
■ Ebola, Zika – What’s Next?
The human race has experienced and felt the effects 
of new infectious diseases for millennia, even well 
before the discovery of the infectious agents respon-
sible for such diseases. Today, however, despite 
extraordinary advances to eliminate or lessen the 
development and spread of infectious disease, their 
appearance continues—and indeed, it is inevitable. 
Recent examples of emerging diseases include HIV/
AIDS, severe acute respiratory syndrome (SARS), 
Ebola virus disease, and, most recently, Zika virus 
infection. Each of these unexpected illnesses has 
had a global impact on governments, economics, 
and society, and for Zika, even threatened the 2016 
Summer Olympics.

The emergence of infectious diseases like Ebola 
and Zika is the result of several factors. Realize that 
more than 60% percent of new human infections 
originate in, or are transmitted by, wild animals, as 
is the case for all the diseases mentioned above—
AIDS (apes and monkeys to humans), SARS and 
Ebola (bats [to other animals] to humans), and Zika 
(monkeys to mosquitoes to humans). Consequently, 
as human habitation spreads into more remote areas 
around the world, unknown infectious microbes in 
wild animals will “jump” to humans as these inter-
acting species make contact. In addition, many 
of these infectious agents undergo rapid genetic 
changes, as exemplified by the AIDS and influenza 
viruses, and they can share genetic information as 
the influenza virus does every flu season. In some 
cases, this can make the infection more dangerous.

Adding to these factors is the globalized world 
we live in today. Airline travel makes an infectious 
disease outbreak in one corner of the world only a 
day’s plane ride from almost any other destination 
on the globe. Accordingly, infectious diseases can 
“pop up” from seemingly nowhere. 

The next emerging disease will have a different 
name and different symptoms from Ebola and Zika, 
and it will come from another region of the world—
but it and others are coming. Therefore, what we 
can (and must) do is recognize and react to these 
“infectious events” before they can cause an out-
break or epidemic. We need to be better prepared 
to deal with these events by managing better the 
next Ebola- or Zika-like emergence, something that 

was not done in the most recent Ebola outbreak in 
West Africa and Zika outbreak in Brazil. Prevent-
ing another outbreak/epidemic of a new infectious 
disease can be accomplished only by aggressive 
vigilance, continued research for detecting new 
infectious agents (surveillance tools, diagnostics, 
drugs, and vaccines), and rapidly deploying these 
countermeasures. 

Each new emerging disease brings unique chal-
lenges, forcing the medical community to continu-
ally adapt to these ever-shifting threats. The battle 
against emerging infectious diseases is a continual 
process in trying to get ahead and stay ahead of the 
next infectious agent before it can explode on the 
world scene.

More than likely, you are planning a career in 
the healthcare field. As such, it is important that 
you understand how new infectious diseases come 
about. Therefore, I am excited and honored that you 
are using and reading this new, eleventh edition of 
Fundamentals of Microbiology. I hope it is very use-
ful in your studies and you come away from your 
course with a much better appreciation for the role 
that microorganisms play in the environment as 
well as with us. Always take time to read the side-
bars (MicroFocus boxes) whether they are assigned 
or not. They will help in your overall microbiology 
experience and the realization that microorganisms 
do rule the world!

 ■ A Concept-Based Curriculum
Fundamentals of Microbiology, Eleventh Edition is 
written for introductory microbiology courses hav-
ing an emphasis in the health sciences. It is geared 
toward students in health and allied health science 
curricula such as nursing, dental hygiene, medical 
assistance, sanitary science, and medical labora-
tory technology. It also will be an asset to students 
studying food science, agriculture, environmental 
science, and health administration. In addition, the 
text provides a firm foundation for advanced pro-
grams in biological sciences, as well as medicine, 
pharmacy, dentistry, and other health professions.

The textbook is divided into seven areas of con-
centration. Each area reflects the Concept-Based 
Microbiology Curriculum Guidelines as recommended 
by the American Society for Microbiology. 
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XIV PREFACE

Overarching Concepts and Fundamental Statements1

Evolution •	 Cells, organelles (e.g., mitochondria and chloroplasts), and all major metabolic pathways 
evolved from early prokaryotic cells. 

•	 Mutations and horizontal gene transfer, with the immense variety of microenvironments, 
have selected for a huge diversity of microorganisms.

•	 Human	impact	on	the	environment	influences	the	evolution	of	microorganisms.
•	 The traditional concept of species is not readily applicable to microbes due to asexual 

reproduction and the frequent occurrence of horizontal gene transfer. 
•	 Evolutionary	relatedness	of	organisms	is	best	reflected	in	phylogenetic	trees.

Cell Structure and 
Function

•	 The structure and function of microorganisms have been revealed by the use of microscopy. 
•	 Bacteria have unique cell structures that can be targets for antibiotics, immunity, and phage 

infection.
•	 Bacteria and Archaea have specialized structures that often confer critical capabilities. 
•	 While microscopic eukaryotes carry out some of the same processes as bacteria, many of 

the cellular properties are fundamentally different. 
•	 The replication cycles of viruses differ among viruses and are determined by their unique 

structures and genomes.

Metabolic 
Pathways

•	 Bacteria and Archaea exhibit extensive, and often unique, metabolic diversity. 
•	 The interactions of microorganisms among themselves and with their environment are 

determined by their metabolic abilities. 
•	 The survival and growth of any microorganism in a given environment depends on its 

metabolic characteristics. 
•	 The growth of microorganisms can be controlled by physical, chemical, mechanical, or 

biological means.

