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BROCK

BIOLOGY OF MICROORGANISMS

Michael T. Madigan dedicates this book to four individuals who depart-
ed this life in 2001. First, my mother Myrtle (February 28, 2001); she was a lov-
ing mother who raised a good family and encouraged me to go to college at a
rather critical stage in my upbringing. Second, Charles Maas (the Colonel)
(March 8, 2001), my best friend for over 35 years; oh how I wish you could
have enjoyed those retirement years that we dreamed about over a beer on
more than one occasion. Third, my father-in-law Bart Spear (June 29, 2001); a
man of so many talents who left behind so many good memories. And final-
ly, King, the wonder horse (November 9, 2001); his spirit and zest for life were
inspirational to everyone who knew him. I miss all of you guys a lot.

“Wishing you were somehow here again; wishing you were somehow near.
Sometimes it seemed, if I just dreamed, somehow you would be here.”
Christine Daaé, The Phantom of the Opera, Act 11, Scene 5.

John M. Martinko dedicates this book to his mother, Lottie Martinko.
Lottie has shared with me, and all of her children, the most important les-
sons of a successful life. Her unflagging optimism, good humor, critical
insights, common sense, and especially her persistence, continue to be an
inspiration and a guide. Thank you for your guiding example and gentle
encouragement for over a half of a century.

Jack Parker dedicates this book to his mother, Ruth M. Parker, and to the
memory of his father, Hayden John Parker.
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BROCK BIOLOGY OF MICROORGANISMS

New Organization

The Tenth Edition is completely reorganized into six units that group chapters
together within a major theme, allowing you to easily relate thematic coverage
to core materials and to the goals of your course. This edition also features seven

new chapters

NEW! Unit | forms the

heart of the general micro- ~ |,

biology course as envi-
sioned by the Education

Division of the ASM.

NEW! Chapter 2 provides/ 2.

an early overview of 3

microbial diversity. 4
57

Chapter 9 emphasizes the
core concepts of virolo-
gy. (Chapter 16 explores
viral diversity in more
detail.)

Chapter 10 was rewritten
to better reflect bacterial
genetics as it is actual- (),
ly practiced today— I
a blend of in vivo and i
in vitro science.

NEW! Chapter 15 covers 11
the essentials of the
microbial genomics
projects, from bacteria 12:
to yeast. 13}

14.
NEW! Chapter 16 allows

instructors to easily 15
choose those viral

examples they wish to 16.
emphasize as a supple-

ment to the essentials I

material in Chapter 9.

WL
NEW! Chapter 18 ~~_

emphasizes methods. 18.

Vi

PRINCIPLES OF
MICROBIOLOGY

1. Microorganisms and Microbiology

An Overview of Microbial Life
Macromolecules

. Cell Structure/Function

Nutrition, Laboratory Culture,
and Metabolism of Microorganisms

6. Microbial Growth
7. Principles of Microbial Molecular

Biology

8. Regulation of Gene Expression
9. Essentials of Virology

Bacterial Genetics
EVOLUTIONARY MICROBIOL-
OGY AND MICROBIAL
DIVERSITY

. Microbial Evolution and

Systematics

Prokaryotic Diversity: Bacteria
Prokaryotic Diversity:

The Archaea

Eukaryotic Cell Biology and
Eukaryotic Microorganisms

. Microbial Genomics

Bacterial, Plant, and Animal
Viruses

. METABOLIC DIVERSITY AND

MICROBIAL ECOLOGY
Metabolic Diversity
Methods in Microbial Ecology

19.

20.
21.
22.
23;
24.

45!

26.

27

28.

29.

30.

