as
well as an introduction to the fundamentals of immunology.
Symbiotic associations are discussed in the context of
microbial ecology. The treatment of microbial pathogenesis
has been expanded into a full chapter and placed with other
medical topics in Part Ten.

2. Pedagogical aids have been expanded. A new Critical
Thinking Questions section with two or more questions
follows the Questions for Thought and Review. Section
numbers have been given to all major chapter sections in

order to make cross references more precise. The summary
now contains boldfaced references to tables and figures that
will be useful in reviewing the chapter.

3. New illustrations have been added to almost every chapter.
In addition, all figures have been carefully reviewed by our
art editor, and many have been revised to improve their
appearance and usefulness.

4, Ali reference sections have been revised and updated.

Besides these broader changes in the text, every chapter has
been updated and often substantially revised. Some of the more
important improvements are the following:

Chapter 1—A box on molecular Koch’s postulates and a new
section on the future of microbiology have been added.

Chapter 2—Differential interference contrast microscopy and
confocal microscopy are described.

Chapter 3—More details on the mechanism of flagellar motion
are provided.

Chapter 5—Phosphate uptake and ABC transporters are
described.

Chapter 6—The chapter has new material on starvation
proteins, growth limitation by environmental factors, viable
but nonculturable procaryotes, and quorum sensing.

Chapter 8—The discussions of metabolic regulation and
control of enzyme activity have been combined with the
introduction to energy and enzymes.

Chapter 9—The metabolic overview has been rewritten to aid
in understanding. The sections on electron transport,
oxidative phosphorylation, and anaerobic respiration have
been updated and expanded.

Chapter 11—The chapter now focuses on nucleic acid and
gene structure, mutations, and DNA repair. New material
on DNA methylation has been added.

Chapter 12—Material on gene expression (transcription and
protein synthesis) has been moved here and combined with
an extensive discussion of the regulation of gene
expression. New sections on global regulatory systems and
two-component phosphorelay systems have been added.

Chapter 15— This new chapter provides a brief introduction to
microbial genomics, including genome sequencing,
bioinformatics, general characteristics of microbial
genomes, and functional genomics.

Chapter 18—Virus taxonomy has been updated and new life
cycle diagrams added.

Chapter 19—Material on polyphasic taxonomy and the effects
of horizontal gene transfer on phylogenetic trees has been
added. The introduction to the second edition of Bergey’s
Manual has been revised and updated.

Chapters 20-24—The procaryotic survey chapters have been
further revised to conform to the forthcoming second
edition of Bergey’s Manual.

Chapter 28—This chapter, formerly chapter 40, has been
substantially rewritten and now includes a treatment of
symbiosis and microbial interactions (e.g., mutualism,
protocooperation, commensalism, predation, amensalism,
competition, etc.). A discussion of microbial movement



between ecosystems has been added, and the treatment of
biofilms and microbial mats has been expanded.

Chapter 29—The chapter on microorganisms in aquatic
environments has new material on such topics as oxygen
fluxes in water, the microbial loop, Thiomargarita
namibiensis, microorganisms in freshwater ice, and current
drinking water standards.

Chapter 30—Microorganisms in cold moist area soils, desert soils,
and geologically heated hyperthermal soils are discussed. The
effects of nitrogen, phosphorus, and atmospheric gases on
plants and soils are described more extensively. There is a new
section on the subsurface biosphere.

Chapter 31—This reorganized chapter discusses normal
microbiota and nonspecific resistance. An overview of host
resistance; a discussion of the cells, tissues, and organs of
the immune system; an introduction to the alternative and
lectin complement pathways; and a summary of cytokine
properties and functions have been included.

Chapter 32—All aspects of specific immunity have been
moved to this chapter in order to provide a clearer and more
coherent discussion. The chapter contains an overview of
specific immunity, a discussion of antigens and antibodies,
T-cell and B-cell biology, a discussion of the action of
antibodies, the classical complement pathway, and a section
on acquired immune tolerance. It ends with a summary of
the role of antibodies and lymphocytes in resistance.

Chapter 33—The new chapter on medical immunology contains
topics more directly related to the practical aspects of health
and clinical microbiology: vaccines and immunizations,
immune disorders, and in vitro antigen-antibody interactions.
Previously these were scattered over three chapters. The
treatment of vaccines has been greatly expanded.

