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PREFACE

Microbiology: An Introduction, fourth edition, is a comprehen-
sive text for students in a wide variety of programs, includ-
ing allied-health sciences, biological sciences, environmental
studies, animal science, forestry, agriculture, home econom-
ics, and liberal arts. It is a beginning text, assuming no previ-
ous study of biology or chemistry.

During the ten years since the publication of the first
edition, this book has been used at more than 800 colleges
and universities by over 350,000 students. We have been
gratified to hear from instructors and students alike that the
book has become a favorite among their textbooks—a learn-
ing tool that is both effective and enjoyable.

Features of the Revision

Our primary goal for the fourth edition of Microbiology: An
Introduction was to update the book throughout, making cer-
tain it reflects the important new discoveries of the past few
years. We also wanted to give our book a fresh look with new
photomicrographs, new color illustrations and photographs,
and a more inviting design. At the same time, we wanted to
maintain a manageable length and the emphasis on the clear
coverage of fundamental principles of microbiology. Every
page of the book was scrutinized with these goals in mind.
The following list highlights the resulting major changes in
the fourth edition:

* One of the noticeable changes for this edition is the
use of full color for many of the illustrations and pho-
tographs. Moreover, many of the illustrations have
been redrawn. Color is used in the illustrations to
highlight key concepts and to focus attention on the
key elements of the discussion. For example, mole-
cules such as DNA and ATP are the same color
throughout the book to help students follow pathways
and see mechanisms. Colored electron micrographs
were selected to highlight structures without distort-
ing natural perspective. Color should help students
relate new information to the professional environ-
ment by providing accurate examples of organisms
and stains.

* A new chapter (Chapter 9) entitled Recombinant DNA
and Biotechnology has been added to reflect the in-
creasing importance of this topic, which has been
called the technology of the 1990s. This chapter de-
scribes the principles employed and their numerous
applications and includes many new figures at a level
commensurate with the background of the average
undergraduate student.

¢ The immunology chapters (Chapters 17 to 19) have
again been thoroughly revised, expanded, and reorgan-
ized in response to the many changes that have taken
place recently in this dynamic, rapidly evolving field.
The discussion of AIDS, for example, has been rewrit-
ten in response to current research findings and appli-
cations.

In the chapters dealing with diseases (Chapters 21 to
26), many new photographs have been added, and the
majority of these are in color. All discussions of dis-
eases have been carefully scrutinized and updated.
The treatment of oral diseases has been expanded
greatly, and several new illustrations have been added
in response to user comments.

Many of the MMWR and Microbiology in the News
boxes have been replaced with more timely articles.
Microbiology Highlights boxes contain interesting in-
formation relevant to the study of microbiology that
we hope will further motivate students.

Chapter 5, Microbial Metabolism, has been completely
revised to further clarify the basic principles.

Chapter 8, Microbial Genetics, has been carefully re-
vised to include updated information on molecular
biology.

Features Retained from the Earlier Editions

We have retained in this new edition the features that made
the previous editions so popular. These include:

vii
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* An appropriate balance between microbiological fun-
damentals and applications and between medical
applications and other applied areas. As in previous
editions, basic principles are given greater emphasis
than applications, and health-related applications are
emphasized. Applications are integrated throughout
the text, and considerable attention is devoted to
microorganisms in habitats outside the human body.
We hope that all students will gain an appreciation of
the fascinating diversity of microbial life, the central
roles of microorganisms in nature, and the importance
of microorganisms in our daily lives.

* An illustration program carefully developed to sup-
port the text. Included are both state-of-the-art elec-
tron micrographs that dramatically show microbial
structures and light micrographs that more closely re-
semble what is usually seen in a microbiology labora-
tory. As with previous editions, quality line drawings
support text discussions. In the fourth edition, we
have improved many illustrations and added new dia-
grams to further enhance the visual quality of the text.

* Straightforward presentation of complex topics. Each
section of the text has been revised with the student in
mind to maintain the clarity of explanation for which
our book has been known.

Phonetic pronunciations. Throughout the text, pho-
netic pronunciations are provided in parentheses for
the majority of genus and species names for micro-
organisms. The pronunciations are typically provided
at the point where the terms are first introduced. A
comprehensive, consolidated list of all phonetic pro-
nunciations cited in the book appears following the
Appendices.

