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PHYLOGENY OF THE LIVING WORLD-OVERVIEW
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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
Eukarya. 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 11.5-11.9 for further
information on ribosomal RNA-based phylogenies. The phylogenetic
relationships 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
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PHYLOGENETIC TREE OF BACTERIA. This tree is derived from 16S
ribosomal RNA sequences. At least 17 major groups of Bacteria can be
defined as indicated. See Sections 11.5-11.9 for further information on
ribosomal RNA-based phylogenies. Data for the tree obtained from the
Ribosomal Database project http://rdp.cme.msu.edu
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MICHAEL T. MADIGAN dedicates this book to the two old friends
pictured with him below: Willie (left) and Plum (right). For the past 11 years
these wonderful animals have given me
the comfort and companionship that
only a dog lover could understand.
Willie is, and always has been, the
paragon of a sweet dog. Plum (deceased
April 16, 2004), by contrast, was your
basic junkyard dog. But in reality, she
had a heart of gold and loved people,
and our paths never crossed that she
wasn'’t thrilled to see me. Rest in peace

amigo.

JOHN M. MARTINKO dedicates this book to his students, past and
present. The best students continually present problems from new perspectives,
inspiring me to not only teach, but to expand my knowledge and enhance my
understanding. To all who I'have had the pleasure to teach, thank you for teach-
ing me!
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Each edition creates an opportunity to clarify concepts through the graphics, and BBOM has the
most exceptional Illustration Program in microbiology. Students rely on graphics more each
year, and BBOM remains dedicated to providing figures, photos and tables that are not only
visually engaging, but focused on helping students to better understand the material. ¥
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A Geared toward today’s visual learners, hundreds of
graphics in the 11th edition have been completely
redesigned and improved upon to provide greater
depth and realism.
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Wherever possible, techniques and processes include photomicro-
graphs that link abstract representations to biological reality. - P
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COMPREHENSION

The Working Glossary is
the students’ guide to the
language of microbiology.
By beginning each chapter
with the glossary, students
can more easily master
terminology and increase
their understanding of key
concepts. p

—© 1.7 Concept Check

Beijerinck and Winogradsky studied bacteria in soil and
water and developed the enrichment culture technique for
the isolation of representatives of various physiological
groups. Major new concepts in microbiology emerged during
this period, including enrichment cultures, chemolithotro-
phy, chemoautotrophy, and nitrogen fixation.

WORKING GLOSSARY

VBacterlophage a virus that infects prokary-

otic cells

Early protedn a protein synt‘hesnzed soon
after vmzs inEgchm

Late p pr hesized toward
the end of virus infection

Lysogen a bacterium containing a prophage
Lysogenic pathway a series of steps that,
after virus infection, lead to a state (lysoge-
ny) where the viral genome is replicated as
a prophage along with that of the host
Lytic pathway a series of steps after virus
infection that leads to virus replication
and the destruction (lysis) of the host cell
Minus (negative)-strand virus a virus
with an RNA genome in which the RNA
strand has the opposite sense of (is com-
plementary to) the mRNA of the virus
Nucleocapsid the complex of nucleic acid

Oncogene a gene whose expression causes
formation of a tumor

Plaque a zone of lysis or cell inhibition
caused by virus infection of a lawn of sen-
sitive cells

Plus (positive)-strand virus a virus with
an RNA or DNA genome in which the
genome has the same complementarity as
the mRNA of the virus

Prion an infectious protein whose extracel-
lular form contains no nucleic acid

Provirus (prophage) the genome of a tem-
perate virus when it is replicating with,
and usually integrated into, the host chro-
mosome

Retrovirus a virus whose RNA genome
has a DNA intermediate as part of its
replication cycle

Reverse transcription the process of copy-
ing information found in RNA into DNA

by the enzyme reverse transcriptase

Temperate virus a virus whose genome is
able to replicate along with that of its host
and not cause cell death in a state called
lysogeny

Transformation in eukaryotes, a process by
which a normal cell becomes a cancer cell
(but see alternative usage in Chapter 10)

Virion the complete virus particle; the nu-
cleic acid surrounded by a protein coat
and in some cases other material

Virulent virus a virus that lyses or kills the
host cell after infection; a nontemperate
virus

Virus a genetic element containing either
RNA or DNA that replicates in cells but is
characterized by having an extracellular
state

Viroid small, circular, single-stranded RNA
that causes various plant diseases

and proteins of a virus

4 What is the enrichment culture technique?

# In examining Figure 1.16, describe why sulfur oxidation
and nitrification are considered chemolithotrophic
processes while nitrogen fixation is not. (Hint: Look at
the reactions involving ATP in each case.)

the narrative.