Chapter 34—The treatment of microbial pathogenicity has
been greatly enlarged and made into a separate chapter.
Several topics have been expanded or added: regulation of
bacterial virulence factors and pathogenicity islands, the
mechanisms of exotoxin action, and microbial mechanisms
for escaping host defenses.

Chapter 37—In the epidemiology chapter, the treatment of
emerging diseases has been expanded. New sections on
bioterrorism and the effect of global travel on health have
been added.

Chapters 38—40—The disease survey chapters have been
brought up-to-date, and bacterial diseases are now covered in
one chapter rather than two. New material has been added on
genital herpes, listeriosis, the use of clostridial toxins in
therapy, and other topics. A new table describing common
sexually transmitted diseases and their treatment is provided.

Chapter 41—New aspects of food microbiology include
discussions of modified atmosphere packaging, algal
toxins, bacteriocins as preservatives, new variant
Creutzfeldt-Jakob disease, food poisoning by uncocked
foods, new techniques in tracing outbreaks of food-related
diseases, and the use of probiotics in the diet.

Chapter 42—The chapter on industrial microbiology and
biotechnology has been revised to include current advances
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due to new molecular techniques. A section on developing
and choosing microorganisms for use in industry has been
added. Other topics that have been added or substantially
revised include the synthesis of products for medical use,
biodegradation of pesticides and other pollutants, the
addition of microorganisms to the environment, and the use
of microarray technology.

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 under-
stand 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 eas-
ily 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 princi-
ples of effective learning, including the SQ4R (survey, question,
read, revise, record, and review) study technique. Specific chap-
ter aids are described in the special Visual Preview section.

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 refer-
ences. Where desirable, phonetic pronunciations also are given.
Most of the glossary definitions have not been taken directly from
the text but have been rewritten to give the student further under-
standing of the item. To improve ease of use, the fifth edition has
alarge, detailed index. It has been carefully designed to make text
material more accessible. The appendices aid the student with ex-
tra review of chemical principles and metabolic pathways and
provide further details about the taxonomy of bacteria and
viruses. To aid the student in following the rapidly changing field
of procaryotic taxonomy, appendix III provides the classification
of procaryotes according to the first edition of Bergey's Manual
of Systematic Bacteriology, and appendix IV gives the classifica-
tion used by the upcoming second edition of Bergey’s Manual.

Supplementary Materials

Rich supplementary materials are available for students and in-
structors to assist learning and course management.

For the Student

1. A Student Study Guide by Linda
Sherwood of Montana State University
is a valuable resource that provides
learning objectives, study outlines,
learning activities, and self-testing
material to help students master course
content.

2. The Interactive E-TEXT available on CD-ROM in January
2002 includes all of Microbiology, Fifth Edition, as well as the
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Student Study Guide in an interactive electronic format. The e-
text includes animations and web links to enhance learning.
The third edition of Microbes in Motion by Gloria Delisle
and Lewis Tomalty is an interactive CD-ROM that brings
microbiology to life. A correlation guide on the CD links
this exciting resource directly to your textbook. This easy to
use tutorial can go from the classroom to the resource
center to students’ own personal computers. Microbes in
Mortion 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.
The second edition of Hyperclinic
by Lewis Tomalty and Gloria
Delisle is packed with over 100
case studies and over 200
pathogens supported with audio,
video, and interactive screens.
Students will have fun and gain
confidence as they learn valuable
concepts and gain practical
experience in clinical
microbiology.

The fifth edition of Laboratory
Exercises in Microbiology by
John P. Harley and Lansing M. Prescott has been
prepared to accompany the text. 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 fifth
edition contains recipes for all reagents and media. New
exercises in biotechnology have been added to this
edition. A new appendix provides practice in solving
dilution problems.

A set of 305 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.

HYPERCLINIC 2

For the Instructor

l.

A Testing CD is offered free on request to adopters of the
text. This cross-platform CD provides a database of over
2,500 objective questions for preparing exams and a grade-
recording program.

A set of 250 full-color acetate Transparencies is available to
supplement classroom lectures. These have been enhanced for
projection and are available to adopters of the fifth edition.
The Visual Resource Library CD-ROM contains virtually
all of the art and many of the photos from Microbiology,
Fifth Edition, as well as the tables that appear in the text.
This presentation software allows you to create your own

multimedia presentations or export images into other
programs. Images may be sorted by a number of criteria.
Features include an Interactive Slide Show and a Slide
Editor.

