Preface

Prescon, Harley, and Klein's Microbiology has acquired the repu-
tation of covering the broad discipline of microbiology at a depth
not found in any other textbook. The seventh edition introduces a
new author team. As new authors, we were faced with the daunting
task of making a superior textbook even better. We bring over 40
years of combined research and teaching experience. Our keen in-
terest in teaching has been fostered by our involvement in work-
shops and conferences designed to explore. implement, and assess
various pedagogical approaches. Thus one of our goals for this edi-
tion was to make the book more accessible to students. To accom-
plish this we focused on three specific areas: readability, artwork,
and the integration of several key themes throughout the text.

OUR STRENGTHS
Readability

We have retained the relatively simple and direct writing style used
in previous editions of Prescott, Harley, and Klein's Microbiology.
However, for the seventh edition, we have added style elements de-
signed to further engage students. For example, we have intro-
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duced the use of the first person to describe the flow of information
(e.g.. see chapter openers) and we pose questions within the text,
prompting students to reflect on the matter at hand. Each chapter is
divided into numbered section headings and organized in an out-
line format. Some chapters have been significantly reorganized to
present the material in a more logical format (e.g., chapters 12, 28,
and 39). As in previous editions, key terminology is boldfaced and
clearly defined. In addition, some words are now highlighted in red
tont: these include names of scientists with whom the students
should be acquainted, as well as names of techniques and microbes,
Every term in the extensive glossary, which includes over 200 new
and revised entries, includes a page reference.

Artwork

To engage today’s students, a textbook must do more than offer text
and images that just adequately describe the topic at hand. Our goal
i1s to make the students want to read the text because they find the
material interesting and appealing. The seventh edition brings a
new art program that features three-dimensional renditions and
bright, attractive colors. However, not only have existing figures
been updated, over 200 new figures have been added. The updated
art program also includes new pedagogical features such as con-
cept maps (see figures 8.1, 12.1, and 31.1) and annotation of key
pathways and processes (see figures 9.9 and 11.17).
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matic Integration

i h the advent of genomics and the increased reach of cell biol-
_ the divisions among microbiology subdisciplines have be-
come blurred; for instance, the microbial ecologist must also be
we -‘versed in microbial physiology, evolution, and the principles
pmctlces of molecular biology. In addition, the microbiologist
st be acquainted with all major groups of microorganisms:
wiruses, bacteria, archaea, protists, and fungi. Students new to mi-
 crobiology are asked to assimilate vocabulary, facts, and most im-
f)mtantl}r, concepts, from a seemingly vast array of subjects. The
~ challenge to the professor of microbiology is to integrate essential
- concepts throughout the presentation of material while conveying
- the beauty of microbes and excitement of this dynamic field.
~ While previous editions of Microbiology excelled in incorpo-
q:atmg genetics and metabolism throughout the text, in this edition
'_ we have attempted to bring the diversity of the microbial world
~ into each chapter. Of course this was most easily done in those
3 Eliaptcrs devoted to microbial evolution, diversity, and ecology
ﬁlaptcrs 19 to 30), but we challenged ourselves to bring micro-
diversity into chapters that are traditionally E. coli-based. So,
‘ll!lhuugh the chapters on genetics (chapters 11 to 13) principally
-~ teview processes as they are revealed in E. coli, we also explore
'35":-+ systems as well, such as the regulation of sporulation in
teillus subtilis and quorum sensing in V. fischerii (see figures
19 through 12.21).
~ We also thought it was importanl to weave the thread of evo-
ion throughout the text. We start in the first chapter with a dis-
ssion of the universal tree of life (see figure 1.1), with various
nditions of “the big tree” appearing in later chapters. Impor-
ntly, we remind students that structures and processes evolved

the 'title and the tone of chapter 13—now called Micrab:'a! Ge-
metics: Mechanisms of Genetic Variations—have been changed).
:I?. y, the seventh edition of Microbiology explores theories re-
arding the origin of life at a depth not seen in other microbiol-
1y texts (chapter 19).