Microbial Sidebars replace the
boxed inserts. These illustrated
vignettes were designed and
written to be interesting, timely
and related to each chapter’s

central theme. P

<« Concept Checks encourage students to stop and assess their
understanding of key concepts before moving on. A new
“stop sign” icon indicates when a concept check appears in

Microbial Sidebar -«

RNA Editing

n Chapters 7 and 14 we saw that cer-

u tain genes have coding regions that

are split by noncoding regions called

introns. Typically, introns are removed after

transcription to form a mature mRNA, a

process called splicing (&= Section 14.8). In-

, there is a | on found in

the genomes of organelles that is almost the
opposite of splicing: RNA editing.

RNA editing involves either the insertion
or deletion of nucleotides into the final mRNA
that were not present in the DNA transcribed.
Editing can also involve the chemical
modification of a base in the mRNA that
changes it from one base to another. In either
case, RNA editing can alter codons in such a
way that one or more different amino acids
are inserted in a polypeptide than those en-
coded by its gene.

In the mitochondria of trypanosomes and

_ related protozoa (0% Section 14.10) some

mitochondrial transcripts are edited such that

* large numbers (hundreds in some cases) of

uridylates are added or, more rarely, deleted.
An example of this type of RNA editing is
shown in Figure 1®. RNA editing is precisely
controlled by short sequences present in the
mRNA that “guide” the enzymes involved in
their specific edits. Obviously this process
must be very precisely controlled. Inserting

too many or too few bases would yield a
frameshift product that would likely be non-
functional.

The other type of RNA editing, the changing
of one base into another, is common in the mi-
tochondria and chloroplasts of higher plants. At
specific sites in some mRNAs, a C will be con-
verted to a U by oxidative deamination (the op-
posite modification is more rare). There are at
least 25 sites of C to U conversion in the maize
chloroplast. Although mostly found in organel-
lar genomes, an example of the programmed
conversion of a C to a U is also known for a
mammalian nuclear gene. Depending on the lo-
cation of the edit, a new codon may be formed,
leading to formation of a protein sequence not
predictable from the gene that encodes it.

Protein
mRNA
DNA

RNA editing, although a curious phenom-
enon, was not a significant obstacle in ana-
lyzing organellar genomes. This is because
the number of proteins they encode is small
and the proteins highly conserved. By con-
trast, had RNA editing been a widespread
phenomenon in cells, genomic annotations
and the identification of orthologous genes in
different organisms could have been an even
more formidable challenge than it has been
to date.

The function and origin of RNA editing is
unknown. But some scientists have pointed out
that this process may be yet another remnant,
along with ribozymes (O Section 14.8)
and other catalytic RNAs, of the RNA World

(o= Section 11.2).
=

C C AAAAGG  TCC Bl

Figure 1 RNA editing. The upper part of the figure shows a portion of the amino acid sequence of subunit Il
of the enzyme cytochrome oxidase from the protozoan Trypanosoma brucei (9% Section 14.10). This protein is
encoded by mitochondria. Beneath the amino acid sequence, the sequence of the messenger RNA (mRNA) for

this region is shown. The bases in

letters are those

from the gene, which is shown below.

