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ecause microbiology is an exceptionally broad discipline

encompassing specialties as diverse as biochemistry, cell
biology, genetics, taxonomy, pathogenic bacteriology, food and in-
dustrial microbiology, and ecology, our goal has been to provide a
balanced introduction to the discipline. A microbiologist must be ac-
quainted with many biological disciplines and with all major groups
of microorganisms: viruses, bacteria, fungi, algae, and protozoa.
Students new to the subject need an introduction to the whole before
concentrating on specialized areas that might be of more interest to
them. Microbiology, sixth edition, 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 microbiol-
ogy. Students preparing for careers in medicine, dentistry, nursing,
and allied health professions will find the text just as useful as those
aiming for careers in research, teaching, and industry. While two
quarters/semesters each of biology and chemistry are assumed, we
provide a strong overview of the relevant chemistry in appendix 1.

OUR STRENGTHS

Main Themes

Seven themes permeate the text. They recur regularly and help in-
tegrate the specific information in an orderly manner. The seven
themes are:

1. Development of microbiology as a science

2. Nature and importance of the techniques used to isolate, cul-
ture, observe, and identify microorganisms

3. Control of microorganisms and reduction of their detrimental
effects

4. Importance of molecular biology and biochemistry for mi-
crobiology

5. Medical significance of microbiology

6. Ways in which microorganisms interact with their environ-
ments and the practical consequences of these interactions

7. Influences that microorganisms and microbiological applica-
tions have on everyday life

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

Strong Biochemical Presentations

Despite the great variety in microbial structure and function, mi-
croorganisms share a biochemical unity that is basic to all life
processes. Furthermore, specialized functions of individual mi-
crobial cells can only be described in biochemical terms. Thus it
x

is not possible to understand microbiology in any fundamental
sense without a consideration of biochemical mechanisms and
the metabolic pathways common to all life. We provide bio-
chemical background in two ways:

* First, you will find many illustrations that clarify the molecu-
lar processes being discussed in every chapter (for example,
figures 9.19, 10.28, 11.17, and 31.19). The biochemical links
are highlighted and described throughout.

* Second, two illustrated appendices (I and II) present graphic
presentations of the Chemistry of Biological Molecules and
Common Metabolic Pathways. This makes them easy to locate
for reference purposes, and accessible for study and review.

Organizational Flexibility

Our flexible organization allows every instructor to sequence chap-
ters and topics to suit their own syllabus. Each chapter is as self-con-
tained as possible to promote this flexibility. For example, chapter
17, “The Viruses: Bacteriophages,” contains all information critical
to understanding the structure and function of bacteriophages. Stu-
dents do not need to hunt through several chapters to assemble the
information. They can return to chapter 17 to refer to specific details
easily, making review a natural part of their study activities.

Readability

Because a student can not learn from a text they can not read, care-
ful attention has been paid to the presentation of information in
Microbiology, sixth edition. Comprehension is facilitated by a rela-
tively simple, direct writing style. Information is broken up with nu-
merous section headings and organized in an outline format within
each chapter. The American Society for Microbiology’s ASM Style
Manual conventions for nomenclature and abbreviations were fol-
lowed as consistently as possible. To help students with the many
new terms they will encounter in the study of microbiology, new ter-
minology is boldfaced when first used and clearly defined. Every
term in the extensive glossary includes a page reference.

Study-Friendly Features

All students need help organizing their study time to maximize
success. We have reorganized several key features to help them
with this critical task. For example, the usefulness of the chapter
summaries has been improved by organizing the summary state-
ments under the appropriate chapter section number and title. A
student can now go directly in the summary to a specific chapter
section, rather than having to search for the desired statements.
References in appendix V also are organized by numbered section
headings within each chapter to facilitate the location of supple-
mental readings for specific topics.



In addition, no other text on the market today presents the ref-
erence resources that are part of Microbiology, sixth edition.
These rich resources make it possible for students to expand their
study, extend their reading, and use their text as a reference for
many semesters to come. They include:

e A Review of the Chemistry of Biological Molecules (appendix
I) is a visual reference on the chemistry of organic molecules.
Definitions and line art provide a review or an introduction de-
pending on the student’s needs.

