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PREFACE

icrobiology is an extraordinarily diverse
M and exciting field of science that is on

the cutting edge of scientific enquiry.
New discoveries in microbiology are made daily—
many of which appear in the daily news reports as
well as the scientific literature. There is a seem-
ingly overwhelming and ever expanding state of
knowledge about microorganisms—their diversity,
activities, genetics, practical consequences, and
biotechnological applications. This is evident in
the wealth of new information contained in the
second edition of Principles of Microbiology. In just
the past year the complete genomes of representa-
tive bacteria, archaea, and eukaryotic microorgan-
isms have been sequenced. Much has been learned
about the molecular biology of microorganisms
that provides the basis for understanding the rela-
tionships between genes and metabolic and eco-
logic functions. New tools have been developed for
exploring previous unexplored realms of microbial
diversity. We are on the verge of an unprecedented
explosion in our molecular level understanding of
the microbial world.

Bringing together today’s discoveries with over
100 years of scientific enquiry, the second edition
of Principles of Microbiology brings the scientific
discipline of microbiology to its current state of the
art. It focuses on the microorganisms—the unifying
theme of this field of science. It captures the ex-
citement of this contemporary and dynamic sci-
ence, bringing forth the latest information available
about microorganisms—their activities and rele-
vance. It shows how microorganisms have evolved
numerous strategies for carrying out essential life
functions and how the activities of microorganisms
contribute to the overall health and welfare of hu-
mans and the environment. It explains why some
of the diverse and ubiquitous microorganisms are
beneficial to humankind—describing the essential
role of microorganisms for the maintenance of life
on Earth—and why others are harmful—causing
diseases of plants and animals. It provides insight
into how events at the molecular level translate
into activities of practical importance.

The second edition of Principles of Microbiology
goes beyond the search for unifying principles to
examine microbial diversity, especially at the mol-

ecular level. It provides greatly expanded coverage
of microbial phylogeny and classification based on
ribosomal RNA analyses. It replaces the traditional
prokaryote-eukaryote paradigm with a comprehen-
sive examination of the bacterial, archaeal, and eu-
karyal domains at all levels—including cell struc-
ture, metabolism, genetics, ecology, and taxonomy.

CONTENT AND ORGANIZATION OF
THE BOOK

Principles of Microbiology is designed to provide a
wealth of information about microorganisms in an
organized manner that facilitates learning and un-
derstanding. Each chapter has the following gen-
eral structure:

¢ Outline An outline on the opening page of
each chapter sets out the scope of information
that will be covered in the chapter.

¢ Text of chapter The text is designed to re-
veal the principles and diversity related to the
topic of the chapter in sufficient molecular
detail to develop an understanding of the
topic. The style of the text is clear and read-
able. Terms are defined when they are first in-
troduced. Key terms are shown in boldface or
italics. The text is readable and filled with ba-
sic and practical information aimed at provid-
ing information and raising the enquiring in-
terests of students.

» Boxes Within each chapter several boxes set
off topics of special current or historical in-
terest and methodologies used in the study of
microbiology. Four types of boxes are used
throughout the book: New Developments,
Methodologies, Historical Perspective, and A
Closer Look.

¢ Illustrations and micrographs Numerous
micrographs and detailed illustrations
throughout the chapter supplement the writ-
ten text and help show the diversity and mol-
ecular biology of microorganisms. Some mi-
crographs appear in black and white but many
of the micrographs have been colorized as a
pedagogical aid to connect them to the illus-
trations. The colors highlight specific struc-
tures and their underlying chemical composi-
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tion. In both illustrations and colorized micro-
graphs, membranes and lipids are tan, bacter-
ial cell walls and peptidoglycan purple, chro-
mosomes and DNA green, ribosomes and RNA
gold, carbohydrates and lipopolysaccharides
red, and proteins and protein-based structures
such as viral capsids blue.

Situational problems Situational problems
placed throughout the chapter are intended to
challenge a student’s creativity and to chal-
lenge him or her to think and to develop an
in-depth understanding of microbiology.
Study questions The set of review questions
is intended to allow students to test their
comprehension of the material they have just
examined.

Suggested supplementary readings The list
of suggested readings is meant to supplement
the text for more advanced courses and to sus-
tain the interest of the student who finds a
particular topic relevant to his or her purpose
for having enrolled in an introductory micro-
biology course. Each suggested reading is an-
notated to describe its content.

Sources of information on the World Wide
Web The World Wide Web provides a new
and exciting source of information that is up-
to-date and ever expanding. Information about
microorganisms is added to the Web daily. The
list of sources on the World Wide Web is in-
tended to provide guidance for entering the
Web and beginning an amazing exploration
that reveals much information about microor-
ganisms. Each entry is annotated to describe
the content of that Web site. Surfing the Web
will reveal more Web sites; users of the Web
will discover that addresses often change and
exploring the Web takes patience.