* Indeed, depth of coverage has been one of the mainstays of
- Prescot Harley, and Klein's Microbiology. The text was founded
1 n two fundamental principles: (1) students need an introduction
"In the whole of microbiology before concentrating on specialized
- areas, and (2) this introduction should provide the level of under-
 standing required for students to grasp the conceptual underpin-
ne of facts. We remain committed to this approach. Thus the
renth edition continues to provide a balanced and thorough in-
pduction to all major areas of microbiology. This book is suitable
for courses with orientations ranging from basic microbiology to
~medical and applied microbiology. Students preparing for careers
illn.'nedlcme dentistry, nursing, and allied health professions will
find the text as useful as will those aiming for careers in research,
hing, and industry. While two courses each of biology and
 chemistry are assumed, we provide a strong overview of the rele-
~ vant chemistry in appendix [.
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CHANGES TO THE SEVENTH EDITION

The seventh edition of Prescott, Harley, and Klein's Microbiol-
ogy is the result of extensive review and analysis of previous edi-
tions, the input from reviewers, and casual discussions with our
colleagues. As a new author team, we were committed to keeping
the in-depth coverage that Microbiology is known for, while at
the same time bringing a fresh perspective not only to specific
topics but to the overall presentation as well.

Up-to-Date Coverage

Each year exciting advances are made in microbiology. While we
understand that not all of these are appropriate for discussion in
an introductory textbook, we have incorporated the most up-to-
date information and exciting, recent discoveries to maintain ac-
curate descriptions of structures and processes and to illustrate
essential points. A few specific examples include a current de-
scription of the structure and function of DNA polymerase II1, the
role of viruses in marine ecosystems, the ubiquitous nature of
type III secretion systems, an updated coverage of the inflamma-
tory response, and the current understanding of HIV origins and
avian influenza epidemiology.

Increased Emphasis on Microbial Evolution
and Diversity

Microbial evolution, diversity, and ecology are no longer subdis-
ciplines to be ignored by those interested in microbial genetics,
physiology. or pathogenesis. For example, within the last 10
years, polymicrobial diseases, intercellular communication, and
biofilms have been recognized as important microbial processes
that closely tie evolution to genetics, ecology to physiology, and
ecology to pathogenesis. The seventh edition strives to integrate
these themes throughout the text. We begin chapter 1 with a dis-
cussion of the universal tree of life and whenever possible, bring
diverse microbial species into discussions so that students can
begin to appreciate the tremendous variation in the microbial
world. Chapter 19 now covers microbial evolution in greater
depth than other texts. It has been retitled Microbial Evolution,
Taxonomy, and Diversity and the content significantly revised so
that microbial evolution is presented as a key component of mi-
crobiology. We also introduce and frequently remind students of
the enormity of microbial diversity. Like previous editions, the
seventh edition features specific chapters that review the mem-
bers of the microbial world. The chapters that are specifically de-
voted to ecology (chapters 27 through 29) have undergone
significant revisions. We continue to use the classification
scheme set forth in the second edition of Bergey’s Manual of Sys-
tematic Bacteriology; in addition, we have introduced the Balti-
more System of virus classification and the International Society
of Protistologists’ new classification scheme for eucaryotes in
chapters 18 and 25, respectively.
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0.1 changes per site

Writing for Student Understanding

Our goal as a new author team was to retain the straightforward
writing style of previous editions while at the same time making
the text more readable for the average college student. We have
thus added style elements designed to help the reader understand
the larger context of the topic at hand. For example, the opening
text in several chapters is accompamed by a concept map, €n
abling the student to visvalize the relationships among component
topics found within a chapter. Parts of the text are now wnllen in
first person; we want students to appreciate that we, as authors, un-
derstand that learning is a process that needs to be guided.

Significantly Enhanced Art Program

loday’s student must be visually engaged. The artwork in each
chapter of the seventh edition has been revised and updated to
include realistic, three-dimensional images designed to spark
student interest and curiosity. This new program uses bright
and appealing colors that give the text an attractive look. We
have taken the opportunity to both update and annotate a num-
ber of images so that students can picture a complex process
step-hy-step. New pedagogical features such as concept maps
and annotation of key pathways have been added. The three
dimensional renderings help the student appreciate the beauty
and elegance of the cell, while at the same time making the ma
terial more comprehendible.

Questions for Review and Reflection

Our belief that concepts are just as important as facts, if not more,
is also reflected in the questions for review and reflection that ap-
pear throughout each chapter. Those who have used previous edi-

tions of Microbiology may notice that in addition to questions that
quiz the retention of key facts, new questions designed to be more
thought provoking have been added.