» Common Metabolic Pathways (appendix II) provides illustra-
tions of nine critical biochemical pathways in one location,
making review and reference more convenient for the student
than if they were embedded in the text.

* Classification of Procaryotes (appendix III) summarizes the
latest classification as reflected in the second edition of
Bergey’s Manual of Systematic Bacteriology.

« Classification of Viruses (appendix IV) provides a visual di-
rectory to a selected group of common viruses. The physical
characteristics, family, and genera for each are provided.

e The Recommended Reading material (appendix V) is organ-
ized by chapter and provides direction to additional informa-
tion for interested students.

NEW TO THIS EDITION!

Our New Look . . . Design

The interior of Microbiology, sixth edition, has been completely
redesigned. Students today are very sensitive to visual presenta-
tions and our new design presents information within the frame-
work of a bright, clean, modern-looking environment. We believe
this appealing new look will help students move into the content
and focus on the important topics. New icons call attention to the
numbered main heads, and colorful headings help the students rec-
ognize shifts in focus. All of the boxed essays have been organized
around five main themes and identified by category (Historical
Highlights, Techniques & Applications, Disease, Microbial Di-
versity & Ecology, and Microbial Tidbits).

And . .. lllustrations

Tied in to this bright new look is our continuing improvement of our
art program. New illustrations have been added to most chapters, and
many older figures have been revised to improve their usefulness.
Particular attention has been paid to consistency in the use of color.
We have also tried to employ colors in such a way that the figures are
easier to understand.

Not Just a New Look . . . New Content
Due to the fast pace of discoveries in the life sciences, substantial
changes and updates have been made to keep the adopters of the
sixth edition at the cutting edge of information. A summary of im-
portant new material by parts includes:

Parts One-Six (chapters 1-18) introduce the foundations of
microbiology: the development of the field, the structure of mi-
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croorganisms, microbial growth and control, metabolism, molec-
ular biology and genetics, DNA technology and genomics, and
the nature of viruses.

New and Significantly Updated Topics

Chapter 3—Protein secretion in procaryotes; fimbriae and bac-
terial movement

Chapter 6—Thermophile survival in high-temperature environ-
ments and the effect of salt on microbial growth

Chapter 11—Antiparallel nature of DNA

Chapter 12—Atomic structures of RNA polymerase and ribo-
somes; regulation by SRNA

Chapter 15—Thoroughly updated information on completed
genomes

Chapter 18—Construction of the poliovirus from its genome se-
quence; mechanism of prion action; virus entry into host cells

Part Seven, The Diversity of the Microbial World (chapters 19-27)
contains a survey of the procaryotes that closely follows the general
organization of the second edition of Bergey’s Manual of Systematic
Bacteriology. Although principal attention is devoted to bacteria, the
fungi, algae, and protozoa receive more than usual coverage.

New and Significantly Updated Topics

Chapter 19—Use of signature sequences in phylogenetic analy-
sis; updated discussion of the classification system in the sec-
ond edition of Bergey’s Manual of Systematic Bacteriology

Chapter 20—Methane-consuming archaea and protein secretion
in the archaea

Part Eight, Ecology and Symbiosis (chapters 28-30) focuses on
the relationships of microorganisms to other organisms and the
environment (microbial ecology). Aquatic and terrestrial micro-
biology are introduced here.

New and Significantly Updated Topics

Chapter 28—Methods of microbial ecology; discussion of
lichens as controlled parasitic relationships; genomic re-
duction resulting from endosymbiosis; coevolution of gut
microorganisms; inclusion of latest information on the hy-
perthermophile, Geogemma barossii

Chapter 29—Addition of Cryptosporidium to U.S. drinking wa-
ter standards; removal of nitrogen and phosphorus by on-site
water treatment processes; Canadian geese as a reservoir for
Giardia and Cryptosporidium

Chapter 30—Occurrence of polyprosthecate bacteria such as Verru-
comicrobium; the role of the oxidative burst in plant-microbe in-
teractions; mycorrhizal interactions with achlorophyllous plants

