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Universal Phylogenetic Tree This tree is derived from comparative sequencing
of 16S or 18S ribosomal RNA. Note the three major domains of living organisms:
the Bacteria, the Archaea, and the Eukarva. The evolutionary distance between two
groups of organisms is proportional to the cumulative distance between the end

of the branch and the node that joins the two groups. See Sections 14.5-14.9 for
further information on ribosomal RNA-based phylogenies. The phylogenetic rela-
tionships depicted in this tree have been supported by several other genotypic and
phenotypic relationships. Data for the tree obtained from the Ribosomal Database
project http://rdp.cme.msu.edu




PHYLOGENY OF THE LIVING WORLD
BACTERIA

Flavobacteria

Phylogenetic Tree of Bacteria This tree is derived from 168 ribosomal RNA
sequences. At least 17 major groups of Bacteria can be defined as indicated. Many other
groups are known from environmental DNA but do not yet contain cultured representatives.
See Sections 14.5-14.9 for further information on ribosomal RNA-based phylogenies.
Data for the tree obtained from the Ribosomal Database project http://rdp.cme.msu.edu



A WEALTH OF ONLINE RESOURCES
AND TOOLS

The Microbiology Place Website

This companion website for Brock Biology of Microorganisms, Twelfth Edition
includes chapter guides, chapter quizzes, chapter practice tests, online tutorials,
animations with quizzes, videos, study tools (interactive flashcards and a glossary),
and an e-book. This greatly expanded website also includes a password-protected
Instructor’s Resource Section with a gradebook and other time-saving features.
www.microbiologyplace.com
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The CourseCompass™ Course Management System

CourseCompass™ combines the strength of the content of The Microbiology Place
companion website with state-of-the-art eLearning tools. CourseCompass™ is a
nationally hosted, dynamic, interactive online course management system powered
by Blackboard, the leading platform for web-based learning tools. This easy-to-use
and customizable program enables professors to tailor content and functionality
to meet individual course needs. The course includes all of the content found on
The Microbiology Place website together with the complete Test Bank and also
course management functionality (such as discussion boards).
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Your steps to success.

STEP 1: Register
All you need to get started is a valid email address and the access code below. To register, simply:
1. Go to www.microbiologyplace.com

2. Click the appropriate book cover.
Cover must match the textbook edition being used for your class.

. Click “Register” under “First-Time User?”
4. Leave “No, | Am a New User” selected.

. Using a coin, scratch off the silver coating below to reveal your access code.
Do not use a knife or other sharp object, which can damage the code.

. Enter your access code in lowercase or uppercase, without the dashes.

. Follow the on-screen instructions to complete registration.
During registration, you will establish a personal login name and password to use for logging
into the website. You will also be sent a registration confirmation email that contains your
login name and password.

Your Access Code is:

Note: If there is no silver foil covering the access code, it may already have been redeemed, and
therefore may no longer be valid. In that case, you can purchase access online using a major
credit card. To do so, go to www.microbiologyplace.com, click the cover of your textbook, click
"Buy Now”, and follow the on-screen instructions.

STEP 2: Log in

1. Go to www.microbiologyplace.com and click the appropriate book cover.

2. Under “Established User?” enter the login name and password that you created during regis-
tration. If unsure of this information, refer to your registration confirmation email.

3. Click “Log In”.

STEP 3: (Optional) Join a class

Instructors have the option of creating an online class for you to use with this website. If your
instructor decides to do this, you'll need to complete the following steps using the Class ID your
instructor provides you. By “joining a class,” you enable your instructor to view the scored results
of your work on the website in his or her online gradebook.

To join a class:

1. Log into the website. For instructions, see “STEP 2: Log in."”
2. Click “Join a Class” near the top right.

3. Enter your instructor’s “Class ID” and then click “Next”.

4.

At the Confirm Class page you will see your instructor’s name and class information. If this
information is correct, click “Next”.