Information Flow 
and Genetics

•	 Genetic variations can impact microbial functions. 
•	 Although the central dogma is universal in all cells, the processes of replication, 

transcription, and translation differ in Bacteria, Archaea, and Eukarya. 
•	 The	regulation	of	gene	expression	is	influenced	by	external	and	internal	molecular	cues	and/

or signals. 
•	 The synthesis of viral genetic material and proteins is dependent on host cells. 
•	 Cell genomes can be manipulated to alter cell function.

Microbial Systems •	 Microorganisms are ubiquitous and live in diverse and dynamic ecosystems. 
•	 Most	bacteria	in	nature	live	in	biofilm	communities.	
•	 Microorganisms and their environment interact with and modify each other. 
•	 Microorganisms, cellular and viral, can interact with both human and nonhuman hosts in 
beneficial,	neutral,	or	detrimental	ways.

Impact of 
Microorganisms

•	 Microbes are essential for life, as we know it, and the processes that support life. 
•	 Microorganisms provide essential models that give us fundamental knowledge about life 

processes.
•	 Humans use and harness microorganisms and their products.
•	 Because the true diversity of microbial life is largely unknown, its effects and potential 
benefits	have	not	been	fully	explored.

1 Merkel, S. 2012. The Development of Curricular Guidelines for Introductory Microbiology That Focus On Understanding. J Microbiol Biol Educ 13323810.1128/ jmbe.v13i1.363236537793577306 http://dx.doi.
org/10.1128/jmbe.v13i1.363
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PREFACE XV

■ What’s New in This Edition
When you read this text, you get a global perspective on microbiology and infectious disease as found in 
no other similar textbook. The current edition has been updated with the latest scientifi c and education 
research and has incorporated many suggestions made by my colleagues, by emails received from microbi-
ology instructors, and by my students. Along with these revisions, the visual aspects of the text have been 
improved to make the understanding of diffi cult concepts more approachable and the fi gures more engaging. 
What’s new? Here is a summary list. 

NEW and revised Clinical Cases are embedded in all the chapters to 
help you understand pathogens by presenting contemporary human 
disease scenarios, many originally reported by the Centers for 
Disease Control and Prevention.

NEW and revised MicroFocus boxes explore interesting 
topics applying microbiology and microorganisms to the 
everyday world.

NEW Investigating the 
Microbial World boxes 
are actual experiments 
(abridged) that require you 
to apply the process of 
science and use quantitative 
reasoning. Even though 
you probably are not going 
to become practicing 
microbiologists, the ability to 
use, interpret, and evaluate 
scientifi	c	data	and	evidence	
of the natural world will be 
important in your career.
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XVI PREFACE

NEW and revised MicroInquiry boxes allow you to 
investigate (usually interactively) some important aspect 
of the chapter being studied.

NEW Key Concept organization presents section 
statements identifying the important concepts in the 
upcoming	section	and	alerts	you	to	the	signifi	cance	of	that	
written material.

NEW Chapter Self-Test organization outlines 
the important concepts in the chapters 
through	Bloom’s	Taxonomy,	a	classifi	cation	
of levels of intellectual skills important in 
learning. The three steps are:
•	 Step A: Review of Facts and Terms are 

multiple-choice questions focusing on 
concrete “facts” learned in the chapter. 
Let’s face it; there is information that 
needs to be memorized in order to reason 
critically.

•	 Step B: Applications and Problems are 
questions requiring students to reason 
critically through a problem of practical 
signifi	cance.

•	 Step C: Questions for Thought and 
Discussion encourage students to use 
the text to resolve thought-provoking 
problems with contemporary relevance.
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PREFACE XVII

Chapter 6 Microbial Metabolism
• Revised MicroInquiry feature
• New clinical case
• Revised section on cellular respiration
• Revised section on metabolic diversity
• Chapter Self-Test redesigned

Chapter 7 Microbial Genetics
• New information on bacterial genomes
• New information on organelle DNA
• Revised section on mutations
• Chapter Self-Test redesigned

Chapter 8 Gene Transfer, Genetic Engineering, 
and Genomics
• New Clinical Case study
• Added discussion on bioethics in biotechnology
• Several new figures
• Chapter Self-Test redesigned

Chapter 9 Control of Microorganisms: Physical 
Methods and Chemical Agents
• New Investigating the Microbial World
• Chapter Self-Test redesigned

Chapter 10 Control of Microorganisms: 
Antimicrobial Drugs and Superbugs 
Formerly Chapter 24
• New Investigating the Microbial World box on 

antibiotic resistance
• Chapter Self-Test redesigned

Chapter 11 Airborne Bacterial Diseases
• Expanded discussion of the human respiratory 

microbiome
• Revised material on pertussis and tuberculosis
• Revised tables 
• Chapter Self-Test redesigned

Chapter 12 Foodborne and Waterborne Bacterial 
Diseases
• New MicroFocus feature on probiotics
• Expanded discussion of the human gut 

microbiome
• New figures on oral health
• Revised tables 
• Chapter Self-Test redesigned

■ Chapter-By-Chapter Revisions
Each chapter of Fundamentals of Microbiology, Elev-
enth Edition has been carefully and thoroughly 
revised. In addition, new information pertinent to 
nursing and allied health has been included, while 
many figures and tables have been updated, revised, 
and/or reorganized for clarity. Here are the major 
changes to each chapter.