Parts Nine and Ten, Nonspecific (Innate) Resistance and the
Immune Response; Microbial Diseases and Their Control
(chapters 31-33 in Part Nine and 3440 in Part Ten) are con-
cerned with pathogenicity, resistance, and disease. The disease
survey is organized taxonomically on the chapter level; within
each chapter diseases are covered according to mode of trans-
mission. This provides flexibility and allows the student to easily
locate information on a disease of interest.
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New and Significantly Updated Topics

Chapter 31—Cathelicidin antimicrobial peptides; pattern-recog-
nition receptors on macrophages, and Toll-like receptors in
nonphagocytic host defense

Chapter 33—Vaccine table includes the latest recommendations
approved for use in the United States including five new vaccines

Chapter 34—Use of actin-based motility by bacterial pathogens
to spread within the host

Chapter 35—The Etest for antibiotic sensitivity; expansion of
information on drug inactivation by chemical modification:
discussion of antibiotic resistance genes on genetic elements
other than plasmids

Chapter 37—New essays on the first recorded incidence of bio-
logical warfare and the SARS epidemic

Chapter 38—New or expanded discussion of smallpox, West
Nile virus, and hepatitis G virus

Chapter 39—Weaponization of anthrax and expanded informa-
tion on anthrax

Part Eleven, Food and Industrial Microbiology (chapters 41
and 42) concludes the text with an introduction to these fields.

New and Significantly Updated Topics

Chapter 41—Norwalk-like viruses in food and water; malo-lac-
tic fermentation in wine production; use of probiotic Lacto-
bacillus in feed to reduce the occurrence of E. coli in beef cattle

Chapter 42—Discussion of newest approaches for recovery from
nature of previously “unculturable™ microorganisms

SUPPLEMENTARY AND MEDIA MATERIALS

For the Student

* 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.

¢ The Microbiology, sixth edition, Online Learning Center

(www.mhhe.com/prescott6) provides self-quizzes, terminol-

ogy exercises, study tips, web resources, etc., to aid students in

mastering and integrating content.

The sixth edition of Laboratory Exercises in Microbiology

by John P. Harley has been prepared to accompany the text.

Like the text, the laboratory manual provides a balanced in-

troduction to laboratory techniques and principles that are im-

portant in each area of microbiology. The class-tested

exercises are modular and short so that an instructor can eas-

REVIEWERS FOR THE SIXTH EDITION

Philip Achey, University of
Florida

Susan Bagley, Michigan
Technological University

Matthew Buechner, University
of Kansas

Georganne Buescher, Thomas
Jefferson University

Richard Ellis, Bucknell
University

Harvey Friedman, University
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ily choose only those exercises that fit his or her course. The
sixth 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.

Dynamic Media

* Microbes in Motion, third edition, is an interactive, easy-to-use
general microbiology CD-ROM that helps students actively ex-
plore and understand microbial structure and function through
audio, video, animations, illustrations, slide shows, and text.
Eighteen books cover topics from microbial genetics to vaccines.

* HyperClinic, second edition, CD-ROM allows students to
evaluate realistic case studies that include patient histories
and descriptions of signs and symptoms. Students can either
analyze the results of physician-ordered clinical tests to reach
a diagnosis, or evaluate a case study scenario and decide
which clinical samples should be taken and which diagnostic
tests should be run. More than 200 pathogens are profiled, 105
case studies presented, and 46 diagnostic tests covered.

For the Instructor

* The Digital Content Manager CD-ROM is the image re-
source for course presentations. The DCM contains virtually
all of the line art, photos, and tables from Microbiology, sixth
edition, as well as animations, videos, active-art, and a Pow-
erPoint Lecture set for each chapter. See page xx for further
details!

Instructor Testing and Resource CD-ROM is offered free

on request to adopters of the text. This cross-platform CD pro-

vides a database of over 2,500 objective questions for prepar-
ing exams and a grade-recording program.

A set of 250 full-color acetate transparencies is available

to supplement classroom lectures. These have been en-

hanced for projection and are available to adopters of the
sixth edition.