Several appendices at the end of the book heighten its
usefulness. Appendix A is the Classification of Bacte-
ria According to Bergey’s Manual of Systematic Bacteriol-
ogy. Appendix B, Word Roots Used in Microbiology,
provides basic rules of pronunciation and some pho-
netic pronunciations for genus and species names
used in the text. Appendix C is a Most Probable Num-
bers (MPN) Table, and Appendix D describes Methods
for Taking Clinical Samples. Appendix E, Biochemical
Pathways, provides more elaborate illustrations of
these key biochemical concepts. Appendix F provides
background on Exponents, Exponential Notation,
Logarithms, and Generation Time. A Glossary follow-
ing the appendices provides definitions of all impor-
tant terms used in the text.

Course Sequences

We have organized the book in what we feel is a useful fash-
ion, but we recognize that the material might be effectively
presented in a number of alternative sequences. For those
who wish to follow another sequence, we have made each
chapter as independent as possible and have included nu-
merous cross-references. Thus, the Survey of the Microbial

World, Part Two, could be studied at the beginning of a
course, immediately after Chapter 1. Applied Microbiology
and the Environment, Part Five, could follow Parts One and
Two. Or, Chapter 8, Microbial Genetics, and Chapter 9, Re-
combinant DNA and Biotechnology, can be covered with
Part Five. Since Chapters 7 and 20 both deal with the control
of microbial growth, they could be covered together. The
material on Microorganisms and Human Disease, Part Four,
readily lends itself to rearrangement or selective coverage.
The various diseases are organized into chapters according to
the host organ-system affected. The Instructor’s Guide pro-
vides detailed guidelines for organizing the disease material
in several alternative ways.

Supplementary Materials

All the ancillaries to the text have been revised by their origi-
nal authors:

» Study Guide

The Study Guide, by Berdell Funke, will help students
master and review major concepts and facts from the
text. Each chapter of the Study Guide begins with a chap-
ter summary organized by the text headings. Important
terms are printed in boldface type and are defined, and
important figures and tables from the text are included.
Following the summary is an extensive self-testing sec-
tion containing matching questions, fill-in questions,
and an answer key.

* Instructor’s Guide

The Instructor’s Guide, by Christine Case, includes many
practical suggestions for using the text in a course. Sug-
gested course outlines and corresponding text pages
provide maximum flexibility in organizing your course.
Important fourth edition changes are highlighted for
each chapter to facilitate the transition from the third to
the fourth edition. Also included are answers to study
questions from the text. Special case studies of clinical
issues ask students to be “medical detectives” by solving
the problem presented.

» Software
Benjamin/Cummings Testing Software is available for IBM
PC and Macintosh personal computers.

* Transparencies
Acetate overhead transparencies of 200 two-color and
full-color line drawings from the text are available from
the publisher to qualified adopters.

* Transparency Masters
Transparency masters for all the line drawings from the
text are available in a reproducible format from the pub-
lisher to qualified adopters.

* Slides
Two slide sets to complement instructors’ lectures are
available to qualified adopters. The topics of the slide

sets are (1) Microbial Agents of Disease and (2) Human
Immunodeficiency Virus.



e Lab Manual

Laboratory Experiments in Microbiology: Brief Edition (third
edition, 1992), by Ted Johnson and Christine Case, is a
very successful lab manual that has been updated
throughout with new exercises on genetic engineering,
transformation, bioremediation, and new safety guide-
lines for the handling of blood and body fluids according
to CDC guidelines. The manual is organized so that lab
report forms immediately follow each exercise. A de-
tailed Instructor’s Guide for the lab manual facilitates
preparation for laboratory sessions.
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A Student’s Guide to Micro

T DR

CHAPTER 1

The Microbial
World and You

Learning objectives open each chapter
Each chapter begins with learning objectives,
directing the student to the chapter’ s important
points for mastery.

The authors effectively use examples
throughout the text to illustrate the study of
microorganisms. Chapter 1, for example, begins
with a discussion of the impact of AIDS during
the past decade as an example of how
microorganisms affect our lives and what

a well-known actor was suffering from AIDS (ac-
quired immunodeficiency syndrome). The Ameri-
can public had heard about the disease, but until then

LEARNING OBJECTIVES l n the summer of 1985, newspapers announced that

« Identify the contributions to microbiology made by Anton
van Leeuwenhoek, Robert Hooke, Louis Pasteur, Robert

Koch, Joseph Lister, Paul Ehrlich, Alexander Fleming, and
Edward Jenner.

« Compare the theories of spontaneous generation and bio-
genesis.

* Recognize scientific genus and specific epithet names.

+ List the major groups of organisms studied in micro-
biology.

» List at least four beneficial activities of microorganisms.