5. Click “Enter Class Now"” from the Class Confirmation page.

* To confirm your enrollment in the class, check for your instructor and class name at the top
right of the page. You will be sent a class enrollment confirmation email.

¢ As you complete activities on the website from now through the class end date, your results
will post to your instructor’s gradebook, in addition to appearing in your personal view of the
Results Reporter.

To log into the class later, follow the instructions under “STEP 2: Log in.”
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For the latest updates on Site Requirements, go to
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Preface

he authors are proud to present the 12th edition of Brock

Biology of Microorganisms (BBOM 12/e). The roots of this
book go back nearly 40 years, but its main objective has never
wavered: to present the basic principles of microbiology in a
clear and exciting way. We hope that the 12th edition of what
is now a textbook classic continues in this vein and inspires a
new generation of microbiologists to choose careers in this
fascinating field.

Microbiology today places unusual demands on students
and instructors alike. It also places unusual demands on text-
book authors. The knowledge base in microbiology is simply
enormous, and as authors, our job is to describe the principles
along with a reasonable amount of supporting material. Thus,
to maintain the authority that users of this book have become
accustomed to, and also to keep the book within bounds, two

new coauthors have joined the BBOM author team. David

Clark, an expert in bacterial genetics and molecular biology
and the author of two popular textbooks in molecular biology,
has authored the chapters in BBOM that deal with these topics.
Paul Dunlap, an expert in bacterial systematics and microbial
evolution, has authored the microbial diversity and evolution
chapters. Madigan and Martinko have authored the remain-
ing chapters. Along with our publisher, Benjamin Cummings,
who took over this project midstream from Prentice Hall, we
feel we have produced a book that both students and instruc-
tors will find enticing and exciting. '

WHAT’S NEW IN THE
12TH EDITION?

Instructors who have taught from BBOM in the past will be
quite comfortable with this new edition. As usual, the chap-
ters are organized into modules by numbered head, which
allows instructors to build their courses as they see fit. In ad-
dition, study aids and review tools are an integral part of the
text. Our new MiniReviews feature, which debuts with the
12th edition, is intended to refresh students’ understanding
and challenge their mastery of the principles as they work
their way through a chapter. Also new to this edition is the lo-
cation of the newly-named Review of Key Terms feature,
which now summarizes a chapter’s key terms and comple-
ments the challenging review questions that form the heart of
the end-of-chapter review materials. A comprehensive glos-
sary and index wrap up the learning package.

All of these learning aids are displayed in a new, more
open design that gives the figures and other elements in the
book some breathing room and has allowed us to present the
material in a more visually appealing way. Supporting the nar-
rative is a spectacular illustration program, with every piece of
art revised as needed for content, clarity, or color contrast. The
distinctive illustrations are accurate and highly instructive. The

art complements (and in many cases integrates) the hundreds
of photos in this text, many of which are new to this edition.
Our Microbial Sidebars in BBOM 12/e are fun reads of en-
richment material related to chapter themes. Several new
Microbial Sidebars were written for this edition, including
“Microbial Growth in the Real World: Biofilms” (Chapter 6);
“Did Viruses Invent DNA?” (Chapter 10); “Mimivirus and Virus
Evolution” (Chapter 19); “Synthetic Biology and Bacterial
Photography” (Chapter 26); “Probiotics” (Chapter 28); “SARS
as an Example of Epidemiological Success” (Chapter 33);
“Special Pathogens and Viral Hemorrhagic. Fevers” (Chapter
35); and “Spinach and Escherichia coli 0157:H7” (Chapter 37).
Although the 12th edition is about the same length as the
11th edition, careful editing by the author team has allowed
several new chapters to debut in this edition. Chapter 8
(Archaeal and Eukaryotic Molecular Biology) focuses on the
molecular biology of Archaea and their relationships to eu-
karyotic cells. Chapter 12 (Genetic Engineering) describes the
tools that underlie the revolution in molecular biology. Chap-
ter 14 (Microbial Evolution and Systematics) is a fresh new
approach to issues surrounding the origin of life and micro-
bial evolution. Chapter 26 (Biotechnology) reviews the basic
science behind the biotech revolution and presents several
spectacular examples of the benefits of biotechnology to hu-
man medicine, and plant and animal agriculture. Chapter 30
(Immunology in Host Defense and Disease) pulls together
many of the applied aspects of immunology and shows how the
immune response keeps us healthy. Coupled with these new
chapters are many heavily reworked chapters. Readers will es-
pecially appreciate the more phylogenetic approach to the
systematics of both prokaryotes and eukaryotes in this new edi-
tion as well as the expanded ecology material that includes some
exciting and experimentally tractable microbial symbioses. Ma-
terial on microbial genomics has also been greatly updated to
reflect the pace and excitement of research in this area today.