The bases in the mRNA in lowercase have been inserted into the transcript by RNA editing. Although the DNA
has many informational gaps, there are no actual gaps in the molecule itself. The spaces between the base pairs

are simply to aid in visualization.
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NAVIGATION

MICROORGANISMS AND
MICROBIOLOGY

| INTRODUCTION TO MICROBIOLOGY

L1 Microbiology

1.2 Microorganisms as Cells

1.3 Microorganisms and Their Natural Environments
1.4 The Impact of Microorganisms on Humans

4 Section Numbers keyed to page references
provide an easy way to assign readings as
well as an organized outline for students to

Il PATHWAYS OF DISCOVERY IN review and take notes.
MICROBIOLOGY 2

o e Www (W

1.5 The Historical Roots of Microbiology: Hooke,

van Leeuwenhoek, and Cohn
1.6 Pasteur, Koch, and Pure Cultures 11
1.7 Microbial Diversity and the Rise of

General Microbiology 16
1.8 The Modern Era of Microbiology 12

Microorganisms are
microscopic and
independently living cells
that, like humans, live in
communities.

rier that seParates the m51d.e from the out§1de called the « Figure Reference Locators occur next to key figure refer-
cytoplasmic membrane (Figure 2.1e). It is through the ences in the narrative. Requested by students, these red

cytoplasmic membrane that nutrients and Othf’r sub- dots help them study more effectively by allowing them
stances needed by the cell enter, and waste materials and to qu]ckly return to the narrative after Viewing a ﬁgure,

other cell products exit. Within a cell, and bounded by
the cytoplasmic membrane, is a complex mixture of sub-

In a typical Winogradsky column a mixture of or-
ganisms develops. Algae and cyanobacteria appear
| quickly in the upper portions of the water column; by
producing O, these organisms help to keep this zone

Concept Links, signaled with a blue chain link (&=), alert oxic. Decomposition processes in the mud lead to the
students that a concept is related to material from other areas production of organic acids, alcohols, and Hj, suitable
of the text. Each link refers students to a section number for substrates for sulfate-reducing bacteria (¢= Sections
quickly reviewing the related material, helping them to con- 12.18, 13.7, 17.15, and 19.13). Sulfide from the sulfate
tinually make connections between concepts. » | reducers triggers development of purple and green

sulfur bacteria (anoxygenic phototrophs, & Sections
12.2 and 12.32) that use sulfide as a photosynthetic
electron donor. These organisms typically appear in
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INSTRUCTOR RESOURCE CENTER CD/DVD

Instructor Resource Center on CD/DVD (0-13-144340-2)

The multi-disc IRC on CD/DVD package offers everything an
instructor needs to prepare and present lectures. Easy-to-use
menus and exporting functions enable you to locate resources
and build presentations efficiently. IRC on CD/DVD resources
include:

¢ JPEG files of all drawings, photos, and tables from the text
optimized for projection purposes

* JPEG files of all text figures and tables in comprehensive
PowerPoint® presentations for each chapter

* A second set of PowerPoint® presentations consisting of
lecture notes and key figures for each chapter

* ALL NEW Instructor Animations adding depth and clarity
to key topics, dynamic processes, and techniques described
in the 11th Edition

* A comprehensive set of CRS/In-Class questions

e Word files of the Instrutor's Manual and the assessment
materials including the Test Bank

¢ Printable PDF files of a Media Integration Guide describing
each chapters media offerings

COMPANION WEBSITE

Home > Macromolecules > Online Study Guide > Review Question

Chapter 3: Online Study Guide
Review Question 2

Hydrophobic interactions are important in maintaining [Hint]

O the structure of the cytoplasmic membrane.
© interactions between proteins in multisubunit enzymes.
© protein structure.

© all of the above.

? ‘Submit Answer for Grading |

Companion Website
www.prenhall.com/madigan

Valuable study tools to aid student comprehension of the 11th
Edition are offered on the Companion Website. Features in-
clude:

® Online Study Guide provides a focused section-by-section
review of topic coverage featuring summaries, key illustra-
tions, and review questions

® “Track Your Progress” tool helps students get a better sense
of where to focus study time shows them how successful
their efforts have been

* ALL NEW Web Tutorials help students visualize key topics,
processes, and techniques



ANIMATION RESOURCES
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Instructor Animation and Student Web Tutorial topics:

Pasteur’s Experiment

Koch'’s Postulates

The Gram Stain

The Prokaryotic Flagellum

Aseptic Transfer and the Streak Plate Method

Direct Microscopic Counting Procedure (Petroff-Hausser
Chamber)

DNA Replication

The Polymerase Chain Reaction (PCR)