Chapter 1 Microbiology: Then and Now
• New Clinical Case study
• Modified MicroInquiry feature
• Two new and one revised and updated 

MicroFocus feature
• Chapter Self-Test redesigned

Chapter 2 The Chemical Building Blocks of Life
• 16 figures modified for clarity
• 2 new figures
• Chapter Self-Test redesigned

Chapter 3 Concepts and Tools for Studying 
Microorganisms
• New discussion on the importance of cell size
• New MicroFocus feature on very small cells
• More basic information on eukaryotic 

organelles
• New text material on endosymbiosis
• New Microinquiry feature on microbial 

identification
• Chapter Self-Test redesigned

Chapter 4 Structure and Organization of 
Prokaryotic Cells
• New MicroInquiry feature on biofilms
• New information on bacterial cell 

compartments
• Chapter Self-Test redesigned

Chapter 5 Microbial Growth and Nutrition
• New information on biofilm growth
• New and revised MicroFocus features
• New section on chemical factors influencing 

microbial growth
• Chapter Self-Test redesigned
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XVIII PREFACE

Chapter 20 The Host-Microbe Relationship and 
Epidemiology
• New tables
• Several figures redesigned
• Narrative reorganized
• Chapter Self-Test redesigned

Chapter 21 Resistance and the Immune System: 
Innate Immunity
• New tables
• New figure for inflammation
• Chapter Self-Test redesigned

Chapter 22 Resistance and the Immune System: 
Adaptive Immunity
• Revised figures
• Chapter Self-Test redesigned

Chapter 23 Immunity and Serology
• Two MicroFocus features revised
• Chapter Self-Test redesigned

Chapter 24 Immunization and Serology
• Update on AIDS
• New figures
• Chapter Self-Test redesigned

Chapter 25 Applied and Industrial Microbiology
• Chapter material organized around food 

spoilage, food preservation, and industrial uses 
of microbes in food production (fermentation)

• Chapter Self-Test redesigned

Chapter 26 Environmental Microbiology
Chapter completely revised to incorporate some 
material from previous edition Chapter 27
• New chapter opener
• Chapter material organized around water 

pollution, water and sewage treatment, and 
microbial roles in biogeochemical recycling in 
the environment

• Chapter Self-Test redesigned

Chapter 13 Soilborne and Arthropod-borne 
Bacterial Diseases
• New MicroFocus feature on insect bites
• Updated discussion of Lyme disease
• New figures on arthropod-borne diseases 
• Chapter Self-Test redesigned

Chapter 14 Sexually Transmitted and Contact 
Transmitted Bacterial Diseases
• New MicroFocus box about rosacea
• New information on the human microbiome
• New figures and art
• Chapter Self-Test redesigned

Chapter 15 The Viruses and Virus-Like Agents
• New information of giant viruses
• New figures and art
• Chapter Self-Test redesigned

Chapter 16 Viral Infections of the Respiratory 
Tract and Skin
• New figures on virus families
• New Investigating the Microbial World feature
• New figure on recent mumps outbreaks
• Chapter Self-Test redesigned

Chapter 17 Viral Infections of the Blood, 
Lymphatic, Gastrointestinal, and Nervous 
Systems
• New chapter introduction (on Zika virus 

infection)
• New MicroInquiry feature
• Coverage of Zika virus infection
• Updated material on Ebola virus disease
• Updated material on yellow fever and dengue 

fever
• Chapter Self-Test redesigned

Chapter 18 Eukaryotic Microorganisms:  
The Fungi
• New material on the fungal mycobiome
• New figures
• Chapter Self-Test redesigned

Chapter 19 Eukaryotic Microorganisms:  
The Parasites
• New Clinical Case study
• Chapter Self-Test redesigned

9781284101041_FMxx_00i_ xxxiv.indd   18 03/04/17   9:13 am

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



PREFACE XIX

■ The Student Experience
A Global Perspective
Many decades ago, nursing and allied health students studying microbiology only needed to be concerned 
about infectious diseases as related to their community or geographic region. Today, with global travel, dis-
eases from halfway around the world can be at our doorstep almost overnight. Therefore, students need a 
more global perspective of infectious disease and an understanding and familiarity with these diseases, which 
are presented no better than in this text.

MICROFOCUS features, such as public health articles, 
provide students with the information and understanding 
they need. Each article, such as the one about an 
emerging hemorrhagic fever, provides the background 
and	signifi	cance	needed	for	students	to	be	informed	and	
conversant. See page xi for the complete list of Public 
Health boxes.

CLINICAL CASES also provide the global experience essential for 
student achievement and career success. These cases, such as 
the one on dengue fever, illustrate how a disease originally found 
in another part of the world has rapidly made it to our doorstep. 
See page x for the complete list of Clinical Cases.

CHAPTER CHALLENGES help 
students connect text material to 
the outside world while at the same 
time building their critical thinking 
skills. For example, foodborne 
illnesses are a growing concern 
locally, nationally, and globally. 
Yes, there are diseases associated 
with such food infections, but what 
about the prevention strategies? 
This and other chapter challenges 
help students see “beyond the 
textbook” to the real world.

REAL-LIFE APPLICATIONS
Some concepts and ideas in microbiology can be daunting and, at times, abstract to students studying the 
science. Providing students with real-life examples helps them see the signifi cance of the concept and its 
application in the real world, be it their local community or worldwide.

9781284101041_FMxx_00i_ xxxiv.indd   19 03/04/17   9:13 am

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



XX PREFACE

INVESTIGATING THE MICROBIAL WORLD (IMW) introduces 
students to real world science. Although most students will not 
be	entering	the	research	fi	eld,	the	nursing	and	allied	health	arenas	
require that they have a familiarity with how science is done. 
The examples in each chapter vary from basic to applied science 
experiments and, as in the IMW on urinary tract infections, often 
have real world (and personal) implications. See page x for the 
complete list of IMW boxes.

Many of the MICROINQUIRY BOXES, such as 
the one on smallpox, provide an opportunity 
for students to discuss what they have just 
read—and may ask for an opinion.