CHAPTER-BY-CHAPTER
REVISIONS

BBOM 12/e is the textbook of microbiology for both the begin-
ning student and the seasoned researcher; it displays the
perfect mix of principles and details. Major topics include gen-
eral principles (structure/function, metabolism and growth),
molecular biology/genetics, genomics, evolution and microbial
diversity, metabolic diversity, microbial ecology, biotechnology
and industrial microbiology, control of microbial growth, basic
and applied immunology, and complete coverage of infectious
diseases organized by mode of transmission. In addition, BBOM
12/e maintains a theme of evolution and ecology from beginning
to end and is the only book that recognizes the importance and
unique biology of Archaea. See highlights as follows.



Vi Preface

Chapter 1

* New coverage on the antiquity and extent of microbial life
and on careers in microbiology

e Expanded coverage of the contributions of Louis Pasteur

Chapter 2

¢ Broad coverage of all forms of microscopy
* An updated snapshot of microbial diversity

Chapter 3

e The essentials of cell chemistry with an emphasis on what
students really need to know to understand how cells work

Chapter 4

e A streamlined chapter focused on the principles of
prokaryotic cell structure and function

Chapter 5

¢ New discussion on the chemical elements of life

e Major coverage of catabolic principles plus an overview of
essential anabolic reactions

* A new box entitled “The Products of Fermentation and
the Pasteur Effect” that ties together the concepts of fer-
mentation and respiration

Chapter 6
e Expanded coverage of cell division processes supported
by spectacular new art and color photos

¢ A new box entitled “Microbial Growth in the Real World:
Biofilms”

Chapter 7

¢ A substantially revised treatment that brings together the
essential principles of molecular biology in Escherichia
coli, the model species of Bacteria

Chapter 8 -
* A brand-new chapter that compares/contrasts the molec-
ular biology of Archaea with that of Eukarya and Bacteria
* A new box entitled “Inteins and Protein Splicing”

e Coverage of RNA interference (RNAi), research that gar-
nered a 2006 Nobel Prize

Chapter 9

* Major updates of the regulation of gene expression, one of
the hottest areas in microbiology today

e New material on negative and positive control, global
control, quorum sensing, gene regulation in Archaea, reg-
ulation of sporulation in Bacillus, the Caulobacter life
cycle, and RNA-based regulation

Chapter 10

e The essential principles of virology plus a snapshot of
viral diversity

e New coverage of subviral entities, including prions and
viroids

¢ An intriguing new box entitled “Did Viruses Invent DNA?”

Chapter 11

e A streamlined chapter that now deals exclusively with
bacterial genetics: chromosomes and plasmids, mutation,
and genetic exchange

e New coverage of genetic exchange in Archaea

Chapter 12

e A discussion of modern in vitro molecular methods,
molecular cloning, and genetic manipulations, all brought
together in one chapter as a prelude to genomics

Chapter 13

¢ Microbial genomics as we know it today. Coverage of
genome function and regulation, the evolution of genomes,
and the exciting field of metagenomics

Chapter 14

¢ New detailed coverage of the origin of life and endesymbiosis

e Expanded coverage of theoretical and analytical aspects
of molecular evolution and microbial phylogeny