* The Online Learning Center (www.mhhe.com/prescott6)
provides multiple resources for course enhancement. More-
over, all the McGraw-Hill media resources are easily loaded
into course management systems such as WebCT or Black-
board.
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Rich tapestries reveal the grand scale of life.
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The key to every biological problem must finally be sought in the cell.—E.B. Wilson
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adjacent deoxyribose  sugars (yellow). The
adenosine thymine hase pairs are joined by tvo
1 bonds and ¢

nine-cytosine hise paies

hydrogen bonds. Because of the spe
e pairing, the bise sequence of one strund
other. The two 9

e Il That is, the bickbones run
in opposite directions as indicated by the two ar
rows, which point i the § 10 3 dircction. Now = —p—0
that the left chain has its 5”hydroxyl on the bot |

fom. whereas the right chain has a 3-hvdroxyl ag o

the hottom.

Nucleic Acid Structure 225

wenefic information. considerable effort hus heen devored o de
termining the base sequences of DNA and RNA from many mi
cronrganisms (see pp, 116 39)

The two polynucleotide strands 1t together much like the

w puzzle hecanse of complementary base pairing
ahts 111 Tnspection of figure 11 7a.b, depiict-
ing the B form of DNA (probubly the most common form in cells).
ahiows that the two strands are o positioned directly opposite one
another in the helical cylinder. The

fore. when the strands twist

about one another, o wide major geoove and narower minor
groove are Tormed by the backbone. Each base pair rotites 36
around the eylinder with respect (o adjacent pairs so that there are
| Each wrn of the helix
s is righi-handed — thit is
the chains i counterclockwise as they approach a viewer look
e antiparal
Tel o run in opposite dircctions with respect to the orientation of

10 base pairs per wrn of the helical spi

has a vertical length of 3.4 . The h

ing down the Tongitudinal axis. The two hackbones

their sugars. One end of cach strund has a exposed 5-hydroxyl
wroup, olten with phosphates attached. whereas the other end has
ure |L6). 1 he o
endof one sirandiand the 3" end of the other are
iven direction one steand is oriented 5° 0 3 and fhe
ather, 310 5 (figures 11.6.and 11.7h)

afree 3"hydroxy| group (1 of a double helix

isexamined. the

visible. I

RNA Structur

Hesides differing chemically from DNA. ribonucleic acid is usu
ally single stranded rather than double stranded Tike most DNA
An RNA strand can coil back on itself o form i hairpin-shaped

strcture with comples « nd hielical or
tion. Cells contain three different types of RNA—mess
RNA. rihosomal RNA. and transfer RNA

another in function, site of synthesis in cucaryolic cells, and

that differ from one

structure

Deoxyribose
sugar

Phosphodiester

Hydrogen
bond

3 end

Xv



100 Revised Art Figures
* Present the unseen world in a consistent palette of color
* Inject new life into the study of microbiology
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Figure 3.4
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Art at Its Best

 Presents consistent color
* Aids in the mastery of complex concepts

Nucleotide-
binding
domain ATP ADP

Figure 5.3

Pyruvate EI-@®  HPr

Mannitol-1-P @

Cytoplasmic
matrix

Mannitol

Glucose

Periplasm

Figure 5.5

I was very impressed with the illustrations.
Figure 6.3 detailed very nicely the difference
between expression of cell number
arithmetically vs. logarithmically.

Professor Richard Ellis, Bucknell University
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216 Chapter 10 Metabolism: The Use of Energy in Biosynthesis 10.18

and deca ation yields ph In this
way a complex membrane lipid is constructed from the prod
ucts of glycolysis, fatty acid biosynthesis. and amino acid
biosynthesis

What is a fatty acid? Describe in general terms how the fatty

acid synthetase manufactures a fatty acid.

How are unsaturated fatty acids made?

Briefly describe the pathways for triacylglycerol and phospho-

lipid synthesis. Of what importance are phosphatidic acid and
CDP-diacylglycerol?