Sometimes the content students are trying to 
absorb becomes so dense they cannot “see 
the forest for the trees.” Therefore, summary 
fi	gures,	diagrams,	and	tables	can	help	them	
see the “forest.” In the chapters on infectious 
diseases of the body systems, such as the 
one on the respiratory system, each ends 
with a SUMMARY MAP of the agents and 
diseases of that body system. Although the 
students may not need to know all the agents 
and diseases, a common “body map” will help 
solidify their understanding. 

PRACTICE THROUGH THINKING AND DISCUSSING
One of the best ways to ensure mastery of a topic is through further thought and conversation. Again, the 
application to what a student has read will not only indicate if he or she has mastered the material, but also 
strengthen his or her critical thinking skills.

4

3
5

6

1, 2

7

9

10–15
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PREFACE XXI

Animations: Engaging animations 
bring fascinating microbiology 
phenomena to life! Each 
animation guides students 
through microbiology processes 
and gauges students’ progress 
and understanding with exercises 
and assessment questions 
introduced throughout each 
narrated animation.

Bonus eBook content: Two bonus chapters, “Applied and Industrial 
Microbiology” and “Environmental Microbiology,” are available online.

Web Links: A variety of weblinks are 
available that present external website 
resources to continue your study of 
microbiology and keep up-to-date on 
what	is	happening	in	the	fi	eld	today.

Answer Key: Answers for the End-
of-Chapter Questions, as well as 
the questions in the MicroInquiry, 
Chapter Challenge, Clinical Case, 
and Investigating the Microbial 
World feature boxes are available 
in the online Appendices D, E, and F 
(accessible with access card).

Jones & Bartlett Learning offers an assortment of supplements to assist stu-
dents in mastering the concepts in this text.
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XXII PREFACE

■ TEACHING TOOLS
Jones & Bartlett Learning also has an array of supportive materials for instructors. Additional information 
and review copies of any of the following items are available through your Jones & Bartlett sales representa-
tive or by going to http://www.jblearning.com.

The PowerPoint Lecture Outline presentation package 
provides lecture notes and images for each chapter of the 
text. Instructors with Microsoft PowerPoint software can 
customize the outlines, art, and order of presentation.

The Image Bank in PowerPoint format provides images of 
the illustrations, photographs, and tables (to which Jones 
& Bartlett Learning holds the copyright or has permission 
to reproduce digitally). These images are not for sale or 
distribution, but you can copy individual images or tables 
into your existing lecture presentations, test and quizzes, 
or other classroom materials.

An Unlabeled Art Image Bank in PowerPoint format 
provides selected images from the text with the labels 
removed so you can easily integrate them into your 
lectures, assignments, or exams.
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PREFACE XXIII

The Instructor’s Manual,	provided	as	a	text	fi	le,	includes	an	
Instructional Overview, Instructional Objectives, Key Terms 
and Concepts, Chapter Teaching Points and Tips, and 
Essay Questions.

A robust Test Bank, including hundreds of assessment 
questions, is available.

Infectious Diseases: The Guide to Infectious Diseases by 
Body Systems, Second Edition is an excellent ancillary tool 
for	learning	about	microbial	diseases.	Each	of	the	fi	fteen	
body systems units presents a brief introduction to the 
anatomical system and the bacterial, viral, fungal, or 
parasitic organism infecting the system.

Encounters in Microbiology: Encounters in Microbiology, 
Volume I, Second Edition, and Volume II bring together “Vital 
Signs” articles from Discover magazine in which health 
professionals use their knowledge of microbiology in their 
medical cases.
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XXIV 

Packaged With Access To 
NEW Videos That Teach 
Common Lab Skills

LABORATORY FUNDAMENTALS OF 
MICROBIOLOGY, ELEVENTH EDITION
Read. See. Do. Connect.

LABORATORY EXERCISES
Visit go.jblearning.com/PommervilleLabManual to view a sample video, sample lab exercises, and to see 
the complete list of 99 laboratory exercises.

WHAT’S NEW?
• Every new lab manual is packaged with 

access to over 110 minutes of NEW videos 
that teach common lab skills and are tied to 
the labs in the manual. Students clearly see 
how to work safely in the lab setting, how 
to use operating equipment, how to swab 
cultures, and many more valuable lab skills.

• NEW - all labs have been expanded and 
reorganized to fi t neatly into new sections

• Features NEW introductions for each section
• Contains NEW full-color photos and 

micrograph examples
• Updated with NEW exercises and 

assessments

BUNDLE 
AND SAVE
BUNDLE Fundamentals 
of Microbiology, 
Eleventh Edition WITH 
Laboratory Fundamentals of Microbiology, 
Eleventh Edition and SAVE  

This all-inclusive bundle contains the textbook 
and the laboratory manual with access to 
Fundamentals of Microbiology Laboratory Videos, 
all for only $25 more than the printed textbook 
alone.

Bundle ISBN: 978-1-284-14396-6

9781284101041_FMxx_00i_ xxxiv.indd   24 03/04/17   9:14 am

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



XXV

FUNDAMENTALS OF MICROBIOLOGY 
LABORATORY VIDEOS

Section: Lab Safety
Laboratory Safety
Cleaning Up a Culture Spill
Section: Laboratory Techniques and 
Skills
How To Use a Gas Burner / Bacti-

Cinerator to Sterilize an Inoculating 
Loop / Needle

Broth-To-Broth
Broth-To-Agar
Four-Way Streak Plate
Preparing the Pour Plate
Transferring a Solution with a Pipette
How To Make a Serial Dilution
Section: Microscopy
How To Use the Light Microscope: 

Identifying the Parts
Measuring Cell Size

Section: Bacterial Staining Techniques
How To Make a Bacterial Smear
How To Make a Simple Stain Technique
How To Make a Negative Stain 