32

Microbial Habitats, Nutrient
Cycles, and Interactions with
Plants and Animals

IMMUNOLOGY,
PATHOGENICITY, AND
HOST RESPONSES

Microbial Growth Control
Human—Microbe Interactions
Essentials of Immunology
Molecular Immunology
Clinical Microbiology and
Immunology

MICROBIAL DISEASES
Epidemiology
Person-to-Person Microbial
Diseases

Animal-Transmitted, Arthropod-

Transmitted, and Soilborne
Microbial Diseases

Wastewater Treatment, Water

Purification, and Waterborne
Microbial Diseases

Food Preservation and Foodborne

Microbial Diseases

~——Chapter 19 covers

habitats and microbial
ecology without including
material on methods.

NEW! Two new chapters
on immunology: Chapter
22 covers the essentials
and Chapter 23 covers
the molecular details.

Chapter 24 includes
expanded coverage of
immunoassays.

Coverage of diseases
now spans five chapters
instead of two.

NEW! Three new chapters
on these important topics
in microbiology.

MICROORGANISMS AS

TOOLS FOR INDUSTRY

AND RESEARCH

Industrial Microbiology/ ghapters 30 :f_'dte':hh?"e
: : een grouped into their

Blocataly31s 7 own unit to better reflect

Genetic Engineering
and Biotechnology

their common goals and
contrast their industrial
production methods.



Section Numbers keyed to page
numbers provides easy reference points.

New “Superheads”
effectively organize
chapter contents.

The working glossary is
the students’ guide to the
language of microbiology.
Understanding these
terms is key to mastery of

the concepts in the
chapter.

more
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WORKING GLOSSARY

Activation energy the energy required to
bring substrates to the reactive state

Aerobe a microorganism able to use O, in
respiration

Anabolism the sum total of all biosynthet-
ic reactions in the cell

Anaerobe a microorganism that either can
or must grow in the absence of O,

Aseptic technique the series of manipu-
lations used to prevent contamination
during the handling of sterile objects or
microbial cultures

ATP synthase [ATPase) A multiprotein en-

zyme complex embedded in the membrane

that catalyzes the synthesis of ATP coupled

to dissipation of the proton motive force

Autotroph an organism capable of biosyn-

thesizing all cell material fgo e

Coenzyme a small nonprotein molecule
that participates in a catalytic reaction as
part of an enzyme

Complex medium a culture medium com-
posed of digests of chemically undefined
substances such as yeast and meat extracts

Culture medium an aqueous solution of
various nutrients suitable for the growth
of microorganisms

Defined medium a culture medium
whose precise chemical composition is
known

Electron acceptor a substance that can
accept electrons from some other sub-
stance, thereby becoming reduced in the
process

Electron donor a substa

nce that can do;

Glycolysis a biochemical pathway in which
glucose is fermented yielding energy (ATP)
and various fermentation products. Also
called the Embden-Meyerhof pathway

Oxidative phosphorylation the produc-
tion of ATP at the expense of a proton mo-
tive force formed by electron transport

Photophosphorylation the production of
ATP from a proton motive force formed
from photosynthetic reactions

Proton motive force an energized state
of the membrane resulting from the sepa-
ration of charge and the elements of water
(H* versus OH") across the membrane

Pure culture a culture that contains a sin-
gle kind of microorganism

Reductfon potential (E,’) the jnherent
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608 ® Chapter 17 ® METABOLIC DIVERSITY
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The exceptional art program has been
thoroughly reviewed and adjusted to
maximize its impact and clarity.

David A. Stahl

Jiri Snaidr

(b)

T Interesting scientific asides in boxed
inserts—Techniques and Application
boxes describe methods in microbiology
and their application in the real world;
Learning from the Past boxes describe
historical developments in microbiology
and their implications today; A Focus On
boxes address text topics in greater detail.
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Completely redesigned
graphs facilitate student
comprehension.