Chapters 15-17

e Prokaryotic diversity presented in a phylogenetic context.
Chapter 15 covers all five subdivisions of Proteobacteria,
and Chapter 16 covers other well-studied lineages of
Bacteria. Chapter 17 updates the biology of Archaea.

e Spectacular photo- and electron micrographs that guide
the reader through the diversity of Bacteria and Archaea

¢ All bacterial names updated to the latest in nomenclatural
standards

Chapter 18

e A revised treatment of the cell biology and diversity of
microbial eukaryotes

e A truly phylogenetic rather than taxonomic treatment of
eukaryotic microbial diversity based on multiple gene and
protein analyses

Chapter 19

e Viral diversity from bacteriophages through animal and
plant viruses organized by replication mechanism

e An exciting new box focused on giant viruses entitled
“Mimivirus and Virus Evolution”



Chapters 20-21

¢ Coverage of metabolic diversity in two reorganized chap-
ters that group related processes: Chapter 20, phototrophy,
chemolithotrophy, and important biosyntheses; Chapter 21,
catabolism of organic compounds

%
e Coverage of new metabolic processes, such as proton
reduction as an anaerobic respiration and the mechanism
of anoxic hydrocarbon oxidation

Chapter 22

e All the latest methods in microbial ecology, including new
coverage of cutting-edge methods such as phylochips,
T-RFLP, and stable isotope probing

Chapter 23

¢ Principles of microbial ecology and descriptions of major
microbial habitats

e Expanded coverage of biofilms, including new photos of
the development of Pseudomonas aeruginosa biofilms

Chapter 24

* Microbial ecology with a focus on nutrient cycles, bio-
remediation, and microbial animal and plant symbioses

e New, richly illustrated coverage of the Aliivibrio—squid
symbiosis

Chapter 25
e The principles behind major commercial microbial
fermentations

¢ Expanded coverage of wine production

Chapter 26

¢ Biotechnology with the emphasis on products rather than
methods

¢ Expanded coverage of transgenic plants and animals

¢ A fascinating new box entitled “Synthetic Biology and
Bacterial Photography” that ties basic research into a
unique microbial application

Chapter 27

¢ An introduction to microbial growth control, in particu-
lar, antibiotics and their mode of action

¢ Expanded coverage of antibiotic resistance and infection
control

Chapter 28

e Revised treatment of the human normal flora based on
molecular microbial community analyses

¢ Expanded discussion of virulence factors using Salmonella
as an example and microbial toxins and toxin mechanisms

¢ A new box entitled “Probiotics” that answers the question:
Do live bacterial supplements really have any benefit?

Preface vii

Chapters 29-31

e The world of immunology: Chapter 29 (the essentials),
Chapter 30 (host defenses and applications), and Chap-
ter 31 (immune mechanisms at the molecular level). All
chapters are modular so that instructors can pick and
choose topics that work best in their courses.

e Major revisions to art in all of these chapters in order to
greatly improve consistency

Chapter 32 -

¢ A streamlined treatment of modern immunological and
molecular methods used in clinical diagnostics

Chapter 33

 Updates of the HIV-AIDS pandemic and other important
emerging infectious diseases

¢ A snapshot of the rapidly changing picture in healthcare-
associated disease and infection control

¢ A new box entitled “SARS as an Example of Epidemiolog-
ical Success” that connects SARS surveillance with the
control of other rapidly emerging diseases

Chapter 34

e Major human diseases organized by mode of transmission

¢ Updated and expanded coverage of streptococcal and
staphylococcal diseases and increased antibiotic resistance

e Expanded coverage of influenza and scenarios for a
pandemic
¢ A new section on human papillomavirus infection as a

preventable and treatable sexually transmitted disease
that can lead to cancer

Chapter 35

e An updated chronicle of the spread of West Nile virus
across the United States and the implications of this avian
disease for human health

* An exciting new box entitled “Special Pathogens and Viral
Hemorrhagic Fevers” that describes an important branch
of the U.S. Centers for Disease Control (CDC) that deals
with extremely dangerous pathogens

Chapter 36

¢ Expanded coverage of water quality assessment methods,
including current U.S. Environmental Protection Agency
standards

Chapter 37
e Discussion of “aseptic processing,” a new preservation
method in the food industry
e An update on Salmonella as a food pathogen

e A timely new box entitled “Spinach and Escherichia coli
0157:H7” that explores the transmission of this food
pathogen by plant as well as animal food products



Three new chapters focus on the rapidly developing fields of archaeal
and eukaryotic molecular biology, biotechnology, and immunology

in host defense and disease.