* Define normal flora.

+ Define immunology, microbial ecology, microbial genetics,

AIDS had not been perceived as much of a health
threat by the majority of Americans, perhaps because
the victims were primarily from a group outside the
mainstream of American society—male homosexuals.
While the actor sought treatment in hospitals in
France, Americans became increasingly aware of the
illness that would end the life of one of their screen
idols as well as the lives of over 8000 other Americans
that same year.

The general public was just beginning to worry
about what would become the most frightening epi-
demic of the century. Yet medical researchers had been

microbiologists do.

microbial physiology, molecular biology, and virology.

gathering information about the
for several years. The same conce]
that had helped them identify ot
means of transmission, and treat
applied to the study of AIDS.
AIDS came to public attention i
from Los Angeles that a few youn,
had died of a previously rare t
known as Pneumocystis (nii-mo-s
These men had experienced a sever]
immune system, which normally fi
ease. Soon these cases were correl
sual number of occurrences of a r:
Kaposi’s sarcoma, among young
Similar increases in such rare di
among hemophiliacs and intravend
By the end of 1990, nearly 16(
United States had been diagnosed
Part One photo, page 1: Although billions of microorganisms are  and more than 50% of them had di
present in, on, and around us, they are too small to see without  disease. A great many more people
special instruments such as this compound light microscope. for the presence of the AIDS virus i

+ List i of DNA, bie and
bioremediation.

2

Text and illustrations are fully integrated
The integration of text and illustrations is a key
to the success of Microbiology: An Introduction,
fourth edition. These pages from Chapter 4
highlight the illustration program. Notice the
clearly rendered diagram in Figure 4.5 with key
structures labeled and in color. The procaryotic
cell reappears in Figure 4.6 as an orienting
figure.

Sytoplasmy Nuclear area (nucleoid)
containing DNA

Plasmid

Plasma (cytoplasmic)
membrane

from Chapter 2 that the p forms of amino acids are
unusual. Since only encapsulated B. anthracis cause
anthrax, it is possible that the capsule prevents phago-
cytosis.

Another function of the sticky glycocalyx is to
allow a bacterium to attach to various surfaces in order
to survive in its natural environment. Through attach-
ment, bacteria can grow on diverse surfaces such as
rocks in fast-moving streams, plant roots, human teeth
and tissues, and even other bacteria. Streptococcus
mutans (mi'tans), an important cause of dental caries,
attaches itself to the surface of teeth by a glycocalyx.
The capsule of Klebsiella pneumoniae (kleb-sé-el'la nii-
mo'né-i) prevents phagocytosis and allows this bacte-
rium to adhere to and colonize the respiratory tract.

S. mutans may use its capsule as a source of nutri-
tion by breaking it down and-utilizing the sugars when
energy stores are low. A glycocalyx can protect a cell
against dehydration. Also, its viscosity may inhibit the
movement of nutrients from the cell.

FLAGELLA

Some procaryotic cells carry flagella (singular, flagel-
lum, meaning whip), which are long filamentous ap-
pendages that propel bacteria (see Figure 4.5).

Bacterial cells have four arrangements of ﬂagella
(Figure 4.6)— ich (single polar

THE PROCARYOTIG CELL = 73

FIGURE 4.5 Structure of a
typical procaryotic (bacterial)
cell. In this diagram, the cell
has been cut lengthwise to
reveal the internal structures.

Ribosome

Fimbriae

Flagella

amphitrichous (single flagellum at each end of the
cell), lophotrichous (two or more flagella at one or
both poles of the cell), and peritrichous (flagella dis-
tributed over the entire cell).

A flagellum has three basic parts (Figure 4.6e). The
long outermost region, the filament, is constant in di-
ameter and contains the globular (roughly spherical)
protein flagellin arranged in several chains that inter-
twine and form a helix around a hollow core. Flagellar
proteins serve to identify certain pathogenic bacteria
In most bacteria, filaments are not covered by a mem-
brane or sheath, as in eucaryotic cells. The filament is
attached to a slightly wider hook, which consists of a
different protein. The third portion of a flagellum is the
basal body, which anchors the flagellum to the cell wall
and plasma membrane.

The basal body is composed of a small central rod
inserted into a series of rings. Gram-negative bacteria
contain two pairs of rings. The outer pair of rings is
anchored to various portions of the cell wall, and the
inner pair of rings is anchored to the plasma mem-
brane. In gram-positive bacteria, only the inner pair is
present. As you will see later in the chapter, the fla-
gella (and cilia) of eucaryotic cells are more complex
than those of procaryotic cells.