152 m Chapter 6 = MICROBIAL GROWTH

The maximum growth temperature of a given organ-
ismmost likely reflects the inactivation of one or more key
proteins in the cell. However, the factors controlling an or-
ganism’s minimum growth temperature are not as clear. As
mentioned earlier (%% Section 4.5), the cytoplasmic mem-
brane must be in a uid state for proper functioning, Per-
haps the minimum temperature of an organism results
from “freezing” of the cytoplasmic membrane so it no
longer functions properly in nutrient transport or proton
gradient formation. This explanation is supported by ex-
periments in which the minimum temperature for an or-
ganism is altered to some extent by adjustments in
membrane lipid composition (see Section 6.9). Tt is also ob-
served that the cardinal temperatures of different microor-
ganisms differ widely; some organisms have temperature
optima as low as 4°C and some higher than 100°C. The tem-
perature range throughout which growth occurs is even
wider than this, from below freezing to greater than boil-
ing. (The arch Pyrolobus fumarii has a p max-
imum of 113°C!) However, no single organism can grow
over this whole temperature range, and the typical range
for any given organism is about 30", although some have
a broader temperature range than others.

Temp Cl: of O

Although there is a continuum of organisms, from those
with very low temperature optima to those with high tem-
perature optima, it is possible to broadly distinguish four
groups of microorganisms in relation to their temperature
optima: psychrophiles, with low optima,

P P

\ philes, with midrangs p optima, therm-~

Example:
Escherichia coli

T
39"

Growth rate

Polaromonas vacuolata

xample:
Bacillus stearothermaphilus

ophiles, with high temp optima, and hypertt
ophiles, with very high temperature optima (Figure 6.17).
Mesophiles are found in warm-blooded animals and in
terrestrial and aquatic environments in temperate and
tropical latitudes. Psychrophiles and th philes are
found in unusually cold and unusually hot environments,
respectively. Hyperthermophiles are found in extremely
hot habitats such as hot springs, geysers, and deep-sea
hydrothermal vents (see Sections 6.10 and 19.8).

In Escherichia coli, a typical mesophile, a detailed
study of growth as a function of temperature has pre-
cisely defined its cardinal temperatures. The optimum
temperature of E. coli in a complex medium is 39°C, the
maximum is 48°C, and the minimum is 8°C. These values
are subject to slight strain differences, and in general, the

i and minif p supporting
growth of an organism are higher and lower, respective-
ly, when tested in complex rather than defined media.

/6.8 Concept Check

p is a major envi factor g mi-
crobial growth. The cardinal temperatures describe the mini-
mum, optimum, and maxi at which each

organism grows. Microorganisms can be grouped by the tem-
perature ranges they require.

7/ What are the cardinal temp for
Escherichia coli? To what temp lass docs it belong?
7 How does a hyp phile differ from a i

¥ Escherichia coli can grow at a higher temperature in a com-
plex medium than in a defined medium. Why?

30 40 50

Temperature (°C)

60 70

EETOETHRA Retation of temperature to growth rates of a typical

hyperthermophiles. The temperature optima of the example organisms are shown on the graph.

atypical ile, a typical and twa different

Concept Checks summarize each section and provide quiz questions so students can
evaluate their understanding as they progress through the chapter.

/
v 6.8 Concept Check

Temperature is a major environmental factor controlling mi-
crobial growth. The cardinal temperatures describe the mini-
mum, optimum, and maximum temperatures at which each
organism grows. Microorganisms can be grouped by the tem-
perature ranges they require.

v What are the approximate cardinal temperatures for
Escherichia coli? To what temperature class does it belong?

v How does a hyperthermophile differ from a psychrophile?

v Escherichia coli can grow at a higher temperature in a com-
plex medium than in a defined medium. Why?
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7.2 ® DNA STRUCTURE: THE DOUBLE HELIX ® 171

called exons, and the intervening noncoding regions,
introns. Both intron and exon regions are transcribed
into the primary transcript, or pre-mRNA, and the
functional mRNA is subsequently formed by removal
of noncoding regions. A summary contrasting genet-
ic phenomena in prokaryotes and eukaryotes is given
in Figure 7.2.

v/ 7.1 Concept Check

The three key p of macromolecular sy is are DNA
replication; transcription, the synthesis of RNA from a DNA
] Jati hesis of proteins using mes-

F and the sy
senger RNA as template. Although the basic processes are the
same in both prokaryotes and eukaryotes, the organization of
genetic information is more complex in eukaryotes. Many eu-
karyotic genes have both coding regions (exons) and noncod-
ing regions (introns).