CoNTENT CHANGES By PART

Each chapter has been thoroughly reviewed and almost all have
undergone significant revision. In some chapters, there are
changes in both organization and content (e.g., chapters 11 to 13),
while many other chapters retain the same order of presentation
but the content has been updated. A summary of important new
material by parts includes

Part |

Chapter 1—Expanded introduction to the three domains of life
and the microbes found in each domain.

Chapter 3—Increased coverage of the difference between ar
chaeal and bacterial cellular structure.

Chapter 4—Reorganized and updated discussion of the

biosynthetic-secretory pathway and endoc ylosis.

Partll

Chapter 6—Updated discussion of the procaryotic cell cycle, in-
cluding current models of chromosome partitioning and seplation;
updated and expanded coverage of biofilms and guorum sensing.

Part lll

Chapter 8—A new section providing an overview of metabolism
and a framework for the more detailed discussions of metabo-
listn that follow; chemotaxis is introduced as an example of
regulation of a behavioral response by covalent modification
of enzymes.

Chapter 9—Reorganized discussion of chemoorganotrophic me-
tabolism to illustrate the connections among the pathways used



how these pathways supply the materials needed for an-
am: addition of a discussion of thodopsin-based phototrophy.
apter 10—Reorganized 1o more clearly correlate N-, P-, and
S-assimilation mechanisms with the synthesis of amino acids
* and nucleotides: discussion of peptidoglycan synthesis is in-
cluded in the discussion of polysaccharide biosynthesis.

~ PartIV

. Chapter 11—Reorganized to focus solely on genome structure
~ andreplication, gene structure, and gene expression.

~ Chapter 12— Focuses exclusively on the regulation of gene ex-
pression; reorganized according to level at which regulation
pecurs; updated and expanded discussion of riboswitches and
- regulation by small RNA molecules.

~ Chapter 13- Covers mutation, repair, and recombination in the
~ context of processes that introduce genetic variation into pop-
ulations.

~ PartV

* Chapter 14— Begins with. and then builds upon. a concept map
* describing the principal steps involved in the construction of
recombinant DNA molecules with emphasis that recombinant
DNA technology is not confined to a few model and industrial
. MICrDOrganisms.

" Chapter 15—Rewritten to explore the many ways in which ge-
nomics has changed microbiology. Expanded sections on
bininformatics and functional genomics, and a new scction in-
troduces environmental genomics (metagenomics).

~ PartVl

' apter 16—A new section describing virus reproduction in
general terms, so that this chapter can now stand alone as an
introduction to viruses.

Eﬂ vil

- Chapter 19— Rewritten and re-titled Microbial Evolution, Tax-
~ aiomy, and Diversity; the chapter now opens with an in-depth
discussion of the origin of life. Discussion of molecular tech-
figues and their importance in microbial taxonomy has also
been expanded.

~ Chapter 20—In keeping with recent discoveries describing the
~ ubiguity of archaca, the seventh edition presents the differ-
- ences between microbes in the bacterial and archacal domains
~ in chapter 3. Thus chapter 20 now presents a more in-depth
Took at some of the specifics of archaeal physiology. genetics,
- laxonomy, and diversity.

- Chapter 25—The protist chapter has been completely rewritien in
 accordance with the 2005 reclassification of the Eucarya by the
. Imtemational Society of Protistologists. Emphasis is placed on
medically and environmentally important protists. Thus the chap-
fer entitled The Algae found in previous editions has been climi-
mated and photosynthetic protists are now covered in chapter 25.

-
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Part VIl

Chapter 27—Rewritten and re-titled Biogeochemical Cyeling
and Introductory to Microbial Ecelogy, Expanded coverage of
biogeochemical cycling now includes the phosphorus cycle.
Discussion on microbial ecology emphasizes the imporance
and application of culture-independent approaches. Discus-
sion of water purification and wastewater treatment has been
moved to chapter 41, Applied and Industrial Microbiolagy.

Chapter 28—Expanded and reorganized to cover the microbial
communities found in the major biomes within marine and
freshwater environments. The role of the oceans in regulating
global warming is introduced.

Chapter 29—Reorganized to first introduce soils as an environ-
ment, is followed by more in-depth and updated treatment of
mycorrhizae, the rhizobia, and plant pathogens. Approaches to
studying the subsurface environment and new discoveries in
this growing field are now included.

Chapter 30— Microbial interactions previously introduced in
chapter 27 have been moved to this chapter. where they are
presented along with human-microbe interactions (previously
presented with innate immunity). helping to convey the con-
cept that the human body is an ecosystem.