Transcription

Translation

Enzyme Regulation

Negative Control of Transcription and the lac Operon

Attenuation and the Tryptophan Operon

A Temperate Bacteriophage

The Molecular Basis for Mutations

Replica Plating

The Molecular Basis for Mutations

Generating Phylogenetic Trees from RNA Sequences

Cell Division in Conventional, Budding, and Stalked Bacteria

Bacteriorhodopsin and Light-Mediated ATP Synthesis

Life Cycle and Mating Type Switching in a Typical Yeast

DNA Chips

Replication of Poliovirus

Electron Transport Processes: Aerobic and Anaerobic
Conditions

Enrichment Cultures

Serial Dilutions and a Most-Probable Number Analysis

OTHER RESOURCES

STOP | NEXT L e e r e

Some of the colonies are
surrounded by zones of growth
inhibition. The zones of

Lawn of bacteria

d

antibiotic-producing organisms.

Root Nodule Bacteria and Symbiosis with Legumes
Antibiotic Modes of Action

Diphtheria and Cholera Toxins

Antigen Presentation

Producing Monoclonal Antibodies

The ELISA Test

HIV Replication

Life Cycle of the Malaria Parasite

Isolation and Screening of Antibiotic Producers
Production of Recombinant Vaccinia Virus

Instructor’s Resource Manual with Tests (0-13-144342-9)
This manual and test bank contains over 2000 questions an
instructor can use to prepare exams. This resource also pro-
vides chapter summaries as well as the answers to the end of
chapter review and application questions.

Test Gen EQ Computerized Testing Software (0-13-144337-2)
In addition to the printed volume, the test questions are
available as part of the Test Gen EQ Testing Software, a text
specific testing program that is networkable for administering
tests. It also allows instructors to view and edit questions,
export the questions as tests, and print them out in a variety
of formats.

Transparencies (0-13-144341-0)

400 figures from the text are included in this transparency
package. The font sizes of the labels have been increased for
easy viewing from the back of the classroom.

Research Navigator www.researchnavigator.com

Prentice Hall's Research Navigator™ gives your students ac-
cess to the most current information available for a wide array
of subjects via EBSCO's Content Select™ Academic Journal
Database, The New York Times Search by Subject Archive,

"Best of the Web" Link Library, and information on the latest
news and current events. This valuable tool helps students
find the most useful articles and journals, cite sources, and
write effective papers for research assignments.

SafariX Textbooks Online is an O
exciting new choice for students

-
looking to save money. As an sa'arIX

s

alternative to purchasing the print |
textbook, students can subscribe | TEWNE

to the same content online and 5

save up to 50% off the suggested list price of the print text.
With a SafariX WebBook, students can search the text, make
notes online, print out reading assignments that incorporate
lecture notes, and bookmark important passages for later
review. For more information, or to subscribe to the

SafariX WebBook, visit www.safarix.com.

Course Management

Prentice Hall offers all of the instructor and student media for
the 11th Edition through your preferred course management
platform. For details visit http:/ /cms.prenhall.com.



We are living in the age of microbiology. Almost daily
come reports of new discoveries in this exciting science—
new emerging infections, new organisms, and new tools
to facilitate discovery. Such is the pace of the science of
microbiology today. And here to bring you the up-to-the-
minute picture of microbiology today is the eleventh edi-
tion of Brock Biology of Microorganisms (BBOM)

This textbook has roots going back over 35 years. Since
the publication of the first edition of Biology of Microorgan-
isms by Thomas D. Brock (Prentice Hall, 1970), this book
has had a single mission: to present the principles of mi-
crobiology within the framework of modern science.
BBOM 11/e maintains this tradition, and speaks with the
same accuracy and authority of the previous ten editions.

Microbiology today places unusual demands on stu-
dents and instructors alike. The amount of information
is enormous, the background required in supporting sci-
ences is significant, and introductory classes in microbi-
ology are bursting at the seams. The authors of BBOM
11/e are keenly aware of these problems and have
worked hard to craft a textbook of microbiology where
the principles stand up and shout, the details are com-
plementary, and the supporting concepts are well inte-
grated. We hope you will agree.

What's New in the 11" Edition?

Those who have taught from BBOM in the past will find
the new edition the same old friend they knew before.
However, instructors will find BBOM 11/e more teach-
able, and students will find it a more invaluable learning
resource, than ever before.