Preparation
Preparing a Gram Stain
Preparing an Endospore Stain
How To Make a Capsule Stain 

Preparation
How To Make a Hanging Drop 

Preparation
Section: Control of Microorganisms
How To Prepare a Disk Diffusion Assay
How To Prepare the Kirby-Bauer Test
Section: Measuring Population Growth
How To Use a Petroff-Hausser Chamber
How To Prepare a Standard Plate Count
How To Use a Spectrophotometer

Section: Medical Microbiology
Preparing the Acid-Fast Stain
Oxidase Test
IMViC: Indole Test
IMViC: Methyl Red Test
IMViC: Voges-Proskauer Test
IMViC: Citrate Test
Section: Identifi cation of a Bacterial 
Unknown
Biochemical Tests: Carbohydrate 

Fermentation
Starch Hydrolysis Test
Catalase Test
Hydrogen Sulfate
Urease Test

The Ultimate Microbiology Laboratory Experience

BUNDLE AND SAVE
BUNDLE Fundamentals of Microbiology, Eleventh 
Edition WITH Fundamentals of Microbiology 
Laboratory Videos and SAVE

This bundle includes the textbook and standalone access to the lab 
skills videos for only $25 more than the printed textbook alone.

Bundle ISBN: 978-1-284-14435-2

STANDALONE 
ACCESS
Get the complete 
Fundamentals of Microbiology 
Laboratory Videos series for 
$99.95/user for one year’s 
access.

Welcome to the ultimate microbiology laboratory 
experience, with 110 minutes of instructor chosen, 
high-quality videos of actual students performing the 
most common lab skills, procedures, and techniques. 
From lab safety to microscopy to bacterial staining 
techniques, nowhere else will you fi nd a more 
comprehensive and customized microbiology video 
program. Jeffrey Pommerville provides narration, 
context, and rationale for the on-screen action, and Skills 
Checklists are available online to record progress and for 
assignability. Fundamentals of Microbiology Laboratory 
Videos is the perfect companion to any modern 
microbiology laboratory course.

• 34 videos and over 110 minutes of quality production-
value video!

• Visually demonstrates common skills typically 
covered in an introductory undergraduate 
microbiology lab (safety protocols, operating 
equipment, swabbing cultures, etc.)

• Jeffrey Pommerville provides the educational context 
for each lab skill, and actual students perform the 
techniques in a typical undergraduate lab setting

• Skills Checklists on PDF allows students to record 
progress and instructors to assign lab activities

LABORATORY VIDEOS

Visit go.jblearning.com/PommervilleLabVideos to view a sample video
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edition of Fundamentals of Microbiology. Moreover, 
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require me to always be prepared, and let me know 
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me to continually assess my instruction, and make 
it the best it can be. I salute all my former students—
and I hope those of you who read this text will let me 
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to make your learning effective, enjoyable, and most 
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Jeff Pommerville
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ABOUT THE AUTHOR

Today, I am a micro-
biologist, researcher, 
and science educa-
tor. My plans did not 
start with that intent. 
While in high school 
in Santa Barbara, 
California, I wanted 
to play professional 
baseball, study the 
stars, and own a ’66 
Corvette. None of 
those desires would 

come true—as a high school baseball player my bat-
ting average was miserable (but I was a good defen-
sive fielder), I hated the astronomy correspondence 
course I took in high school, and I never bought that 
Corvette.

I found an interest in biology at Santa Barbara 
City College. After squeaking through college cal-
culus, I transferred to the University of California 
at Santa Barbara (UCSB) where I received a B.S. in 
biology and stayed on to pursue a Ph.D. degree in 
the lab of Ian Ross studying cell communication and 
sexual pheromones in a water mold. After receiving 
my doctorate in cell and organismal biology, my 
graduation was written up in the local newspaper 
as a native son who was a fungal sex biologist—an 
image that was not lost on my three older brothers!

While in graduate school at UCSB, I rescued a sec-
retary in distress from being licked to death by a Ger-
man shepherd. Within a year, we were married (the 
secretary and I). When I finished my doctoral thesis, 
I spent several years as a postdoctoral fellow at the 
University of Georgia. Worried that I was involved in 
too many research projects, a faculty member told 
me something I will never forget. He said, “Jeff, it’s 
when you can’t think of a project or what to do that 
you need to worry.” Well, I have never had to worry!

Moving to Texas A&M University, I spent 8 years 
in teaching and research—and telling Aggie jokes. 
Toward the end of this time, I realized I had a real 
interest in teaching and education. Leaving the sex 
biologist nomen behind, I headed farther west to 
Arizona to join the biology faculty at Glendale Com-
munity College, where I continue to teach introduc-
tory biology and microbiology.

I have been lucky to be part of several educa-
tional research projects. I was project director and 
lead principal investigator for a National Science 
Foundation grant to improve student outcomes in 
science through changes in curriculum and peda-
gogy. This culminated in my being honored with the 
Gustav Ohaus Award (College Division) for Innova-
tions in Science Teaching from the National Science 
Teachers Association.

For 6 years I was the Perspectives Editor for the 
Journal of Microbiology and Biology Education, the 
education research journal of the American Soci-
ety for Microbiology (ASM).  I have been co-chair 
for the ASM Conference for Undergraduate Edu-
cators and chair of the Undergraduate Education 
Division of ASM. My dedication to teaching and 
mentoring students has been recognized by an 
Outstanding Instructor Award at Glendale Commu-
nity College and, nationally, the Carski Foundation 
Distinguished Undergraduate Teaching Award for 
distinguished teaching of microbiology to under-
graduate students and encouraging them to subse-
quent achievement.