Essays Each chapter ends with an essay by a
prominent microbiologist describing the de-
velopment and highlights of his or her scien-
tific career. Each essay provides unique in-
sights into the diverse fields of microbiologi-
cal study. Many of the authors of these essays
have served as Presidents of the American So-
ciety for Microbiology and have great per-
spective on what it means to be a microbiolo-
gist and the relevance of microbiology to sci-
ence and human well being. Many have made
breakthrough discoveries that have brought
us to our current state of knowledge. These es-
says provide a critical perspective on the
scope of microbiology and are a source of in-
spiration for students contemplating becom-
ing a microbiologist.

The book has 19 chapters organized into seven
major parts, two appendices, and an extensive glos-
sary.

PART | SCIENTIFIC STUDY OF
MICROORGANISMS

Part 1 reviews the scientific study of microorgan-
isms. It introduces the microorganisms and the
methods and methodologies used for their study. It
presents a brief overview of the microbial world,
exploring the realm of studies on microorganisms.
It sets the stage for the three domains of bacteria,
archaea, and eukarya. Overall, it gives a perspec-
tive on microbiology with its many vistas.

Chapter | Development of Microbiology as a
Scientific Discipline

Chapter 1 provides an overview of the microorgan-
isms that are the focus of this textbook. It traces the
development of microbiology as a scientific disci-
pline, showing how scientists think and how they
use the scientific method for studies on microor-
ganisms. It gives a historical perspective to micro-
biology, highlighting the contributions of notewor-
thy microbiologists such as Louis Pasteur and
Robert Koch.

Chapter 2 Methods for Studying Microorganisms
Chapter 2 reviews the methodologies used by mi-
crobiologists. The science of microbiology depends
on the ability to make observations using these
methods. The chapter discusses the various forms
of microscopy that are used to view microorgan-
isms, the culture methods employed for studying
microorganisms, and the development of molecu-
lar methodologies that have contributed to the un-
derstanding of microorganisms.

PART 2 MICROBIAL PHYSIOLOGY—
CELLULAR BIOLOGY

Part 2, on microbial physiology and cell biology,
examines the structure and function of cells of mi-
croorganismes. It explores many of the fundamental
properties of living systems, showing how mi-
croorganisms have developed diverse solutions for
meeting essential requirements for life. It provides
a great deal of biochemical and molecular level de-
tail on the diverse structures and metabolic func-
tions of bacterial, archaeal, and eukaryal cells.

Chapter 3 Organization and Structure of
Microorganisms

Chapter 3 covers the organization of bacterial, ar-
chaeal, and eukaryotic cells. The emphasis is
placed on bacterial and archaeal cells, which are
often covered only cursorily in general biology



classes. The chapter compares structures that have
evolved in different organisms to serve similar func-
tions, emphasizing the differences between bacter-
ial, archaeal, and eukaryotic cells, many of which
have important practical implications. It highlights
the design of cellular structure and reveals how
cells meet the essential requirements for life.

Chapter 4 Cellular Metabolism: Generation of
Cellular Energy

Chapter 4 treats the bioenergetics of cellular me-
tabolism, indicating how the principles of chem-
istry apply to biological systems. It focuses on the
flow of energy through cellular metabolism and di-
verse strategies that occur among microorganisms
for generating ATP.

Chapter 5 Cellular Metabolism: Biosynthesis of
Macromolecules

Chapter 5 covers the metabolic reactions involved
in forming cell biomass by autotrophic and het-
erotrophic metabolism. It treats the transformations
of materials that are necessary for the formation of
new cells and shows how cells can use simple
starting substrates to make complex cell structures.

PART 3 MICROBIAL GENETICS—MOLECULAR
BIOLOGY

Part 3, covering microbial genetics and molecular
biology, examines topics of great contemporary in-
terest. It focuses on the structure and functioning of
DNA and RNA. It leads from the basic structure of
DNA and expression of genetic information to the
practical field of recombinant DNA technology that
forms the basis of the biotechnological revolution.
The chapters in this part provide great molecular
detail that underpin our current understanding of
life.

Chapter 6 DNA Replication and Gene
Expression

Chapter 6 examines the role of DNA in heredity
and control of cellular functions. It demonstrates
how the discovery of the structure of DNA started
the revolution in our understanding of the func-
tioning of cells and led to the field of biotechnol-
ogy. It examines the molecular basis of heredity
and how DNA controls protein synthesis, relating
genetics to the functioning of the cell. As in other
chapters it compares the molecular biology of bac-
teria, archaea, and eukaryotes.

Chapter 7 Genetic Mutation, Recombination,
and Mapping

Chapter 7 discusses the genetic changes that alter
hereditary information. It shows the molecular
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events involved in recombination. It establishes
the principles underlying the development of re-
combinant DNA technology, giving the basis for ge-
netic engineering and its practical importance.

PART 4 MICROBIAL REPLICATION AND
GROWTH

Part 4 examines microbial growth and replication.
It shows that microorganisms have enormous po-
tentials for population growth. It also examines the
factors that control the rates of microbial reproduc-
tion.

Chapter 8 Viral Replication

Chapter 8 is about viruses. It covers the replication
of viruses, distinguishing viruses from living or-
ganisms, and showing why viruses depend on host
cells for their replication. It describes the stages of
viral replication and the strategies employed for
the replication of different viruses.