Bacteria with flagella are motile. That is, they have
the ability to move on their own. Each procaryotic fla-
gellum is a semirigid, helical rotor that moves the cell
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74 « CHAPTER4: ANATOMY OF AND CELLS
Text and illustrations are fully integrated
Figure 4.6: The color photographs (a) through
(d) illustrate examples of the flagellum structure
@ e—— diagrammed in part (e). Note the orientation

diagram. Part (f) shows the use of the flagellum.

i
i

e
10 pm

FIGURE 4.6 Flagella. Four basic types of flagellar arrangements:
@ i (Legionella il
(d) peritrichous (

(e) Parts and

(b) amphitrichous; (c) lophotrichous;
of a flagellum of a gram-
negative bacterium. (f) Types of bacterial motility, showing a “run” and a “tumbld

Color supports the learning process

The illustration program includes many step-by-
step diagrams that help the reader understand
important processes. This example from Chapter
27 illustrates the steps in sewage waste
treatment.

sludge

Aeration
tank (Figu

Anaerobic sludge
digester
(Figure 27.15)

Drying beds for
digested sludge

SECONDARY TREATMENT

Outer
membrane
Cell wall Outer pai
Peptidoglycan of rings
layer
AQUATIC MICROBIOLOGY AND SEWAGE TREATMENT « 689
Plasma
membrane
PRIMARY TREATMENT
(e Cytoplasm

Secondary treatment
trickling filter (Figure 27.14) Disinfection—
chlorine added

Secondary sludge

Sludge removal
o

FIGURE 27.10  Steps of typical sewage waste treatment. A particular system
would use either activated sludge aeration tanks or trickling filters, not both, as
shown in this figure. The sludge is disposed of in landfills or agricultural land.
Microbial activity occurs aerobically in trickling filters or in activated sludge aeration
tanks and anaerobically in the anaerobic sludge digester.

water is initially aerated to provide a relatively high
level of dissolved oxygen and is seeded with bacteria if
necessary. The filled bottles are then incubated in the
dark for five days at 20°C, and the decrease in dis-
solved oxygen is determined by a chemical or elec-
tronic testing method. The more oxygen that is used
up as the bacteria degrade the organic matter in the
sample, the greater the BOD—which is usually ex-
pressed in milligrams of oxygen per liter of water. The
amount of oxygen that normally can be dissolved in
water is only about 10 mg/liter. Typical BOD values of
waste water may be twenty times this amount. If this
waste water enters a lake, for example, bacteria in the

lake begin to consume the organic matter responsible
for the high BOD, rapidly depleting the oxygen in the
lake water.

Secondary Treatment

After primary treatment, the greater part of the BOD
remaining in the sewage is in the form of dissolved
organic matter. Secondary treatment, which is primar-
ily biological, is designed to remove most of this or-
ganic matter and reduce the BOD (Figure 27.10). In
this process, the sewage undergoes strong aeration to
encourage the growth of aerobic bacteria and other
microorganisms that oxidize the dissolved organic
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New color photographs are effective

The illustration program for the fourth edition
includes many new full-color photographs to
enable the reader to better visualize the effects

FIGURE 21.8
(herpes zoster), shown affecting the back of this patient.

The eradication of smallpox was possible because
there are no animal host reservoirs for the disease.
Once an effective vaccine became available, eradica-
tion was accomplished by a concerted vaccination ef-
fort coordinated by the World Health Organization

Currently, the smallpox virus collections in labora-
tories have been the most likely sources of new infec-
tions. The risk of such infection is not merely a hypo-

Typical lesions associated with (a) chickenpox and (b) shingles

Chickenpox is acquired by infection of the respira-
tory system, and the infection localizes in
after about two weeks. The infected skin is vesicular

skin

cells

of diseases caused by microbes.

for three to four days. During that
with pus, rupture, and form a scab|
ure 21.8a). Lesions are mostly c
throat, and lower back. The vesil
appear in the mouth and throat,