& PEPTIDOGLYCAN SYNTHESIS

As discussed earlier, most bacterial cell walls contain a large.
complex peptidoglycan molecule consisting of long polysaceha
ride chainy made of alternating N-acetylmuramic acid (NAM)
and N-acetylgfucosamine (NAG) residucs. Pentapeptide chains
are attached 1o the NAM groups. The polysaceharide hains are

H o

CH.—C= CH—CH,~ ((CH—C = CH—CH,) — CK,~ C=CH

Figure 10.27  Bactoprenol Pyrophosph

€. Bactoprenol pyrophosphate col

connected through their pentapeptides or by interbridges (see fig
ures 3,18 and 3.19)

Not surprisingly such an intricate structure requires an equally
intricate biosynthetic process, especially because the synthetic re-
actions occur both inside and outside the cell membranc. Peptido-
lycan synthesis is & multistep process that has been best studicd
inth
ers participate: uridine diphosphate (UDP) and ba
ure 10.27). Bactoprenol is a 55
NAM by a pyrophosy
ponents through the hydrophobic membranc:
Iycan. outlined in figures 10.28 and

rbon alcohol th

oup and moves
The synthesis of peptidy
10.29, occurs in eight stages,

1LUDP  derivatives of N-acetylmuramic acid and N

acetylglucosamine are synthesized in the cytoplasm.
n ;

Conceptual lllustrations

e Strengthen the biochemical perspective

* Emphasize the pathways and interactions
involved in all organism functions

* Focus on the biochemical unity that is basic

to all life processes
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Figure 10.28  Peptidoglycan Synthesis.
1-lysine in 8. aureny peptidoglyca

.l dii

NAM is N-acetylmuramic acid and
minopimelic acid (DAP) in £ coli. I
is shown. The numbers correspond 10 six of the eight stages discussed in the text

i Viral RNA

\%--—v

(d) Intertoron-sensitized cell and

W
\ Degradation

700 Chapter 31 Normal Microbiota and Nonspecific (Innate) Host Resistance 3128

What is a cytokine?

Define monokine, lymphokine, interleukin, and colony-
stimulating factor.

Into what four families are cytokines sometimes placed
(table 31.3)?

How do cytokines play a role as mediators of natural immunity?
How do interferons render cells resistant to viruses?

How can a fever be beneficial to a host?

& W

E

NATURAL KILLER CELLS

Natural killer (NK) cells a
phagocytic granular lymph
function s to destroy malign|
croorganisms. They recogni
Like many cells. they possel
body. These receptors link
cells, which they kill by a pl
cell-mediated cytotoxi
way NK cells recognize infel
the killer-activating receptol  Major groove
the NK cells (figure 31.22)
ognize a number of different
all nucleated cells. The kill
surface marker known as th
(MHC) class I molecule (see]

all nue Is and is a
activating receptors bind 1o Minor groove
Kill™ instrug n is issued tof

Kill” signal is overridden ¢
Killer inhibitory receptor i
(which indicates “sell™

Although ull nucleated ¢
molceule on their plasma me

Figure 3119 The Anti
arrows indicate the sequens
synthesis and rele
double-stranded RNA (dsRI

oside receptor on the plas

an interferon-st

sis is inhibited by an active
ral RNA. (d) An active p
nactivates the initiation fac|
synthesis.

There is good use of specific examples to illustrate

the application of general concepts.
Professor Phil Achey, University of Florida

Rich Photo Program

 Introduces students to a diverse

microbial world

( —f—
«
© G prosmaesiororan
G
Minar (D 340m
|
Major < X
N
=l
[~
4
PR S—

Figure 11.7 The Structure of the DNA Double
model of the B form of DNA with the base pairs, major & d minor groove
shown. The backbone phosphiate groups, shown in color, spiral around the outside
of the helix. (b) A diagrami
consists of deoxyribose sugars (S) joined by phosphates (P) in phosphodiester

() A space-filling

ation of the double helix. The backbone

atic repre

bridges. The arrows at the top and bottom of the chains point in the 10 ¥’ diree
tion. The ribbons represent the sugar phosphate backbones. (¢) Anend view of the
double helix showing the outer backbone and the bases stacked in the center of
the cylinder. In the top drawing the ribose ring oxygens are red. The nea
pair, an AT hase pair, is highlighted in white

st hase




Content is poised on the cutting edge of life science discoveries.
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Genes:
Expression and Regulation

a,/,e,

Concepts
In transcription the RNA polymerase copies the appropriate
sequence on the DNA template strand to produce a com-
plementary RNA copy of the gene. Transcription differs in a
number of ways between procaryotes and eucaryotes, even
though the basic mechanism of RNA polymerase action is
essentially the same.