¥ What three informational macromolecules are involved
in genetic information flow?

¥ In all cells there are three processes involved in genetic
information flow. What are they?

Il DNA STRUCTURE

We dealt with the general structure of nucleic acids in
Chapter 3. In the next few sections of this chapter we
shall discuss the details of DNA structure necessary for
an understanding of molecular genetics and the types
of genetic elements containing DNA that are found in
cells. With this information as a basis, we can then dis-
cuss how DNA is replicated, transcribed into RNA, and
translated into protein.

mpm Structure: The Double Helix

The genetic information for all cellular processes is
stored in DNA in the sequence of bases along the polynu-
cleotide chain. As we have noted, only four different nu-
cleic acid bases are found in DNA: adenine (A), guanine
(G), cytosine (C), and thymine (T). As already shown in
Figure 3.11, the backbone of the DNA chain consists of
alternating units of phosphate and the sugar deoxyribose;
connected to each sugar is one of the nucleic acid bases.
Recall especially the numbering system for the positions
of sugar and base; the phosphate connecting two sug-
ars spans from the 3"-carbon of one sugar to the 5
carbon of the adjacent sugar (see Figure 7.14). At one
end of the DNA molecule the sugar has a phosphate on
the 5”-hydroxyl, whereas at the other end the sugar has
a free hydroxyl at the 3"-position.

Backbone ~ Backbone

Backbone ~"

Specific pairing between adenine (A) and thymine m
and between guanine (G) and cytosine (C) via hydrogen bonds. These
two base pairs are the base pairs typically found in double-stranded
DNA. Atoms that are found in the major groove of the double helix
and that interact with proteins are highlighted in red. The deoxyribose
phosphate backbones of the two strands of DNA are also indicated.

DNA as a Double Helix

As we will discuss in Chapter 9, the chromosomes of some
viruses are single-stranded. In all cellular organism chro-
mosomes, however, DNA exists as two polynucleotide
strands whose base sequences are complementary. The
complementarity of DNA arises because of the specific
pairing of the purine and pyrimidine bases: Adenine al-
ways pairs with thymine, and guanine always pairs with
cytosine (Figure 7.3). The two strands in the resulting
double-stranded molecule are arranged in an antiparallel
fashion (see Figure 7.4). This means the two strands are in
a "head-to-toe” arrangement. In Figure 7.4 the strand on
the left is arranged 5” to 3" top to bottom, whereas the
other strand is 5" to 3’ bottom to top. The two strands are
wrapped around each other forming a double helix
(Figure 7.5). In this double helix, DNA forms two distinct
grooves, the major groove and the minor groove. Of the
many proteins that interact specifically with DNA (as we
shall see in Chapter 8), most engage predominantly with
the major groove, where there is a considerable amount of
space. Because of the regularity of the double helix, some
atoms of the bases are always exposed in the major groove
(and some in the minor groove). Atoms in the major
groove that are known to be important in interactions
with proteins are shown in Figure 7.3.

The size of a DNA molecule can be expressed in
terms of its molecular weight, but because a single nu-
cleotide has a molecular weight of about 330, and be-
cause DNA molecules are many nucleotides long, the
molecular weight mounts up rapidly. (The nucleic acid in

INA Strichure
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Media Tutorials available on the
Companion Web Site are indicated
by icons next to key figures.