4. Asetof 50 Projection Slides provides clinical examples of
diseases and pathogens to supplement the illustrations in
the text.

5. Your McGraw-Hill representative may arrange a Customized
Laboratory Manual combining your own material with
exercises from Laboratoery Exercises in Microbiology, Fifth
Edition, by John P. Harley and Lansing M. Prescott. Contact
your McGraw-Hill representative for details about this
custom publishing service.

6. Designed specifically to help you with your individual
course needs, PageOQut, PageOut Lite, and McGraw-Hill
Course Solutions will assist s TR z
you in integrating your
syllabus with the fifth
edition’s state-of-the-art
media tools. Create your own
course-specific web page
supported by McGraw-Hill’s
extensive electronic resources, set up a class message
board or chat room online, provide online testing
opportunities for your students, and more!

Online Resources

Through the Prescott 2002 Online Learning Center, everything you
need for effective, interactive teaching and learning is at your fin-
gertips. Moreover, this vast McGraw-Hill resource is easily loaded
into course management systems such as WebCT or Blackboard.
Through the Online Learning Center, you will also link to McGraw-
Hill’'s new Biocourse.com site with

a huge dynamic array of resources
to supplement your learning experi-
ence in microbiology.

Some of the online features
you will find to support your use of
Microbiology by Prescott, Harley,
and Klein include the following.

For the Student;

* Additional multiple-choice questions in a self-quizzing
interactive format

« Electronic flashcards to review key vocabulary

* Study Outlines

e Web Links and Exercises

» Clinical Case Studies

« An Interactive Time Line detailing events and
highlighting personalities critical to the development of
microbiology

* Study Tips

» Student Tutorial Service



For the Instructor:

* A complete Instructor’s Manual and Test Item File
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* Images and tables from the text in a downloadable format

for classroom presentation.

written by David Mullin of Tulane University. The * Correlation guides for use of all resources available with
Instructor’s Manual contains chapter overviews and the text and correlations of text material with the ASM
objectives, correlation guides, and more. The Test Item Guidelines.

File containing over 2,500 questions, and password o Answers to Critical Thinking Questions in the text.
protected, provides a powerful instructional tool. + Web Links to active microbiology sites and to other sites

+ The Laboratory Resource Guide provides answers to all

with teaching resources.

exercises in Laboratory Exercises in Microbiology, Fifth * A Course Consultant to answer your specific

Edition, by John P. Harley and Lansing M. Prescott.
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microbiology.
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Chapter Summaries are a series of brief numbered statements
designed to serve more as a study guide than as a complete,
detailed summary of the chapter. Useful tables and figures are
cited in the summary.

Key Terms is a list of all boldfaced terms and 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.

Additional Readings 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 the research
literature. References through early 2001 have been included.
The reference sections 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.
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Review Questions appear in small boxes 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.

Numbered Headings identify each major topic and are used for
easy reference throughout the text and the accompanying
laboratory manual.

Patierns of DNA Synthesis

Watsan sl Crich published their description of DNA structure in
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cated, Two rephication forks move oulward from the ongin umtil
11.3  DNA Replication they have copied the whale replicon, that portion of the genome
that contains am origin and is replicaied as a unit. When the repli-
around the circle, o sracture shaped fike the

The replication of DNA is 1n extravndinarily imponant and com-
). Fimally, since the

plex pec s upon which all fife depends. We shall first dis- ) 15 formed (figare
cwss (he overall patiern of DNA synthesis and then examine the hacterial chios me is a single replicin, the forks meet on the
mechanism of DNA replication in grester dept other side and two separate chromasomes are released
s ¥
— Farerisd tl in )
A
Tk
— T N
B Rt}
S A > Peplication lorky
A Lo
Tooh— ¥
L2 L [or———— |
-c
— Ay T o
Q- -
L) a
— AT — T — -
A —fi - X
" —=Truf—
=] -0 [ 1
c <
-Ta ™A
punat Ry
G- 5 30
E) ¥ L} 4'
Paranial e New Parents -

Figare 1111 Bidirections! Replicativa, The ropicaton of 1 cocular
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Figure 323 The Gram-Negative Envelope

Muitimedia-Supported Ilustrations appear throughout the
text. To facilitate finding corresponding full-color video,
animations, or interactive screens from the third edition of
Microbes in Motion, a correlation guide is provided on the CD-
ROM, on the Student Online Learning Center, and in the
Student Study Guide.