Part IX

Chapter 31—Reorganized and updated “nonspecific host resist-
ance” as its own chapter (normal microflora is now in chapter
30); enhanced sections on natural antimicrobial substances.

Chapter 32—Reorganized and updated to enhance linkages bie-
tween innate and acquired immune activities; integrated med-
ical immunology concepls.

Chapter 33—Most virulence mechanisms have been either up-
dated and/or expanded; added section on host defenses to mi-
crobial invasion to link infectious disease processes with host
ITunity.

Part X

Chapter 34—Content focuses on mechanism of action of each
antimicrobial agent; added section on anti-protozoan drugs.
Chapter 35—Now includes both clinical microbiclogy and im-
munology: reorganized and updated to reflect current clinical

laboratory pracrices.

Chapter 36—New focus on the important role of epidemiology
in preventative medicine, thus vaccines are now covered in
this chapter (formerly found in chapter 32); new section on
bioterorrism preparedness added.

Chapter 37— Reorganized and updated to reflect viral pathogene-
sis: select (polential bioterrorism) agents highlighted: influenza
section augmented to include the most current information re-
garding avian influenza: HIV etiology, pathogenesis and treal-
ment sections updated; new section on viral zoonoses.

Chapter 38— Expanded coverage of bacterial pathogenesis; se-
lect (potential bioterrorism) agents highlighted; new sections
on group B streptococcal disease and bacterial zoonoses.
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Chapter 39—Reorganized and updated to reflect disease trans-
mission routes (similar wo chapters 37 and 38); new sections on
cyclospora and microsporidia.

Part X|

Chapter 40— Expanded discussion of lactic acid bacteria, probi-
otics: chocolate fermentation now featured in a Technigques &
Applications box.

Chapter 41— Revised to include water purification and waste-
waler lreatment. New section on nanotechnology; expanded
section on the biochemistry of bioremediation.

TooLs FOr LEARNING

Chapter Preview
* Each chapter begins with a preview—a list of important con-
cepls discussed in the chapter.

==
The History and Scope
of Microbiology

Cross-Referenced Notes

* In-text notes in blue type refer students to other parts of the
book to review.

Review and Reflection Questions within Narrative

* Review questions throughout each chapter assist students in
mastering section concepts before moving on to other Lopics,
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Concept Maps

* Many chapters include a concept map. new 1o
this edition, that outlines critical themes.
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_' ecial Interest Essays

and Microbial Tidbats.

Interesting essays on relevant topics are included
in each chapter. Readings are organized into these
topics: Historical Highlights, Techniques & Appli-
cations, Microbial Diversity & Ecology. Disease,

Preface xvii

Microbial Diversity & Ecology
18.1 SARS: Evolution of a Virus

In Movember 2002, 0 mydlefions pRcumoniz was seen o the
Cramgrlomg Pravesce of China. but the first case of this new type of
poeamnnia was moy reported sl February 3003 Thanks w0 the
e ol glodal (rvel, it ook only a couple of manths for the poee
mpes 1 spred 1o more than 2 coustries in Asie, Burope. and
Marth wnd South America. This mewly emerpeatl pneamania was la-
belsd Severe Acuie Respiraory Seedrome (SARS) aod
it |ve aggeit wia identifiad 3¢ 0 previcusly unrecognized mers
ber of the coronmvirus femily, the SARS-Col Almaost |0F% of the
mougly 000 peaple with SARS died. However. onee the epidemic
wak gantainad, the vines sppeared to “die aul” and wilh the encep
fing of n fe mild sporadic cases in 2004, no sdditonal cases have
~ bieem [demuiied. From where doos o sewly cmengend vinas came !
" What doss it mess when & wirus "dies oo™
W can arswer these guestions thanks to the avaskibi by of the
* pompline SARS-Co¥ genome sequence and the poaet of moleculs
modeling. Caronminases ane large, erveloped v with positive
pirmn) RNA g noames. Theew are knewn o infect 2 vanery of mamimals
and hirde, Resewchers sspecied (hat SARS-CoV had “jmmped”
from [t ammal hest oo bomans, so samples of nifals ol open mar
kets in Guangdong wene Lsken for puclestice squeniong. These shud
Jemreyeabad that coe-llke anlmals ealled masked pulm owits Pugums
Larsar) hasharad variants of the SARS-CoV Albough thousands of
il were e slaughiored, Narder shadies Labed to find widespresd
Infiection of domestic or wild civits. [n addition, expermsental infec-
thow o elvsts with Buman SARS-CoV armins made these ammals i
making e civitam unlikely candslats for the reservos spocoe. Such
wspiepd would be anpected 1o harhor SARS-Col withous sympioss
g than it coekl efficiently spread e vans
Huls are reservair hests of wveral zoonetic vimses [vinases
apeea] froms mnimals 1o people) wcluding the energing Hemdro and
Hipah wiouses that have been found m Ausiralia and East Asia, re-
spectivedy. Ths it wos perhnps mol (o0 surprisang when in 2005, rao
k of international sciencists independetly demonstratd Bl
* Ctinens herseshos hats (gemus B4 o sre the raburd reseryos
of 8 SARS-like coronavines. When the t—_r_._'um:-\-.'n:' thie s and bl
BARS-Co¥ are aligned. 92% of the muclevlsdes are shentsos, Mo
revelisg is alignment of the translated amuno wid ssquences o e
encrchod by each virus, The amiek scad segeences ane 96 ko
- 1008 {Aeenial forall prossins sucepl e recepbor-banding spike pec-
g, which are only 64% (demtical, The SARS-UCoV spike proseim
medintes bedh Bwn coll serface attachment and membraas oo
Thais & musative of ke spile prosein allowed the viras w “jump” from
il Bt cells 1o mhose of another species. 1 s oot Clear 1 the SARS
: T 1