Media Tutorials consist of
animations, interactive exercises,
review quizzes, links to important
web sites, and much more.
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Complete Instructor Package

The Instructor Resource CD will contain PowerPoint presentations as well as an
image bank of all illustrations and most of the photographs in the text along with
the Instructor’s Manual & Test Item File, and reproduction of the student’s
Companion Web Site.
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Prelace

Microbiology is a biological science that has effective-
ly wedded the old and the new. Some of the basic tech-
niques of microbiology discovered over 100 years
ago—the isolation of pure cultures, for example—are
still practiced with regularity in the laboratory today.
But today’s microbiologists are also armed with so-
phisticated tools that facilitate detailed molecular
analyses of microbial cells. These tools have fueled new
discoveries that are thrusting microbiology into the
limelight of disciplines as diverse as medicine, agri-
culture, and ecology. It is within this exciting period in
microbiology that we present the tenth edition of Brock
Biology of Microorganisms (BBOM), a textbook of micro-
biology that blends fundamental principles (the old)
with state-of-the-art science (the new) in a format that
will appeal to both students and instructors.

What’s New?

Organization

This edition of BBOM contains many new organization-
al features that will help students better master the ma-
terial and help instructors prepare stimulating
presentations for the classroom. First, the book has been
extensively reorganized into six major units: (1) Principles
of Microbiology; (2) Evolutionary Microbiology and Mi-
crobial Diversity; (3) Metabolic Diversity and Microbial
Ecology; (4) Immunology, Pathogenicity, and Host Re-
sponses; (5) Microbial Diseases; and (6) Microorganisms
as Tools for Industry and Research. Each unit consists of
several chapters whose content define the themes. Unit
1, The Principles, forms the heart of the general microbi-
ology course as currently envisioned by the Education
Division of the American Society for Microbiology
(ASM); in other words, Unit 1 is the “core” material that
every student should know. Included for the first time in
this unit is an overview chapter (Chapter 2) on microbial
diversity that introduces the major groups of microor-
ganisms and their evolutionary relationships. This chap-
ter will allow instructors who emphasize the medical or
molecular aspects of microbiology the opportunity to
give their students a taste of microbial diversity without
the details. This chapter also covers some of the basic as-
pects of cell structure/function and is written in such a
way that only a minimal background in chemistry and
biology is necessary to follow the story.

Other chapters that have been revamped in Unit 1
include Chapters 9 and 10. Compared with previous
editions of BBOM, Chapter 9 (Essentials of Virology)
has been restructured and downsized to place empha-
sis on the essential concepts of virology, instead of viral
diversity. The latter material still exists, however, in the

new Chapter 16 (Bacterial, Plant and Animal Viruses),
for those instructors who wish to explore viral diversi-
ty in more detail. Another substantially reorganized
chapter is Chapter 10, Bacterial Genetics. This chapter
has been rewritten from two major standpoints, mi-
crobial genetics as it occurs in the intact organism (in
vivo) and microbial genetics as it is practiced in vitro.
To accomplish the latter, some material from the
biotechnology chapter has been reworked and moved
to this new chapter on genetics. Thus, Chapter 10 bet-
ter reflects bacterial genetics as it is actually practiced
today—a blend of in vivo and in vitro science.

As has been a tradition with BBOM, the material
in each chapter is broken into several numbered heads to
assist instructors in assigning reading material. But in
addition, in parallel to the unit concept that pervades
organization at the level of the entire book, the num-
bered heads within a chapter are themselves grouped
into major themes. The latter are signaled by red head-
ings set in all caps, and were introduced in this edition
to better group related material within a chapter into
logical pieces.

In summary then, the tenth edition of BBOM is or-
ganized to capture and distill the basics while deploy-
ing the full story of the science at those points where it
will have maximum impact. The authors and publish-
ers are confident that this new format will make BBOM
10/e an even stronger resource for students and in-
structors alike.