Microbes in Motion, Third Edition, CD-ROM is organized into
18 topical “books,” the books are divided 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.

Figure 3.23 Bacterial Structure and Function Book Cell
Wall Chapter
Peptidoglycan Topic pp. 2-3
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Cross-Reference 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.

Normally a reference is to either a specific section number or a

page so that students can easily locate the item.

Boldfaced Terms are the important terms and are emphasized
and clearly defined when they are first used. Bold terms are

listed at the end of the chapter and most appear in the glossary,

rally occurring organic malecute that cannot be used by some mi
croorganism, Actinemycctes will degrade amyi alcohal, pasafting
and even rubber. Some bucternia seem able th emplay alinosy any-
thing as u curben sources for exsmple, Burkholdeeia cepavi van
uxe over 100 different carban compounds. In contrast 1o these
hacterial omnivanes. some bactersa e exceedingly dastidious and
catabolize only & few carbon compounds. Cuhures of meth-
ylorophic bagteria  metabalize. methane. muthanol,  curbon

RN ERE 97

electrons. Lithotrophs i1e.. “rock-caten”1 ue reduced inorganic
subngnees as Lheir vlectrun source, whereas drEanotrophs exit
clectons from organic compounds.  Meamembens b reatens
I 1952001 ORIdion of eganie and IIan. Akl (. 176051
Despite the great metbxobic diveraty seenin microorganisms,
most may be placed m one of Your nutritional classes hased an
their primary sources of carbon. energy. and clectrans (table 5.2)
The large majority of miroorganisma thus for studied are cither
i s o phic hetcrotrophs.

monoside, formic avid. and related one-carbon molecules. Para-
sitic Mesbers of the genus Leptospira use only long—chain faity
acids as thewr major source of carbon und cnergy.

It appear that in natural emvirosments complex populations of

v fien will mictabulize even relatively indigestibl

humian-maxde substances such as pesticides. Indigesiibic molecutes
sometimes are oxidized and degraded in the presence of @ growth-
pronkHing nutrient (hat is metabolizud at the sume Dme, & process
callead comerabolism. The prixtucts af this breakdown process can
then he used a nutrients by other microorganisms.  Degrdation and
Miron et (. XK

5.3 Nutritional Types of Microorganisms

in additson to the need for carbon. hydrogen. and oxygen. gll organ-
isms sequine sources of encrgy and clecirons for grwih 1o take phace.
Micmorganisms can he grouped anic pulritivnat cl baved on
hew they alisfy all these reguisements (table 5.5). We have wready
secn that microonitisis can he clussified t either hetenrophs or
autolrophs with respeet (o their prefermsd source of carbon, Thens ane
anty two sources of energy available 1o orpanisms: {1 light ereray.
and (2) the energry derived Trom oxidizing orgunic or iorganic mol-
ccules, Phototrophs use light as their cergy source; chemotrophs
obtain energy from the oxidation of chemical compounds (cithet or-
ganic or inorganie}. Microonzanisms wso have only two warves tor

‘Table 52  Major Nutritional Types of Microorganisms

F (ofien culled or
phoiclithoautotrophs) use light energy and have CO, ax their car-
bon source. Eucaryolic algae and evanobacieria employ water s
the ekectron donor and rekase oxygen. Purple and green swltar

Table 5.1  Sources of Carbon, Encrgy,
and

Electrons
Corbon Sowrcex
Autrophs €O sok or pakipal Dosythetx:
carhon sourte {pp. 207-81"
Helerotrophs. Reduced. poefonmed. orpanic
smwcuules rom vihcr ongamiams
tdapters Y and fO)
Soerry Sources
Protaraphs Light 1 pe 1952011
Chemetrophs Onidation of veganic o ionganis
i ¢ fwiprer Y1
Edectron Sources
Lihotrmphs R Mukey i
W
Cngartrophs Onganus moecules (chagtes ¥)
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Figure 163 The Ribalose- 1.S-Blsphosphate Carboxytese
Reaction. This cnzyme catafy res the addifion of carbon dioxide to
ribulone 1.5-bisphosphate, forming an enstablc intermediaie, which
Then tweahs & 10 TW0 molecules of 3-phosphoglycerate,

reduction. and regencration. An overview of the cycle is given in fig-
ure 0.4 and the detaily are presented in appendix i

The Carboxylation Phase

Carbon dioxide fixation is sccomplished by the enzyme ribulose
15 rboxvk tulnchisphosoh

onygenase (rubsco) (figure 10.3), which catalyzes the addition
of €O, to ribulise 1.5-bisphosphate (RuBP). forming o mote-
cules of 3-phosphoglycerate (PGA)

The Reduction Phase

After PGA is formed by carboxylation, it is reduced 1o glycer-
aldehyde 3-phosphate. The reduction, carried out by two en-
Zymies. is exsentially a reversal of a gortion of the glycolytic path-
way. although the gly yde 3-phosg

differs from the glycolytic enzyme in using NADP™ rather than
NAD " (ftgure 10.4).