352 Biosensors: The Future Is Now

The 120-pirs-vear-old pathopes detecnon sysiems besod oo culmre
wnd Siochermical phemotyping arc being challonped. Fusled by the
nelease of antiras sporss 10 e LS. postall system, govenmment
ageacics bave been calling for sower technologies for (he ocar-
imemedine detecton and idesuficmron of mucrobes. Ln e et de-
tection technobogics have tmaded spoed for cost and complenity. The
agas plale echtague, relined by Hobert Koch aad hss conlompo-
ruiﬁmlh-lm_nluuuﬂdmdh_ﬂhtﬁcic!m&cdfﬂmt
roleton of Dacieme mtc pure cullercs Sobeoguenl phenolypung
biochermical methods. ofien mang differsntial media m 2 masner
simabar 1o that wed in e isclation sop, en identifie common
bacierial puthogens. Unformmmtely, reliable results from his
process ofich take wversl devs. Maore rapsd seruons of the phen-
typing sysems can be very =ffcient. yet still noguire pure culture
imoculstions. The raped immonological tcsty offer faster detection
mhmmﬂtmtty.EﬂDﬂnwLﬂ:-
parmons, which are cutremely soourate. may requare significant
time for DA seplification and ssgeificass cost for resgents and
semsitive readers. As usaal, necessify his Beg ireenoon

The e fecenl macrobaal defection systems. mamy ol which
s il wabecied w e clanical areae, sownd ftke science fiction gar-
mos. vet pronmse § mew apc (of pesr-emmcdiade detection st sden-
ufication of pathogesi. These iechnoioges ase collectively refered
W & “héoseneors,” Bnd il ihe biossnsor is mcgrsiod with & com-
pﬂﬁrﬁ:mchw&ummminlhn called &
“ecchip.~ Biowrneon should sdeally be capable of highly specific
pecogniton w0 5 W discriminate between noarcst relatives. 2od

“commumicule™ detection through some fype of ransduceng system
Riosensars thal detect specific DNA sequences, exproseed frrsloins,
and metsholic products heve besn developed that wse opical
{meily fuorescence ), electrochemical, of even mass displacement,
1y Fepon detection, The hagh degree of recognition required 1o re-
duce false-poshive resatts has demanded the wniquely specific,
receplor-like captisre that b smaocinted with nucleie noid Bybrdico-
tiom and antibody binding. Seversl microbial biosensors employ
simghe-strandod DN A or RNA sequences, or anibordy, for the detec-
tion componeat. The wensducing of sensing component of bsnsen-
wors may be miskedly different, however For cuample,
microcantilever systoms detect the ncroased mass of the recepior-
bownd Nigand: the sarface acoustic wave deviee detects change in
specific gravity: the bulk quanz resonater moitors fuid density
s visposity; the quartz crystal microbalance measures frequency
charge in proponion w0 the mass of malonial depesited on the arys-
1al: the micromirror semsor uscs an optical fiber wavegmde thal
changes reflectivity; amd the Bquld crystal-based sy viem repons Lhe
reorientation of polarized light. Thes the specific capure of 2 lip-
and is reflecied i the el change measured by cach cystem and re-
sulis in w signal thar asnounces the initisl capousne event. Microchip
comtrol of the primary and subwegoent sccondary sigeals has re-
subted 0 astomation of the detzction prooess. The relinblz delection
of pathogens in comples gpocimens will be the oeal vest a5 each of
theese technologies continsss i compete for & plece in the clinical
laBaraiory