Translation is the process by which the nucleotide sequence
of mRNA is converted into the amino acid sequence of a
polypeptide through the action of ribosomes, tRNAs,
aminoacyl-tRNA synthetases, ATP and GTP energy, and a va
riety of protein factors. As in the case of DNA replication,
this complex process is designed to minimize errors.

The long-term regulation of metabolism in bacteria is
achieved through the control of transcription by such
mechanisms as sigma factors, repressor proteins during in-
duction and repression, and by the attenuation of many
biosynthetic operons.

Procaryotes must be able to respond rapidly to changing
environmental conditions and often control many operons
simultaneously using global regulatory systems.

DNA replication and cell division are coordi-
nated in such a way that the distribu-
tion of new DNA copies to each
daughter cell is ensured.

The particular field which excites my in
between the living and the non-living,
proteins, viruses, bacteria and the s
The eventual goal, which is somewhat

this may prove possible, This might i
physics of biology. i

Lactose operon activity 1s under the control of a
repressor protein. The lac: repressor (violet) and
catabolite activator protein (blue) are bound 1o
the fac operon. The repressor blocks
transeription when bound (o the operators (red).

Review Questions Within Narrative
* Assist students in mastering section con-
cepts before moving on to other topics

Numbered Headings
* Identify each major topic and are used for
easy reference throughout the text

I believe the writing style is an
easier read than my current text,
particularly in the Genetics chapter.

Professor Donald Glassman, Des
Moines Area Community College

Chapter Concepts

* Briefly summarize important concepts

T Ra Cross-Referenced Notes

* Refer students to major topics that may
require review in order to understand
and integrate concepts

Chapter 12 Genes: Expression and Regulation

Intein
N-extein - — . Ceextein
(a)
N-extein ——— n ] C-extin]
N-extein ;ﬂo
—— C-extein
‘ =
[o}
— — + | N-extein HL N—]— C-extein
i E
(b)

Figure 12.21 Protein Splicing. (a) A generalized illustra-
tion of intein structure. The amino acids that are commonly pres-
entat cach end of the inteins are shown. Note that many are thiol-
or hydroxyl-containing amino acids. (b) An overview of the pro-
posed pattern or sequence of splicing. The precise mechanism is
not yet known but presumably involves the hydroxyls or thiols lo-
cated at each end of the intein.

polypeptide folds into its final shape
as larger precursor proteins composed of one or more internal in-

If-splicing proteins begin

tervening sequences called inteins flanked by exteral sequences
or exteins, the N-exteins and C-exteins (figure 12.21a). Inteins,
which are between about 130 and 600 amino acids in length, are re-
moved in an autocatalytic process involving a branched intermedi-
ate (figure 1b). Thus far, more than 130 inteins in 34 types of
self-splicing proteins have been discovered. Over 120 inteins have
been found in bacteria and archaca. Some examples are an ATPase
t Saccharomyces cerevisiae, the recA protein of My-

cobacterium tberculosis, and DNA polymerase in Pyrococcus.
The presence of self-splicing proteins in all three domains may
mean that these proteins are guite widespread and prevalent.

. In which direction are polypeptides synthesized? What is a
polyribosome and why is it useful?

. Briefly describe the structure of transfer RNA and relate this to
its function. How are amino acids activated for protein synthe-

~

Figure 12.22 The B-Galactosidase Reaction. CH,0H

12.18

sis, and why is the specificity of the aminoacyl-tRNA syn-
thetase reaction so important?
. What are translational and exit domains? Contrast procaryotic
and eucaryotic ribosomes in terms of structure. What roles
does ribosomal RNA have?
Describe the nature and function of the following: fMet-tRNA,
initiator codon, IF-3, IF-2, IF-1, elongation cycle, peptidyl and
aminoacy| sites, EF-Tu, EF-Ts, transpeptidation reaction, pep-
tidyl transferase, translocation, EF-G or translocase, nonsense
codon, and release factors.
. What are molecular chaperones and heat-shock proteins? De-
scribe their functions.