Chapter 9 Bacterial Growth and Reproduction
Chapter 9 treats bacterial growth and reproduction.
It examines the consequences of bacterial repro-
duction by binary fission, showing that exponen-
tial increases of bacterial cell numbers occur due to
reproduction by binary fission. The chapter also
discusses the influences of various environmental
factors, such as temperature, on bacterial growth
rates.

Chapter 10 Control of Microbial Growth
Chapter 10 deals with the basis for control of mi-
crobial growth and the abilities of physical and
chemical factors to kill or prevent the growth of mi-
croorganisms. It relates the modes of action of var-
ious antimicrobial agents to fundamental proper-
ties of microbial physiology and the abilities to
control unwanted microbial growth.

PART 5 MICROORGANISMS AND HUMAN
DISEASES

Part 5, about microorganisms and human disease,
covers topics of importance related to human
health. It emphasizes the relationship between the
defenses of the human body and the virulence fac-
tors of pathogenic microorganisms. It describes
how diseases are spread and how the transmission
of pathogens can be controlled. It describes the
molecular level events that underpin infection, dis-
ease, pathogenesis, and the body’s defenses against
pathogenic microorganisms.

Chapter |1 Immunology
Chapter 11 examines immunology and the de-
fenses of the body against infections and diseases.
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It discusses the innate and specific defense systems
that protect the human body from infection, high-
lighting the complex nature of the body’s lines of
defense against disease. It reveals the intricacies of
the integrated network of interactions of the im-
mune system underlying molecular basis for the
body’s resistance to invasion by foreign substances.
It also describes the consequences of failures of the
immune system, including consequences of fail-
ures such as allergies and AIDS.

Chapter 12 Epidemiology and Public Health:
Disease Transmission, Diagnosis, and Prevention
Chapter 12 gives an epidemiological perspective to
selected human diseases caused by microorgan-
isms. It examines the underlying principles of dis-
ease transmission and how understanding the basis
of infectious disease can be used to block disease
transmission. It includes a discussion of how vac-
cines are used to control and to eliminate specific
diseases. It includes in depth coverage of emerging
infections and problems arising from the evolution
of antibiotic resistant microorganisms.

Chapter 13 Medical Microbiology: Pathogenesis
and Pathology of Infectious Diseases

Chapter 13 covers the basis of pathogenesis of in-
fectious diseases. It examines the molecular level
properties of pathogenic microorganisms that con-
tribute to their abilities to cause disease and the
physiological changes that occur as a result of mi-
crobial infections. It also examines the basis for di-
agnosing various diseases.

PART 6 APPLIED AND ENVIRONMENTAL
MICROBIOLOGY

Part 6 examines applied and environmental micro-
biology, emphasizing some of the practical aspects
of microbiology. It shows the essential functions
played by microorganisms in ecology and the prac-
tical uses of microorganisms in biotechnology.

Chapter 14 Microbial Ecology and
Environmental Microbiology

Chapter 14 examines the interactions among mi-
croorganisms and the roles of microorganisms in
global biogeochemical cycling. It also discusses the
importance of microorganisms for the maintenance
of environmental quality, including the essential
uses of microorganisms for degrading wastes and
pollutants.

Chapter 15 Industrial Microbiology and
Biotechnology

Chapter 15 is about biotechnology, including the
economic uses of microorganisms for producing

foods, antibiotics, and numerous other products;
recombinant DNA technology; and traditional
practices employed in industrial microbiology.

PART 7 MICROBIAL DIVERSITY

Part 7 is a survey of microorganisms that describes
their great diversity.

Chapter 16 Microbial Systematics: Evolution,
Phylogeny and Classification

Chapter 16 examines the evolution of microorgan-
isms and how rRNA analyses provide the means of
developing phylogenetic classification systems. It
discusses the molecular methodologies that are
used to reveal evolutionary relatedness. It de-
scribes the new taxonomic organization driven by
those molecular analyses and discusses the most
recent phylogenetic classification of microorgan-
isms. It describes the major evolutionary lineages
within the bacterial, archaeal, and eukaryal do-
mains of life.

Chapter 17 Bacterial Diversity

Chapter 17 provides a survey of the bacteria, re-
vealing their great diversity in form and function. It
is a very extensive chapter owing to the great di-
versity of the bacteria. The chapter describes the
phenotypic characteristics of diverse bacteria that
are observed in nature.

Chapter 18 Archaeal Diversity

Chapter 18 provides a survey of the archaea. It de-
scribes the taxonomy and ecology of the archaea
and the unique physiologies of these microorgan-
isms.

Chapter 19 Biodiversity of Eukaryotic
Microorganisms: Fungi, Algae, and Protozoa
Chapter 19 gives a brief overview of eukaryotic mi-
croorganisms. It describes the diversity of the
fungi, algae, and protozoa.

APPENDICES

The appendices provide a framework for review
and study.

Appendix | Groups of Microorganisms
Described in Bergey’s Manual

Appendix Il Chemistry for the Microbiologist

Glossary

An extensive glossary of microbiological terms
serves as a guide to the terminology used by mi-
crobiologists.
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