) Poor

fa) Good Il Pooe
Host Range of SARS-CoV Is Determined by Several
Amino Ackd Residues in the Spike Protien. (2 The spie
peotien of the SARS-Co¥ that caused the SASS ephiamir in

2003 - 2003 it thgithy 10 the haman howt ool receptor ACED. (b
Tha civit SARS-CoW has Teo different aming a0ids at positions 4
s 487, This ipske proten bands very poorty 12 human ACEZ

thius the recepton B only weaidy actheated. () The spike protesn
an e hueman SARS-Cot that was kolated from patients n 700
and 2004 also differs from that seen in the epadema Causing

SARS-CoV by two amind soids. This SARS-Col variant Cauned o
miihe, Spaiadic cases.

withmn the RBD, omly Four differ berween civit amd buman. T
these amimo aoids appoad 1o be ol As shown s e Hax figul
compared o the spike RED m the SARS-CoV that caned
10032003 epidermic. the civit ypilie has o sorne (50 smbsttuicd
2 threosine (T 2t posithon 457 I TASTS) and & hysme (K)o pos
179 mnatgad of ssparagine (M) N4TK. This camses a 1000 fed
eresse in the copaciy of the vings 1o bind 1o benas ACEY. Furily
more. the spike foand m SARS-CoV isolsied from paticets m =
andd 0 also has 2 seriie 3 poRion 487 & well & o peolise (F
leucime (L) swbstitution 2 posanon 472 (LATIPL Theic smans
substimitions cookd he respoisible for the redeced »mulcscs of
wins found 1n these more recent nfachons. In orher words. T
mistatons could be the reason the SARS veres “dend ol
Vearshile 3 SARS varome based on the viralent 2002-

sirman v beng eaed. Thus reiscy addstiosal spersisns Dhoses
- T omem -~

\ PR T sndil.

e e e - a
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Chocolate: The Sweet Side of Fermentation

Theendste could be charscierired 5 the “world's (svorite food,™
and wei few people realize that fermentauon is an essential part of
choonlste prodection. The Artecs were ithe first 1o develop chenco-
ke fermmentation. serving & chocnles dnnk mude from Se seods of
the chocolate troe. Thendnmna cocas [(irock e, god snd brnei
food, or Tood of the gads™). Chocolate trees mow grow in West
Afrca g well an Soutlh Ammcrcs
The process of chocolme fonmentation ks changed very htle
over it pasi SO0 years. Each oo produces & Lafpe pod thas contains
50 o 4 seedh in s sty palposec B Fligwre) Ripe pods are has-
wested and slanhed open o rekease the pulp amd soods, The sonser the
formcntation hegins, U hotser the prodact, so [ormontixes G0 on
ithe [ s the bres are grown The weds and pulp are placed in
yaeat borcy” on in hoaps im i grosed and covernd, usally witk ba

ara beaves.

. Historical Highlights
54

mmﬂnpras-wmgqmmmmdmm

kﬁllﬂilcﬂﬂ! maecdia were liguid, which made the isolation of
\ Baeterts no prepene pue culienes extrzmely difficale. In practice. a
L mimire of bacterin was dilwied successively until only one omgan-
s, s ovemge, was present in s culture vessel I sverything
;;ﬁ;ﬂ. the imlivideal bacterium thus isclated would reproduce
_.'-1IﬁH & pure culture, This approsch wus todinis. gave vanuble e
was phigued by comamination problems. Progress in mo-
peni baclerin wnderstandably wan alow
v E . Thedevelopmzn of iechmiques for grosing MCTOONEENESS o0
ik medin and efficiently obiaining pure cultres was due o the
 effiaris of e German boctenologis Roben Koch and his aseoci-
5 i, 18 1881 Koch psblished an article descrbing the use of boile)
el sliced walh a fanse-sterilizsd kmife. in culiurng bectena.
m of asierile slive af potats was moculated with bagier
Bum g meedle g, and then the Baotena were streaked o aver the
'fiﬂnw that m few individual cells would be ssparated from the
::_. w The ibices mere imcubaied hencath bhell jars 50 prevent
i ‘.I-.“- coniamination. and ke isolated cells developed im0 puse
* lonies. Usformnsely many bacieris would nod grow well on po
- mte slies,
Al sbout b sumse tme, Frederick Leeflee. an ssociaie of
EBoch, desplopsd a meat ewtzsct pepone medium For cultivanng