I mention all this not to impress, but to show 
how the road of life sometimes offers opportunities 
in unexpected and unplanned ways. The key though 
is keeping your “hands on the wheel and your eyes 
on the prize;” then unlimited opportunities will 
come your way. And, hey, who knows—maybe that 
’66 Corvette could be in my garage yet.

■ Dedication

This is the fifth edition of Fundamentals of Microbiology that I have authored. Over these 14 years, I have spent 
countless months revising and updating the text, often unintentionally neglecting time that should be spent 
with my wife. Therefore, I dedicate this eleventh edition of the textbook to my wife, Yvonne. She always has 
supported my passion for teaching and has encouraged me to push forward throughout the textbook revision, 
often providing valuable and constructive suggestions. Thanks for your support and encouragement, and 
enduring love through the years.
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XXVIII ABOUT THE AUTHOR

■ Reviewers for the Eleventh Edition
As always, it is the input, suggestions, and comments from instructors, and students alike, that evolve a text-
book and make each edition an improvement on its predecessor. I thank everyone from previous editions as 
well as the reviewers for this edition for their time and effort with the review.

Mari Aanenson, M.S., Western 
Illinois University

Vasanta Lakshmi Chivukula, 
Ph.D., Atlanta Metropolitan 
State College

Heather M. Craig, Ph.D., Monte-
rey Peninsula College

Eric DeAngelo, B.A, M.S., Lehigh 
Carbon Community College

Sanhita Gupta, Ph.D., Kent State 
University

Daniel P. Klossner, Ph.D., SUNY 
Delhi

Mary Ann Merz, M.Ed., 
MT(ASCP),  West Virginia 
Northern Community College

Gregory Paquette, Ph.D., 
MLS(ASCP)SM, University of 
Rhode Island

Omar Perez, Ph.D., Malcolm X 
College

Joan Petersen, Ph.D., Queens-
borough Community College

Julia M. Schmitz, Ph.D., Pied-
mont College

Robert C. Sizemore, Ph.D., 
Alcorn State University

Mary Ann Smith, M.A.,  Mary-
wood University

Ayodotun O. Sodipe, Ph.D., 
Texas Southern University

Steven J. Thurlow, M.S., Jackson 
College

Mary Emery Vollertsen, BGS, 
M.S.c. Southeast Arkansas  
College

Patrick M. Weir, Ph.D., Felician 
College
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TO THE STUDENT—STUDY SMART

Your success in microbiology and any college or uni-
versity course will depend on your ability to study 
effectively and efficiently. Therefore, this textbook 
was designed with you, the student, in mind. The 
text’s organization will help you improve your learn-
ing and understanding and, ultimately, your grades. 
The learning design concept described in the Pref-
ace and illustrated below reflects this organization. 
Study it carefully, and, if you adopt the flow of study 
shown, you should be a big step ahead in your prep-
aration and understanding of microbiology—and for 
that matter any subject you are taking. 

When I was an undergraduate student, I hardly 
ever read the “To the Student” sec tion (if indeed one 
existed) in my textbooks because the section rarely 
contained any information of importance. This one 
does, so please read on.

In college, I was a mediocre student until my 
junior year. Why? Mainly because I did not know 
how to study properly, and, important here, I did not 
know how to read a textbook effectively. My text-
books were filled with underlined sentences (high-
lighters hadn’t been invented yet!) without any plan 
on how I would use this “empha sized” information. 
In fact, most textbooks assume you know how to 
read a textbook properly. I didn’t, and you might 
not, either.

Reading a textbook is difficult if you are not 
properly prepared. So that you can take advantage 
of what I learned as a student and have learned 
from instructing thousands of students, I have 
worked hard to make this text user friendly with a 
reading style that is not threat ening or complicated. 
Still, there is a substantial amount of information 
to learn and understand, so having the appropriate 
reading and comprehension skills is critical. There-
fore, I encourage you to spend 30 minutes reading 
this section, as I am going to give you several tips 
and suggestions for acquiring those skills. Let me 
show you how to be an active reader. Note: the Stu-
dent Study Guide also contains similar information 
on how to take notes from the text, how to study, 
how to take class (lecture) notes, how to prepare for 
and take exams, and perhaps most important for 
you, how to manage your time effectively. It all is 
part of this “learning design,” my wish to make you 
a better student.

 ■ Be a Prepared Reader
Before you jump into reading a section of a chap-
ter in this text, prepare yourself by finding the place 
and time and having the tools for study.

Place. Where are you right now as you read these 
lines? Are you in a quiet library or at home? If at home, 
are there any distractions, such as loud music, a blar-
ing tele vision, or screaming kids? Is the lighting ade-
quate to read? Are you sitting at a desk or lounging on 
the living room sofa? Get where I am going? When you 
read for an educational purpose—that is, to learn and 
understand something—you need to maximize the 
environment for reading. Yes, it should be comfortable 
but not to the point that you will doze off.

Time. All of us have different times during the 
day when we perform some skill, be it exercising or 
reading, the best. The last thing you want to do is 
read when you are tired or simply not “in tune” for 
the job that needs to be done. You cannot learn and 
understand the information if you fall asleep or lack 
a positive attitude. I have kept the chapters in this 
text to about the same length so you can estimate 
the time necessary for each and plan your read-
ing accordingly. If you have done your preliminary  
survey of the chapter or chapter section, you can 
determine about how much time you will need. If 
40 minutes is needed to read—and comprehend (see 
below)—a section of a chap ter, find the place and time 
that will give you 40 minutes of uninterrupted study. 
Brain research suggests that most people’s brains 
cannot spend more than 45 minutes in concentrated, 
technical reading. Therefore, I have avoided lengthy 
presentations and instead have focused on smaller 
sections, each with its own heading. These should 
accommodate shorter reading periods.