CHAPTER 8: ARCHAEAL AND EUKARYOTIC

MOLECULAR BIOLOGY

Molecular biology has revealed the three domains of life (Bacteria, Archaea,

and Eukarya) and given us an unprecedented snapshot of microbial evolution.
From a molecular perspective, cells of Archaea and Eukarya share much in
common. The all-new Chapter 8 is the first of its kind in a microbiology textbook
and compares and contrasts the molecular biology of these two domains with that
of Bacteria (Chapter 7). Together, Chapter 7 and the new Chapter 8 give students
the molecular background they need to understand microbiology today and to
appreciate the science behind photos such as the one here of telomeres on

eukaryotic chromosomes.

. Leading strand
Telomeric DNA

5'... — CEGET GEEET GEEE!
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Lagging strand
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@

First six base
extension
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down one extension

Repeat four times
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RNA primer 3

(b)

viii

(c)

Model for the activity of telomerase at one end of a
eukaryotic chromosome. (a) A diagram of the sequence of the end of
the DNA in a telomere, with four of the guanine-rich repeats and the
enzyme telomerase, which contains a short RNA template. (b) Steps in

rigure 8.9

elongation of the guanine-rich strand catalyzed by telomerase. After
telomerase finishes, the lagging strand can be primed with an RNA
primer by primase followed by completion of the lagging strand by
DNA polymerase and ligase. (c) A preparation of Hela cell chromosomes
stained with fluorescent dyes. The red dots are leading strand telomeres
and the green dots are lagging strand telomeres.

Jan Karlseder



CHAPTER 26: BIOTECHNOLOGY

The new Chapter 26 examines the advances in biotechnology
that have generated a host of new tools for molecular biology
and genomics as well as several important products for
human health. Biotechnology is yielding new perspectives on
genes and gene expression (see the fluorescent pig) and is
playing a greater role in the food we eat (see the transgenic
salmon).
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Figure 26.8 Transgenic animals. (a) A piglet (left) that has been ge-

netically engineered to express the green fluorescent protein and thus
fluoresces green under blue light. Control piglets are shown in the cen-
ter and right. (b) Fast-growing salmon. The AquAdvantage™ Salmon”
(top) was engineered by Aqua Bounty Technologies (St. Johns, New-
foundland, Canada). Both the transgenic and the control fish are 18
months old and weigh 4.5 kg and 1.2 kg, respectively.

Aqua Bounty Technologies

Shinn-Chih Wu

CHAPTER 30: IMMUNOLOGY IN
HOST DEFENSE AND DISEASE

Immunology is a major sub-discipline of microbiology, but
many instructors struggle to present the key concepts. The
new Chapter 30 is designed as an overview of immunology
with a focus on the applied aspects that all students need
to know: different forms of the immune response, principles
of immunization, and autoimmunity. Instructors will find
Chapter 30 to be the “one-stop shop” they need to teach
immunology.
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Figure 30.3 Antibody-mediated immunity. @ Antibody on B cells
binds to a pathogen. The B cell ingests, degrades, and processes the
pathogen. @ The B cell presents pathogen antigen to a Ty, cell, activat-
ing it to produce cytokines that in turn influence the B cell to develop
into a plasma cell. ® The plasma cell produces antibodies.



Hot topics draw students in to the chapters and introduce them to current issues
in microbiology. The number of hot topics has been increased in this edition.

Microbial Sidebars present enrichment material related to a chapter’s central theme.