thetical concern as there have already been several  occurs in adults—which is not fr 344
laboratory-associated infections, one of which caused  high incidence in childhood grant:
death. Today, only two sites maintain the smallpox persons—it is a more severe disea: = = |
virus, one in the United States and one in the USSR.  mortality rate. | [
Reye’s syndrome is an occasio: |
CHICKENPOX (VARICELLA) AND o ‘,“F'K“""“P(‘i“r i"ﬁ““’:ﬁ“naf }
SHINGLES (HERPES ZOSTER) R O Ry AIRG e |
ceded, the patient persistently v |
Chickenpox (varicella) is a relatively mild childhood  signs of brain dysfunction. Coma . " |
disease. After gonorrhea, it is the most common re- of the liver, and death can follow. AIDS: The Risk to Health Care Workers ;
portable infectious disease in the United States. It is  age in survivors is from brain swell ‘ |
probably greatly underreported, and more than 2 mil-  blood circulation. At one time, t : ; |
lion cases probably occur each year in the United  ported cases approached 90%, bu ‘ mﬁ"‘é.i',‘;“ﬁ,“.f,ﬁl?;;"f""'“'“ﬁz zg:!x s:om«o: lev h-_::q m mum;::: Z““""'"S‘.‘fﬁ"m“‘iﬁ;"&i;‘ |
States. Disease summaries of the Centers for Disease  declining with improved care and [ i ot st ire m“"" ;“‘mi e Ry w""” 'w‘”' ‘I'!?:' e

Control show that about 100 deaths per year, usually
from encephalitis (infection of the brain), are attributed
to chickenpox.

when the disease is recognized a|
Reye’s syndrome affects children a
exclusively. The use of aspirin to la

Box program
An innovative box program supports the text
with interesting stories and clinical examples of
microbiology in action. The three types of boxes
are Microbiology in the News, Microbiology
Highlights, and the newsworthy Morbidity and
Mortality Weekly Report boxes. This example,
AIDS: The Risk to Health Care Workers,

throughout the fourth edition.

tracting AIDS after exposure to body
fluids of infected patients. However,
when precautions are observed, the
risk to workers is very small, even for
those treating AIDS patients,

Understanding the Risk

The first protection for health care
workers is a clear understanding of
how AIDS can (and cannot) be trans-
mitted in the course of their work. To
date, direct inoculation of infected
material is the only proven method of
transmission in the health care envi-
ronment. Infected materials that can
transmit AIDS are blood, semen, vagi-
nal secretions, and breast milk. The
most common route of transmission is
through accidental needle sticks.
However, inoculation is also possible
if infected material contacts mucous
membranes or a break in the health
care worker's skin. There is no evi-
dence of HIV transmission by aero-
sols, the fecal-oral route, mouth-to-
mouth or casual contact, or via envi-
ronmental surfaces such as floors,
walls, chairs, and toilets. Saliva, tears,
cerebrospinal fluid, amniotic fluid, and
urine do not pose the same risk as
other body fluids.

The number of health care workers
who have become infected and the
sources of their infections are being
carefully monitored by the CDC. In the
United States, by the end of 1990, 37

tracted HIV infections, 29 of these fol-
lowing needlestick injuries. Six cases
had extensive contact with biood of
infected patients and did not observe
routine barrier precautions. Addition-
ally, two workers in industrial labora-
tories producing large quantities of

In addition to monitoring all health
care workers who have actually con-
tracted HIV, the CDC and others also
study workers who have been ex-
posed to infected materials, to deter-
mine the magnitude of risk. The larg-
est study followed 4000 health care
workers who had been exposed to
HIV, 1200 by needlesticks. The study
found that the probability of infection

not normally associated with disease
transmissions with 1:100 dilution of
household bleach. A 1:10 dilution is
recommended for disinfecting a spill.

Prophylactic Treatment After
Exposure

Avoidance of exposure is the health
care worker's first line of defense.

following a injury  with
blood containing HIV is 0.4%. The
probability of infection from mucous
membrane exposure to blood is 10
times lower. The probability of acquir-
ing hepatitis B from a needlestick in-
Jury with blood containing HBV is from
6 to 30%.

Precautions

In 1985, the CDC developed the strat-
egy of “universal precautions," which
should be followed in all health care
settings. These are:

Gloves. Disposable gloves should be
used for direct exposure to infected
blood, other body fluids, and tissues.
Double-gloving is recommended dur-
ing invasive surgical procedures. Per-
sonnel should not work when they
have open skin lesions, weeping der-
matitis, or cutaneous wounds.

Gowns, Masks, and Goggles. Masks
and protective eyewear are recom-

and in the laboratory.

Needles. To minimize the risk of nee-
dle sticks, needles should not be
resheathed and should be put in a
puncture-proof container for steriliza-
tion and disposal.

5 . ex-
posure cannot always be prevented.
Promising new evidence points to the
possibility that exposed persons may
be able to reduce their risk by prophy-
lactic use of AZT. The National Insti-
tutes of Health and the University of
California at San Francisco are devel-
oping recommendations for use of
AZT.