Reading Tools. Lastly, as you read this, what 
study tools do you have at your side? Do you have 
a highlighter or pen for emphasizing or underlin-
ing impor tant words or phrases? Notice, the text has 
wide margins, which allow you to make notes or to 
indicate something that needs further clarification. 
Do you have a pencil or pen handy to make these 
notes? Or, if you do not want to “deface” the text, 
make your notes in a notebook. Lastly, some stu-
dents find hav ing a ruler is useful to prevent your 
eyes from wandering on the page and to read each 
line without distraction.
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XXX TO THE STUDENT—STUDY SMART

material. These checks also are clues to what was 
important in the section you just read.

 ■ Be a Repetitious Student
Brain research has shown that each individual can 
only hold so much information in short-term mem-
ory. If you try to hold more, then something else 
needs to be removed—sort of like a full computer 
disk. So that you do not lose any of this impor tant 
information, you need to transfer it to long-term 
memory—to the hard drive if you will. In reading 
and studying, this means retaining the term or con-
cept; so, write it out in your notebook using your 
own words. Memorizing a term does not mean 
you have learned the term or that you understand 
the concept. By actively writing it out in your own 
words, you are forced to think and actively inter-
act with the information. This repeti tion reinforces 
your learning.

 ■ Be a Patient Student
In textbooks, you cannot read at the speed that you 
read your e-mail or a magazine story. There are 
unfamiliar details to be learned and under stood—
and this requires being a patient, slower reader. 
Actually, if you are not a fast reader to begin with, as 
I am, it may be an advantage in your learning pro-
cess. Identi fying the important information from a 
textbook chapter requires you to slow down your 
reading speed. Speed-reading is of no value here.

 ■ Know the What, Why, and 
How

Have you ever read something only to say, “I have 
no idea what I read!” As I’ve already mentioned, 
reading a microbiology text is not the same as read-
ing Sports Illustrated or People magazine. In these 
entertainment magazines, you read passively for 
leisure or perhaps amusement. In Fundamentals 
of Microbiology, Eleventh Edition, you must read 
actively for learning and understanding—that is, for 
comprehension. This can quickly lead to boredom 
unless you engage your brain as you read—that is, 
be an active reader. Do this by knowing the what, 
why, and how of your reading.

 ▶ What is the general topic or idea being dis-
cussed? This often is easy to deter mine be-
cause the section heading might tell you. If 

■ Be an Explorer Before You 
Read

When you sit down to read a section of a chapter, 
do some preliminary exploring. Look at the sec-
tion head and subheadings to get an idea of what 
is discussed. Preview any diagrams, photographs, 
tables, graphs, or other visuals used. They give you 
a bet ter idea of what is going to occur. We have 
used a good deal of space in the text for these fea-
tures, so use them to your advantage. They will 
help you learn the written infor mation and com-
prehend its meaning. Do not try to understand 
all the visuals, but try to generate a mental “big 
picture” of what is to come. Familiarize yourself 
with any symbols or technical jargon that might 
be used in the visuals.

The end of each chapter contains a Summary of 
Key Concepts for that chapter. It is a good idea to 
read the summary before delving into the chapter. 
That way you will have a framework for the chapter 
before filling in the nitty-gritty information.

■ Be a Detective as You Read
Reading a section of a textbook is not the same 
as reading a novel. With a textbook, you need to 
uncover the important information (the terms and 
concepts) from the for est of words on the page. So, 
the first thing to do is read the complete paragraph. 
When you have determined the main ideas, high-
light or underline them. However, I have seen stu-
dents highlighting the entire paragraph in yellow, 
including every a, the, and and. This is an example 
of highlighting before knowing what is important. 
So, I have helped you out somewhat. Important 
terms and con cepts are in bold face followed by the 
definition. So only highlight or underline with a pen 
essential ideas and key phrases—not complete sen-
tences, if possible. By the way, the important micro-
biological terms and major concepts are also in the 
Glossary at the back of the text.

What if a paragraph or section has no boldfaced 
words? How do you find what is important here? 
From an English course, you may know that often 
the most important information is mentioned first 
in the paragraph. If it is followed by one or more 
examples, then you can backtrack and know what 
was important in the paragraph. In addition, I have 
added section “speed bumps” (called Concept and 
Reasoning Checks) to let you test your learning and 
understanding before getting too far ahead in the 
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TO THE STUDENT—STUDY SMART XXXI

 ■ Have a Debriefing Strategy
After reading the material, be ready to debrief. 
Verbally summarize what you have learned. This 
will start moving the short-term information into 
the long-term mem ory storage—that is, retention. 
Any notes you made concerning confusing material 
should be discussed as soon as possible with your 
instructor. For microbiology, allow time to draw out 
diagrams. Again, repetition makes for easier learn-
ing and better retention.

In many professions, such as sports or the the-
ater, the name of the game is practice, practice, prac-
tice. The hints and suggestions I have given you form 
a skill that requires practice to perfect and use effi -
ciently. Be patient, things will not happen overnight; 
perseverance and willingness though will pay off 
with practice. You might also check with your college 
or university academic (or learning) resource center. 
These folks will have more ways to help you to read a 
textbook better and to study well overall.

 ■ Concept Maps
In science as well as in other subjects you take at the 
college or university, there often are concepts that 
appear abstract or simply so complex that they are 
diffi cult to understand. A concept map is one tool to 
help you enhance your abilities to think and learn. 
Critical reasoning and the ability to make connec-
tions between complex, nonlinear information are 
essential to your studies and career. 