BIOFILMS

Biofilms develop when bacterial cells attach and grow on
surfaces. They are associated with some human diseases,
such as cystic fibrosis. Exciting new coverage of biofilms
is included in Chapters 6 and 23 and is illustrated with
several spectacular photos.

INTEINS AND PROTEIN
SPLICING

Ehud Banin and E. Peter Greenberg

Figure 23.7 Biofilms of Pseudomonas aeruginosa.

—— .

Self-splicing RNAs (ribozymes) have a counterpart in
self-splicing proteins (inteins), found in all domains
of life. Find out the “what, why, and how" of inteins
in an exciting new Microbial Sidebar in Chapter 8.

DID VIRUSES INVENT DNA?

Primitive cells might have had RNA genomes. If so,
how did DNA come to be the genetic material of
all cells today? Discover the virus connection in this
intriguing new. Microbial Sidebar in Chapter 10.
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Unparalleled illustration and photo program gives students a clear and fascinating
view into the microbial world.

ILLUSTRATIONS

The cytoplasmic membrane with
its dense array of proteins comes
alive with spectacular art.
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Figure 4.5 Structure of the cytoplasmic membrane.

PHOTOMICROGRAPHS

The best photomicrographs of any microbiology textbook
are exemplified here by a cell of the protist Tetrahymena
stained to reveal special cellular structures.

Phylogenetic stains, used
here on a sewage sample,
give microbial ecologists
the power to both quantify
microorganisms in natural
samples and identify them
phylogenetically.

Rupal Thazhath and Jacek Gaertig
Michael Wagner and Jiri Snaidr

Figure 18.10 Tubulin of Tetrahymena thermophila. Figure 22.11 FISH analysis of sewage sludge.
Xi



The Microbiology Place Website is rich with media assets to ensure student success.

www.microbiologyplace.com

§ E-Book
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Chapter 1: Microorganisms and Microbiology
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» » Chapter Guide

Chapter Quizzes

CHAPTER GUIDE

Chapter Practice Test

Supplement copies of each component before paritioning them to divide and form two cells. (T/F?)

4. Cells exhibit communication. (T/F?)

R g Welcome to microbiology — the study of microorganisms. Microorganisms are single-celled microscopic organisms CHAP
e os foe and viruses, which are microscopic but not cellular. What is microbiology all about? Microbiology is about cells and .
I how they work, especially the bacteria, a large group of cells of enormous basic and practical importance Muitipl
i} Microbiology =Fill-in-
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with Quizzes : 1
. CHAPTER PRE-TEST Are You Ready? ;
Videos i 1. The diversity of microbial life far exceeds that of plants and animals. (T/F?)
Study Tools 2. The oxygen available for human respiration is the result of past microhial activity. CHAP
: IF? |
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Lab Manual 3. Acell can repair and replace its components as needed and accumulate multiple ! = Chapt

Scientific
American
Current Issues

INTRODUCTION TO MICROBIOLOGY
=1.1 Microbiology
*1.2 Microorganisms as Cells

Instructor
Resources

B Chapter Guides organize all chapter-specific activities and assessments on one page.

B Chapter Quizzes include multiple choice and fill-in-the-blank questions.

I Chapter Practice Tests assess students’ overall understanding of the chapter.

i Online Tutorials help students visualize key topics, processes, and techniques. They are
referenced throughout the chapters of the book and are based on the 35 Flash™-based
Brock Animations (that are also in the instructor's Media Manager for classroom presentation;
see next page).

I Microbiology Animations with Quizzes include 115 brief, Flash™-based animations that make

complex topics easy to understand. Each animation is accompanied by gradable quiz questions.
i. Flash™-based Videos present microbial life in action.

B Study Tools include flashcards and a glossary.

B Answers to the end-of-article questions in the Current Issues in Microbiology magazines,

co-published with Scientific American, support students’ exploration of current issues.

I The E-book is an electronic version of the complete book with useful study aids, such as an

annotation feature.

B A Gradebook tracks students’ grades and helps in assessing their progress.
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