Content

Every three years the authors of this book face one
major question: how do we add new material and still
keep the book within bounds? Longtime users of
BBOM will immediately recognize that the tenth edi-
tion is essentially no longer than the ninth. This feat
was accomplished by balancing the needs of the new
material with a careful reevaluation of the old. Nothing
essential to a fundamental understanding of microbi-
ology has been deleted from BBOM; the tenth edition
is still a book built on basic principles and strong sci-
ence. But streamlining of some chapters along with a
first-class art program has given the authors the space
necessary to paint an up-to-the-minute picture of the
science of microbiology in a volume that does not re-
quire weight training to lift off the table.

Several totally new chapters will be found in
BBOM 10/e. The new overview of microbial diversity
chapter (Chapter 2) and the viral diversity chapter
(Chapter 16) have already been mentioned in this
regard. Also new to this edition are Chapter 15
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(Microbial Genomics); Chapter 18 (Methods in Mi-
crobial Ecology); Chapter 22 (Essentials of Immunol-
ogy); Chapter 23 (Molecular Immunology); Chapter
27 (Animal-Transmitted, Arthropod-Transmitted, and
Soilborne Microbial Diseases); Chapter 28 (Waste-
water Treatment, Water Purification, and Waterborne
Microbial Diseases); and Chapter 29 (Food Preserva-
tion and Foodborne Microbial Diseases). All of these
areas are “hot topics” in microbiology today and
needed increased visibility and expanded coverage.
These new chapters should accomplish just that.

The genomic revolution has transformed microbi-
ology into a new science almost overnight. For the first
time, scientists can inspect, almost in a routine fashion
now, the entire genetic blueprint of a microorganism,
and then compare the blueprint with those of other or-
ganisms, from viruses to humans. Genomics has re-
vealed the great genetic unity and diversity of living
organisms and has opened the door to new advance-
ments in every discipline of biology. And combined
with proteomic analyses, scientists can now ask so-
phisticated questions about gene expression in ways
never before possible. Chapter 15 in BBOM 10/e tells
the genomic story, but goes well beyond just listing or-
ganisms whose genomes have been sequenced. The
chapter explains what genomics is, how the reams of
DNA sequence data that are being generated can be
used, and what the genomic revolution has revealed
thus far in terms of both the genomic and proteomic
capacities of key microorganisms.

The new chapters in immunology were written to
provide both the basics and the details of this important
science. Chapter 22 (Essentials of Immunology) pres-
ents the basic principles of immunology without delv-
ing into too much detail. This chapter should therefore
be a very student-friendly and readily teachable over-
view of immunology. We reserve the molecular details
of immunology for the rather short Chapter 23. This
chapter places the essentials material (Chapter 22) with-
in a molecular context for those students and instruc-
tors whose background and interests support the study
of immunology at this level. In Chapter 24 (Clinical Mi-
crobiology and Immunology) we have expanded our
coverage of immunoassays to include more informa-
tion about the basic mechanisms behind precipitation,
agglutination, and antibody production. For those in-
structors who teach immunology only as a diagnostic
or investigative tool, we have also included a very short
summary of immune principles here. Thus, with the
material on immunology organized as it is, the science
of immunology can be integrated into introductory mi-
crobiology classes at all levels.

The new chapters in medical microbiology are ex-
pansions of this material originally covered in only two

chapters in previous editions. This has given the authors
the opportunity to develop this important material in a
more thorough way. And in this day and age where
foodborne and waterborne illnesses are major public
health problems (even in developed countries), and new
threats to health and security, such as bioterroism, are a
fact of life, the unit on medical microbiology and im-
munology will be both a source of basic principles and
a reference for keeping up with events in the news.

In summary, long-time users of BBOM will find the
tenth edition to be the reliable friend they’ve always
known. New users will find it to be the most current,
accurate, and complete coverage of microbiology avail-
able in a textbook today. Coupled with an excellent set
of teaching aids (see below) BBOM 10/e should set the
standard in the field for years to come.