Concept maps are a learning tool designed to 
represent complex or abstract information visually. 
Neurobiologists and psychologists tell us that the 
brain’s primary function is to take incoming infor-
mation and interpret it in a meaningful or practi-
cal way. They also have found that the brain has an 
easier time making sense of information when it is 
presented in a visual format. Importantly, concept 
maps not only present the information in “visual 
sentences” but also take paragraphs of material and 
present it in an “at-a-glance” format. Therefore, you 
can use concept maps to

 ▶ Communicate and organize complex ideas 
in a meaningful way

 ▶ Aid your learning by seeing connections 
within or between concepts and knowledge

 ▶ Assess your understanding or diagnose 
misunderstanding 

not, then it will appear in the fi rst sentence 
or beginning part of the paragraph.

 ▶ Why is this information important? If I 
have done my job, the text section will tell 
you why it is important, or the examples 
provided will drive the importance home. 
These surrounding clues further explain 
why the main idea was important.

 ▶ How do I “mine” the information presented? 
This was discussed under being a detective.

■ A Marked-Up Reading 
Example

So let’s put words into action. Below is a passage 
from the text. I have marked up the passage as if I 
were a student reading it for the fi rst time. It uses 
many of the hints and suggestions I have provided. 
Remember, it is important to read the passage 
slowly and concentrate on the main idea (concept) 
and the special terms that apply.
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XXXII TO THE STUDENT—STUDY SMART

• Each arrow should have a label, a 
very short phrase that explains the 
relationship with the next term. In the 
end, each link with a label reads like a 
sentence.

6. Once you have your map completed, redraw 
it in a more permanent form. Box in all terms 
that were on the sticky notes. Remember 
there may be more than one way to draw a 
good concept map, and don’t be scared off 
if at first you have some problems mapping; 
mapping will become more apparent to you 
after you have practiced this technique a 
few times using the opportunities given to 
you in the early chapters of the textbook.

7. Now look at the map and see if it answers 
the following. Does it:
• Define clearly the central idea by 

positioning it in the center of the page? 
• Place all the terms in a logical hierarchy 

and indicate clearly the relative 
importance of each term?

• Allow you to figure out the relationships 
among the key ideas more easily?

• Permit you to see all the information 
visually on one page?

• Allow you to visualize complex 
relationships more easily?

• Make recall and review more efficient? 

Example
After reading the section on “Protein Synthesis,” a 
student makes a list of the terms used and maps the 
concept. Using the steps outlined above, the student 
produces the following hierarchical map. Does it 
satisfy all the questions asked in (7)?

Practical Uses for Mapping
 ▶ Summarizing textbook readings. Use 

mapping to summarize a chapter section or 
a whole chapter in a textbook. This purpose 
for mapping is used many times in this text.

 ▶ Summarizing lectures. Although producing 
a concept map during the classroom period 
may not be the best use of the time, making 
a concept map or maps from the material 
after class will help you remember the 

 ▶ There are many different types of concept 
maps. The two most used in this textbook 
are the process map or flow chart and the 
hierarchical map. The hierarchical map 
starts with a general concept (the most 
inclusive word or phrase) at the top of the 
map and descends downward using more 
specific, less general words or terms. In 
several chapters in this textbook process 
or hierarchical maps are drawn—and you 
have the opportunity to construct your own 
hierarchical maps as well.

Concept mapping is the strategy used to pro-
duce a concept map. So, let’s see how one makes a 
hierarchical map. 

How to Construct a Concept Map
1. Print the central idea (concept or question 

to be mapped) in a box at the top center of a 
blank, unlined piece of paper. Use uppercase 
letters to identify the central idea.

2. Once the concept has been selected, identify 
the key terms (words or short phrases) that 
apply to or stem from the concept. Often 
these may be given to you as a list. If you 
have read a section of a text, you can extract 
the terms from that material, as the words 
are usually boldfaced or italicized. 

3. Now, from this list, try to create a hierarchy 
for the terms you have identified; that 
is, list them from the most general, most 
inclusive to the least general, most specific. 
This ranking may only be approximate and 
subject to change as you begin mapping.

4. Construct a preliminary concept map. This 
can be done by writing all of the terms on 
Post-its®, which can be moved around easily 
on a large piece of paper. This is necessary 
as one begins to struggle with the process of 
building a good hierarchical organization.

5. The concept map connects terms associated 
with a concept in the following way:
• The relationship between the concept 

and the first term(s), and between terms, 
is connected by an arrow pointing in the 
direction of the relationship (usually 
downward or horizontal if connecting 
related terms).
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TO THE STUDENT—STUDY SMART XXXIII

important points and encourage high-level, 
critical reasoning, which is so important in 
university and college studies. 

 ▶ Reviewing for an exam. Having concept maps 
made ahead of time can be a very useful 
and productive way to study for an exam, 
particularly if the emphasis of the course 
is on understanding and applying abstract, 
theoretical material, rather than on simply 
reproducing memorized information.

 ▶ Working on an essay. Mapping also is a 
powerful tool to use during the early stages 
of writing a course essay or term paper. 
Making a concept map before you write 
the fi rst rough draft can help you see and 
ensure you have the important points and 
information you will want to make.

 ■ Send Me a Note
In closing, I would like to invite you to write me and 
let me know what is good about this textbook so I 
can build on it and what may need improvement so 
I can revise it. Also, I would be pleased to hear about 
any news of microbiology in your community, and 
I’d be happy to help you locate any information not 
covered in the text.

I wish you great success in your microbiology 
course. Welcome! Let’s now plunge into the won-
derful and often awesome world of microorganisms.

—Dr. P
Email: jeffrey.pommerville@gccaz.edu
Web site: http://www.gccaz.edu/directory/jeffrey-pommerville
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