The Risk to Patients

Transmission of HBV and HIV from
health care workers to patients during
invasive dental procedures (tooth ex-
tractions) has been documented.
Restrictions on the procedures that
can be performed by health care
workers with HIV infection have also
been considered by the American
Medical Association, the American
Dental Association, the CDC, and
other organizations, Their recommen-
dations state that the risk of HIV trans-
mission from health care workers to
patients is greatest during invasive

cedures should be made on an
individual basis.

Adapled from MMWR 38/(S-2) (5/12/89);
MMWR 39(5-6) (6/23/89); MMWR 39:489
(7127/80).

i i health care workers who denied other - mended when splashes are expected, procedures and that decisions regard-
ﬂlustrates the updated materlal found | fisk factors and who were exposed to  such-as during airway manipulation, ing restriction of patient care by in- |
blood from patients with HIV had con-  endoscopy; and dental _procedures, fected workers who perform such pro-




Bacterial Groups (pp. 273-293)

1. Bergey's Manual divides bacteria into sections based on
Gram-stain reaction, cellular morphology, oxygen re-
quirements, and nutritional properties.

. In some cases, the sections include families and orders,
and some bacteria are included as genera of uncertain
tion.
. are long, thin, helical cells that move by
means of an axial filament.
Aerobic/microaerophilic, motile, helical/vibrioid gram-
negative bacteria move by means of one or more polar
Ila.

flagella.
Gram-negative aerobic rods and cocci have polar flag-
ella, Ifﬂngellaud and can utilize a wide variety of or-

ganic com|

. Faculhuvely maerob»c gram-negative rods have flag-
ella, if motile, and include the enterics, Vibrionaceae,
Pasteurellaceae, and the genus Gardnerella.

. Members of the anaerobic gram-negative straight,
curved, and helical rods can be found in humans.
Dissimilatory sulfate-reducing or sulfur-reducing bacte-
ria are anaerobes that are important in the sulfur cycle.

3 Amembh:gnmmgnuvenoedmmmnl flora of the

uman mouth.
10. Ricketma and chlamydias are obligate intracellular par-
asites.
11. Mycoplasmas are bacteria that lack cell walls.
|

Irregular, nonsporing, gram-positive rods include the

irregular-staining cor 3

16. Pathogenic species of mycobacteria are acid-fast.

17. Nocardioform bacteria may be acid-fast; they form short
filaments.

18. Bacteria with unusual morpho!ogmsamdmumdin
this book in terms of the following groups: budding and/

or -ppmdaged, gliding, nonfruiting; gliding, fruiting;

budding; sheal

19. The chemuuto\mphxc bacteria play important roles in
wironment.

the cycles of elements in the en

21. Photosynthetic purple and green bacteria are included in
the group of anoxygenic phototrophic bacteria; they do
‘molecular .

23. x:l:inomyoem produce mycelia and xtproduceby exter-

nal spores.

(ST RUESHoNS—————

Review

1. The following outline is a key that can be used to iden-
tify the medically important groups of bacteria. Fill in
the name of the group indicated by the key.

Name of Group and
Representative Genus
1. Gram-positive
A. Endospore-forming
B. Nonsporing
1. Cocci

2. Rods

1. Gram-negative
A. Cells are helical or
curved
1. Axial
filament

2. Compare and contrast each of the]

(a) Cyanobacteria and algae
(b) Actinomycetes and fungi
(¢) Bacillus and Lactobacillus

(d) Pseudomonas and Escherichia
() Leptospira and Spirillum

(] VnHondll and Bacteroides

2. Reduce CO; to CHy

FURTHER READING + 295

(j) Purple bacteria
(k) Sphaerotilus
W Sulfolobus

(lacking peptidoglycan)

1. Place each section listed in Table 11.1 in the appropriate
division:
(a) Typical gram-positive
(b) Typical gram-negative
(c) Wall-less
(d) Unusual walls

2. Where are each of the following classified in Bergey's
Manual? Why are they described more than once?
(@) Gardnerella
(b) N

(¢) Halobacterium

3. ldenﬁfy the genus that best fits each description given

(n) Thu gram-negative genus is well-suited to degrade
hydrocarbons in an oil spill.

(b) This gram-positive genus presents the greatest
source of bacterial damage to the beekeeping indus-

try.
(c) This gram-negative genus is most probably able to
oxidize arsenic and asbestos compounds and to
clean up polluted water.
(d Tlda gxoup can produce a fuel used for home heating
for generating
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