patogeric bacieria. Koch decaded 1o oy sohdifying thie medom
Koch was an smateur photographel —he Wi the fust o ke pho
|::-'rqr|'-i_:"1|+n of hacicns—and was exporeneod @ prepanng hes
ows photographee plates Tioes ulver sally asdd geison. Precisch the
sarse approach was employed for prepareg sobid medha He spread
o mintere of LociTlor's mdeamn anad polatsn over s glass plate. al
howed it 8 handen, and iocuiated the sarisce i e same w2y o
had snxwulated s sliced potstoes. The now wlsd medem = orbed
well hut iz could mot b incubened st 370 i best temperaturs o

Like mos kermestations, this progess mvolves p sucoossenn of
rmicrobes. First, 3 community of yeasts, including Candida regosa
aned Klwyvernmyces movxiames. hydrolyee the pectin thal covers ihe
weerds amd ferment the sugars wo release ethy| sleohol and Cop. As
the temperatuae and the aloohol conceniration increase. the yedsts
are inhibited and loctic acid bacieris increass an number. The mix-
ture is stirfed 1@ aerie the microbes and casure an even iemperatune
distribution. Lactic scid production drives the pH down; this an
courages the growth of bacteria that produce wcetic acid as a fer-
menlston cnd product. Acetic acid s entical w the production of
fime chocalate because it kills the sprout isside the seed and relexses
ensymes il casse fumber degradation af proteing sod carhahy
drates, contributing 10 the overall tste of the chocolute. In addition,
acetaie cuters, derived Trom scetic s, are importand for the devel
opment of good flavor. Fermentation 12kes five o seven days. An
euperbenced cheoolase grower will know whes the Tamentation is
comphetz—if it & stopped 1o snoa the chocnlie will ke biver and
astringest, O the other hand, if fermentation lasis 100 long. mi-
crobes start growing of the seeds istesd of 1o the pulp. "0t
arise when the gram-pasitive bacierium Baciiles and the filamen.
1ows fangi Agpergillis, Pemicillivm, and Mear hydrolyre lipids in
thee seeds b0 release short-chain faty acids. As the pH hegins worise,
the hacteris of the peners Pscadomonn, Erteribacier, and By
cherichin also contribete 10 bad tistes and odor.

Afier fermentation, the seeds, now calbed heans, are spread oul Lo
ey, Ideally this i+ dome in the sun, although diying ovens ane also
wed, The oven-drying mecthod i considered mferlor becaase the
beans cam sogare 3 smoky wste, The dricd beans arc brown and brck
the pulp. They are bagped and sold w chocolote manuafaciurers. whin
first poess che beans 1o further reduce the batier taste and kill mest of
the mrkcrobes (some Baciliug spores may remain). The beans ane then
ground and the nibs—the inncr pan of cach bean—are remived. Thae
mits arc crushed imo a thick paste called & chocolale hguor, which
contaims copos solkds and cocoa batier, bet no aloohol, Cocoa solids

ara s gl Bgvie g b aeeare ool g bairer hac g Baah $o oo,

fewwst hisman hacterial patbopens ) hecause the pristin woakd gl
Frenermone, somw bacictin digeed the polalir

Abcat 5 vear lafer, m 1552, agar was frdt used a5 & solide
agent. It had been discovered by 3 lapasewe makoeper. b
Tararaemon. The story goes that he thres out eura serwesd
ama discowered dhe neul day Bt 10 bad pelled duriag the codd =
night. Agar had been wsed by the East Indies Duotch 1o make
and jams. Fanne Eilshemius Hevse (ure fgare 1. 7). e New Je
hom wife of Walther Hesse, ome of Koch's assisiants. kad ke
of mgar from o Duich soquarstands amd sog pouted s une whe
heznd of the difficulties with gelatin Agar-sduhliod modie
sl in all arc

aE imdtand sucoris and continees o be e
mscroheeloEy.