Pedagogical Aids

Art and photos are the mainstay of any textbook in
the biological sciences. And frankly speaking, we
think BBOM 10/e has the best in the business in both
regards. The art program has once again been deliv-
ered by Imagineering of Toronto, Canada. Virtually
every piece of art has seen some modification in order
to maximize its impact and clarity. Some stylistic im-
provements have also been introduced into the art
program, including a beautiful new rendering of all
graphs in the book. High quality photos and pho-
tomicrographs have been a mainstay in Biology of Mi-
croorganisms since the first edition appeared in 1970,
and BBOM 10/e proudly carries on this tradition with
the inclusion of nearly 50 new B&W and color pho-
tos. And, as usual, these photos have been supplied
by top researchers in the field.

BBOM 10/e once again employs a variety of student
study aids to weave together the concepts and strength-
en the learning experience. Instead of placing summa-
ry and quiz material only at the end of a chapter (as
many textbooks like to do), BBOM 10/e contains two
review tools—concept checks and concept links—built
right into each chapter. Each Concept Check consists of
a short summary of the material in the previous num-
bered head along with a short series of questions that
together, reviews the major points in that section.
Concept Links (signaled by the blue link icon, <) are
the ties between the current text and related material
found elsewhere in the book. In addition, readers will
find the popular Working Glossary—a dictionary of
essential terms—at the opening of each chapter. The
Working Glossary is the student’s lifeline to the lan-
guage of microbiology, an understanding of which is a
key to mastering the concepts. Finally, and as in previ-
ous editions, the end of each chapter contains a num-
ber of review and application questions, many new to
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this edition; the questions are designed to probe a stu-
dent’s retention of important concepts and ability to
solve problems.

Supplements

A number of supplements accompany this book. Total-
ly new to the tenth edition of BBOM are a series of on-
line media tutorials that are found in the Companion
Website (www.prenhall.com/brock). These cover a num-
ber of conceptually challenging topics in microbiology,
including basic processes in molecular biology, genetics,
medical microbiology and immunology, and microbial
metabolism. These unique instructional resources in-
clude animations, interactive exercises, and self-quizzes,
and will be a major supporting feature for the material
in Unit I of BBOM 10/e, the heart of the introductory
course in microbiology.

These tutorials are designed to guide students’ un-
derstanding of various fundamental concepts through
animations, interactive exercises, and self-assessment.
Each concept that is the subject of an Online Media Tu-
torial is identified by an icon similar to the one in the
margin next to this paragraph, placed alongside the rel-
evant figure in the text. Also on the website are addi-
tional materials for each chapter along with the popular
Virtual Exam, first introduced with BBOM 9/e. The Vir-
tual Exam is a large pool of questions (written in an ob-
jective format, multiple choice, true-false, matching,
and the like) keyed to individual chapters that students
can use as a resource to help prepare for their real
exams in the classroom. Virtual Exam questions have
been assembled from actual examinations given in in-
troductory microbiology courses in the United States
that assign BBOM as a textbook. With the Virtual Exam,
students can take an exam online and receive instant
feedback on their readiness for exam day.

A variety of supplements are available for instruc-
tors. First, a set of over 350 Full Color Transparencies,
far more than is available with any other textbook of mi-
crobiology, accompany every adoption of BBOM 10/e.
Although computer lectures are becoming the norm in
many classrooms, the transparency is still the visual aid
workhorse for many instructors. To help instructors in
this regard, all of the most teachable figures in the book
are covered in the transparency set. Second, a first-rate
Instructor’s Resource CD-ROM is available that contains
virtually all of the art and photos from BBOM 10/e in Mi-
crosoft PowerPoint® to assist instructors in tailoring
computer presentations to the goals and objectives of
their particular course. In addition, all of the animations
and exercises that appear on the student website will be
on the Instructor’s Resource CD-ROM. Whether one
uses transparencies or CD-ROMs, the BBOM 10/e in-
structor package offers all of the necessary tools for de-

veloping clear, compelling, and stimulating presenta-
tions for the classroom.
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