w

o

o

& REGULATION OF mRNA SYNTHESIS

The control of metabolism by regulation of enzyme activity is a
fine-tuning mechanism: it acts rapidly to adjust metabolic activ-
ity from moment to moment. Microorganisms also are able to
control the expression of their genome, although over longer in-
tervals. For example. the E. coli chromosome can code for about
2,000 10 4.000 peptide chains, yet many fewer proteins are pres-

Icose as its energy source. Regula-
tion of gene expression serves 1o conserve energy and raw
material, to maintain balance between the amounts of various cell
proteins, and o adapt to long-term environmental change. Thus
control of gene expression complements the regulation of en-
zyme activity

Induction and Repression

The regulation of B-galactosidase synthesis has been intensively
studied and serves as a primary example of how gene expression is
controlled. This enzyme catalyzes the hydrolysis of the sugar lic-
tose to glucose and galactose (figure 12.22). When E. coli grows
with lactose as its carbon source. each cell contains about 3,000 (3-
zalactosidase molecules, but has less than three molecules in the
absence of lactose. The enzyme B-galactosidase is an inducible
enzyme—that is, its level rises in the pr

ence of a small molecule
called an inducer (in this case the lactose derivative allolactose)

The genes for enzymes involved in the biosynthesis of amino
acids and other substances often respond differently from genes
coding for catabolic enzymes. An amino acid present in the sur-
roundings may inhibit the formation of the enzymes responsible
for its biosynthesis. This makes good sense hecause the microor-

CH,OH GH.OH CH.OH

OH, 0 o D of 0, 0,
o. s +
OH OH -ga OH OH
‘on -aalactosidase SRS i
OH OH OH OH

Lactose Galactose Glucose




Timely Topics
e Link the text topics to
today’s headlines

Special Interest Essays
Historical Highlights, Techniques & Applications, Microbial Divers

‘Disease

37.4

Aworldwide outbreak of SARS (severe acute respiratory syndrome)
began with a single il health-care worker from the Guangdong
Province of China in November 2002. Since the iniial index case, the
SARS more than 8.5 ple
tients in 27 countries, including upto 115 in the United States by mid-
2003 The global spread proceeded with unprecedented speed.
overwhelming many hospitals and some public health systems in 4
matter of weeks. For the first time in its 55-year history, the World
Health Organization (WHO) declared a global alert and advised
against travel to mainland China and Hong Kong. Singapore, Hanoi,
and Toronto. As a result. SARS rocked Asian markets, ruined the
tourist trade of an entire region, nearly hankrupted vulnerable air-
dsp of the world's larg

SARS s anexcellent example of the threat that infective agents posc.
and the rapidity with which they can move around the world. Fortu-
nately, the concerted effort of the WHO and the CDC controlled the
SARS epidemic by the summer of 2003, only a few months after the
alert had been sounded.

SARS is caused by a coronavirus (see Box figure). These

&

re

um.m, the poliovirus has heen omrted compeely rom sk
DNA

caser 10 \)nlhe\un L RNA, & I)NA copy of the pnlmm RN,

the promoter for T7 phage RNA polymerase wal

: DNA symhesizer machines (see . 115) The sy
il

appro merase used the DNA template
o complete RNA copics of the poliovinss genome. The RN

of Helacells, which supplied the constituents necessary for protein sy
thesis. The RNA directed the synthesis of poliovins pro

and RNA then spontancously assembled into

poliovin virions. These particles could infect 4 special mouse st
mbledt human poliomyelits

and cause a disease that

eins: the p
complet, infectiou]

and Ecology, Disease, and Microbial Tidbits

* Provide additional perspective on the many facets of microbiology

Chapter Summaries
¢ Organized by numbered headings.

* Provide a snapshot of important chapter concepts

Key Terms

 Highlight chapter terminology and list term location in the

chapter

Questions for Thought and Review

* Spur students to apply and integrate chapter content

Critical Thinking Questions
* Stimulate analytical problem solving skills

Figure 39.10  Rocky Mountain Spotted Fever. Typical rash
occurring on the arms and chest consists of generally distributed
sharply defined macules.