BBOM 11/e is pedagogically geared towards today’s
visual learner. The design of BBOM 11/e starts where the
tenth edition left off, but charts new ground in terms of
presentation, use of color, and art. The chapters are or-
ganized around the logical and helpful numbered outline
system, present in this book from the first edition. But we
have now organized each chapter into several blocks of
related information, integrating the concepts into more
digestible bites. As usual, a working glossary—the stu-
dent’s dictionary of essential terms—opens each chapter,
to bring the language of microbiology where it needs to
be, up front and center. Concept checks remain and are
now signaled by a bright red “stop sign!” Concept checks
signal the student to stop, review, and assess, before pro-
ceeding to the next concept. As usual, challenging review
and application study questions are present at the end of
each chapter. A comprehensive glossary and index in the
back of the book, wrap up the package.

Traditional “boxed” material is presented in BBOM
11/e in our new Microbial Sidebars. These richly illustrated
vignettes were designed and written to be “fun reads” of

enrichment material related to a chapter’s central theme.
Tables have been completely redesigned in BBOM 11/e to
make the information in them easier to follow and better
organized. Since a science like microbiology relies heavi-
ly on tabular resources, the new table design should be a
winner with both students and instructors alike. Many
other pedagogically useful features will make them-
selves obvious to the reader as s/he proceeds through
this book. These include more distinctive heads, an eye-
catching red dot icon that leads the reader’s eye from
text to figures and back again, and review questions
keyed to section number. The latter will make it easier
for students to refresh their memories before answering
each question.

Pervading the entire book is a spectacular art pro-
gram, with every piece of art redone by a new art studio.
The result is brighter, more distinctive art, which is also
more colorful, appealing, impeccably consistent, and in-
structive than ever before. Moreover, the use for the first
time of a high quality, glossy paper in the eleventh edi-
tion, has brought out the best in the outstanding pho-
tomicrographs and other photos that have been a
tradition in this book since the first edition. Users will
quickly recognize new pedagogical aids, such as our
“energy arrows,” built right into the art. Cellular reac-
tions that produce or consume ATP are often key ones.
Energy arrows—bright red wavy arrows—signal these
reactions and bring them to a student’s attention.

Although BBOM 11/e is actually shorter than the pre-
vious edition, it contains substantial new content. In-
deed, new material can be found in every chapter and
we give only a taste of what’s in store here: Toxic Forms
of Oxygen (Chapter 6); Diversity of Sigma Factors, Con-
sensus Sequences, and Other RNA Polymerases
(Chapter 7); The Stringent Response (Chapter 8); RNA
Regulation and Riboswitches (Chapter 8); Sub-Viral Par-
ticles (Chapter 9); The Carbon and Energy Metabolism of
Primitive Life Forms (Chapter 11); The Biology of
Nanoarchaeum (Chapter 13); RNA Processing and Ri-
bozymes (Chapter 14); Replication of Linear DNA (Chapter
14); Annotating the Genome (Chapter 15); Bioinformatic
Analyses and Gene Distribution in Prokaryotes (Chapter
15); Microarrays and the Transcriptome (Chapter 15);
Viruses of Archaea (Chapter 16); Environmental Ge-
nomics (Chapter 18); Host Risk Factors for Infection
(Chapter 21); Inflammation, Fever, and Septic Shock
(Chapter 22); Natural Immunity (Chapter 22); Recep-
tors and Immunity (Chapter 23); West Nile Virus
(Chapter 27); Microbial Sampling and Food Poisoning
(Chapter 29); Severe Acute Respiratory Syndrome
(SARS) (Chapter 25); Anthrax as a Biological Weapon
(Chapter 25); and Fermented Foods (Chapter 29).

Several supplements accompany BBOM 11/e. These
include a website (www.prenhall.com/madigan) con-
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taining online media resources (flagged by an icon in
the text), practice exam questions, and additional con-
tent resources. For instructors, a CD is available that
contains all of the tables and figures in the book
arranged in PowerPoint format for ease in organizing
classroom learning activities. Overhead transparencies
are also available for those who use this format in the
classroom. Indeed, the BBOM 11/e instructor package
offers every necessary tool for developing clear, com-
pelling, and stimulating presentations.
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