The Regenerution Phase

The third phase of the Calvin cycle regencrates RuBP and pro-
duces carbohydrites sueh as gl A fruc-
1ose. and glucose ¢figure 10.4). This portion of the cycle is simi-
lar W the pentose phosphate pathway and imvolves the
transketukase and transaldolase reactions. The cycle is completed
when phosphoribalokinase reforms RuBP.

To fructose 6 or glucose

Figure 104 The Calvin Cycle. This i 0 overview of the cacle
with only the carboxylation and reduction phases i detil. Thete
sibulose |.5-bisphosphates are carboxylaied to give six
3-phosphoglycerates it the curhoxylation phase. Thee arc converted
to six glyceraldehyde 3-phosphates. which can be converted 10
dihydrosyacetone phosphaic (BHAP). Five of the six trioses

from CO,. the cycle must operate <ix 1imes to vield ihe desired
hexose and reform the six RuBP malecules,
6GRuBP » 6CO, 11PGA -
6RuBP - fructose 6-P
The incomoration of one COy info organic matcrial requires three
ATPS and two NADPH. The formation of ghaese trom €O, may
he summarized by the follow ing equation.
6CO. + 18ATP « 12NADPH + [2H" + 12H.O
gluose - (BADP + INF, = 1INADP®

phosphate and are used
1o refornt three ribulase ).5-disphosphates in the rgenenstion phase.
The remaining trioss is used in biosyniesis.

ATP and NADPH are provided by phatosynihetic light reactions
o by oxidation of inorganic molecules in chemoautotraphs. Sug-
ars formied in the Calvin cycle can ther be used to synthesize
other essential molecules.
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New Figures and Tables have been added to this edition that
summarize complex information in a concise presentation.

All Figure and Table References appear in bold type within
the text for easy correlation between text and visual support
elements.




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 effi-
ciently. But even a text with many learning aids is not effective
unless used properly. Thus this section briefly outlines some prac-
tical study skills that will help ensure success in microbiology and
make your use of this textbook more productive. Many of you al-
ready 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 stu-~
dent 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 accom-
plished. 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 possi-
ble, always study in the same place and use it only for studying.
In this way you will be mentally prepared to study when you are
at your desk. This location may be in the dorm, the library, a spe-
cial 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 accomplished if you re-
ally study during your designated study times.

Making the Most of Lectures

Attendance at lectures is essential for success. Students who chroni-
cally miss classes usually do not do well. To gain the most from lec-
tures, it is best to read any relevant text material beforehand. Be pre-
pared to concentrate during lectures; do not simply sit back passively
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 abbre-
viations 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. Diagrams, lists, and terms writ-
ten on the board are almost always important, as is anything the in-
structor clearly emphasizes by tone of voice. Feel free to ask ques-
tions during class when you don’t understand something or wish the
instructor to pursue a point further. Remember that if you don’t un-
derstand, it is very likely that others in the class don'’t either but sim-
ply aren’t willing to show their confusion. As soon as possible after
a lecture, carefully review your notes to be certain that they are com-
plete 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 emphasize the most important points with
a highlighter 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 shouid be very carefully and conscientiously used. Many
years ago Francis P. Robinson developed a very effective study tech-
nique called SQ3R (survey, question, read, recite, and review). More
recently L. L. Thistlethwaite and N. K. Snouffer have slightly mod-
ified it to yield the SQ4R approach (survey, question, read, revise,
record, and review). This latter approach is summarized here:

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.

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.
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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.

Our website (www.mhhe.com/prescott5) contains many
useful study aids. For example, the Student Center has more study
tips, chapter overviews and outlines with links, flash cards,
quizzes, a tutorial service, microbiology web links, clinical case
studies, a Microbiology in the News page, and a correlation guide
to the Microbes in Motion program.

For more useful study aids visit www.mhhe.com/prescotts.