5. What is unique about Coxiefla burnetii compared to the other
rickettsias?

6. Describe the symptoms of Racky Mountain spotted fever.

7. How does transovarian passage occur?

m DIRECT CONTACT DISEASES

Most of the direct contact bacterial discases invalve the skin or
underlying tissues. Others can become disseminated through s
cific regions of the body. Some of the hetier-known of these dis-
cuses are now diseussed

Anthrax

Anthrax (Greek anthrax, coal) is a highly infectious animal dis.
an be transmitied to humans by direct contact with in
fected animals (catlle, goats, sheep) or their products. especially
hides

case that

The causative bacterium is the large, gram-positive, aero

ity

Until recently biologists believed that all cellular reactions were cat-
alyzed by proteins called enzymes (see section 86). The discovery

during 1981-1984 by Thomas Cech and Sidney Altman that RNA ButRNA =y ‘
also can sometimes catalyze reactions has transformed our way of AsEoh Y )
thinking about topics as diverse as catalysis and the origin of ffe, It BN
1snow ¢l that some RNA molecules catalyze re-
ons that alter either their own structure o that of other RNAs.
This discovery has stimulated scientists to hypothesize that the
carly Earth was an “RNA world” in which RNA acted as both the ge-
netic material and u reaction catalyst. Experiments showing that in-
trons from Tetrahymena thermophila can catalyze the formation of
polycytidylic acid under certain circumstances have further encour-
aged such speculations. Some have suggested that RNA viruses are
“living fossils” of the original RNA world,
The
“This pro
mitochof
IRNA. 1 =~
the T4
nucleoti 12.1 DNA Transcription or RNA Synthesis codon on mRNA and (o the two ribosomal sub- i The repressor inhibits transcription by hinding
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senes when mRNA s polygenic € tn the eloy
BIOUP Of 1 RNA ix synthesized by RNA polym ARNA binds to the A i
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(figure 12.2) ton reaction s cataly
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Start of & gene

- Atermin s the end of Ao fac ion require
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© RNA polymerase 11 synthesizes hetcrogencous £ Proteln synthesis stops
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seriptional modification by RNA ¢
add

leavage and

e stion from the mRN
1RNA (figure 126 & Moleclar chaperones
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In inducible systoms the newly synthesized re
e with the aid of F
). Then the transpe

Pressor protein s active, and inducer binding in

a activates it (figure 12.23) In contrust, an

260 by pepuadyl trans INACHVE fepressor or aporepressor is synthesized
i repressible system and bs activated by the

corepressor (figure 12.24)
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g twanslocation,  the
10 the Psite and the i
the MRNA one codon
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I enzymes because they are part of o yin-
oLt sequence coding for one or
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i site more polypeptides and the op
when & nonsense codon its expression
require three rele
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o the carabolite activator protein, which is acti
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help protetns fold prop-

12.2 Protein Synthesis
a. n translation, ribosomes attach 10 MRNA und
polypepiide beginning at the N-

tions of themselvey bef
nal shpe.

synthesize

ase split or interrupted erly, stesses 12,4 Attenuatic
e that have exons and inrons, Exons are ulldulr\nmlmmum,m\mmunlu anes. & I the tryprophan uperin a leades region lies b
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sometimes ribozymes, tein domains fold i they leave. Teader peptide and contains an attenustar, a the.
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12.6 Small RNAs and Regulation
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1 genes can be regulated by
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12.8 Control of the Cell Cycle

processes, For example, ontisense RNAs fielp . The complete sequerice of events extending

control porin protean Jevels

Mo,

from the formation of a new cell through

KW

12.7 Two-Component Phosphorelay Systems
s to which RNA poly- 4. Two-component phosphorelay systems are sig.
i that use: phosphory!

next division is called the cell eycle.
b, The end of DNA replication is tightly finked 10

cell division. su division in £ colf usually takes
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ished (fgure 12.38). Special division and regu
s atory proteins are invalved

I very rapidly dividing bucterial cells, a iew
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divile
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ogy. In addition to his academic pursuits, Dr. Harley raises and
breeds Cavalier King Charles Spaniels, enjoys working on auto-
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environmental microbiology, with major emphases on plant-mi-
crobe relationships in the rhizosphere, plant community succes-
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