12 Koch's Molecular Postulates

Alhough the criseria that Koch developed for prnang a causal rela

terhiap Brfwors & MECrOOdEaRs i a8 speific discas have been
of greal Enponsace i medhcal macrobiodogy. it = ool slways paresi-
e 4 spply them in studying bumen divcases. For ersmple, somic
pathopess camnot he gt in pore culture ootcade the host hecase
ey pabuspean grom caly m aimes, thes cudy would roguane ex-
permentsson o people. The shemificarion, rolstwn sid clomeg of
o espoasile for pashopen vinekenoe have made possshle @ new
modecular form of Koch's possulates that resolves some of these di -
ficaltaes. The conphuasis m on the vinukeace genes preseat in the imfec

s pem rathey thas on the agend stsell. The moloculsr postaiates
can b hsely sommarcred s follows

1. The virubence wat mnder study should be msociatod meich mane
with patbespras; wraane of the specics than with nonpath i
draes

(=]

Inactvation of the gene or genes ansociated with the susgpactod

verubence it shissld subsiuntially doorense palhigenicily

3 Replacement of the mutstzd gese withthe nommal wild-1ype gene
shounld fully resiore puthogemiody,

4. The gene should be expresssd st some point during the infection

A disense proocs,

Ansbodies or immune syslem cells direcied nguimst the gene

progucts dhenild protect the how

The malecular approsch canmal abways be applied hecase of prob-
lems smch s the lack of un sppropnabe anamal system, 1t ol s dil

ficelt 1o emplow the molecular postulates when the paikogen b 6ol
well charscicrined gonetically
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has heen used s study the interactions between the £ ol Gex kS
und CiroEL chaperose proteins, o map plasmids by locating re-
strictlon enzymes bound to specific sites, o follow the behavios of
living bacteria and other cells, and 1o visualize membeane proteins
(figure 229,

FA hnmmdhﬂﬂngdﬁgm
b A N iy vl g S e i gglasii, o vloe v, is It i s s #v1 knaran
5 Fefnsdban

b Latmses fowus Bght faws a o Yowal promd ind magnify = siges (Mygsrs 13

1.2 The Light Microscape

i, In g compous migrseope ks lhe brgh feki IO e pruisy
Ag# ks bormed by in obiecive bes anad gitlarpsd hy b dprpsce o swular leos
o el the fimal imape (Mgure 1Y)

h. A substage condesser feeuses & vone of ligts om ehe ipsc rmen.
Micrmope maliiom ingreaas gs e savrlengis of fudisan sead B s
minale the spumen decroams. The manimem resshifion of & light micrs
o b hinil 0.2 s

d. The derk-lield memscope s only pefracand ligha mo form 18 image | By
wre 1.7 & b hom againan & Slawk b kgrvesid

#, Th phase Bl IEACRONC O Sil'verl yunislions 8 e el ve sl and
dEneaty of cell into chanyes im light mensity snd tes makes coloress -
ibairard wells vasihlp (fgwre 29

. The dif wd wnlE s p CORETAS] amicToscope wses (W b of ight

i rhle bugh comdieal, Gewe - dinensionsd i Tages al live yjwvimana
& The Necreioee meicwscope lumisstes o Meorclsome- lsbeio e e
it [onirmia i image Troen (ke s pomormes Mgurw L2

1.3 Preparstion ssd Sinining of Spscimans
i Specimees ussslly mes be fiund el wuined Beliose view ay s n e

b ghi-theld mice wpe

widic dyes 24 Liflienba slmimng M
-l alalnmg 16 wE o ilinesg I8
Wil fevce e Fise g i EvEp ipoes |H
Bdlo dyen 20 finalion M4
frighi Tkl imacmoscope | § Fage lls saiming
EEnaule i ndsg 16 T sirmw ik gy [
chesmice! Fivasen 4 Mewwsoeest fugh 24
Brvenoghure groups M6 Paorni bromas 24
SO wdnning lasor mocrostope fecal langh |8
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Chapter Summaries

il * End-of-chapter summaries are organized by num-
bered headings and provide a snapshot of impor-

1. Fows does 3 contocal microncape specate) Why does # provie befie - tant chapter concepts.

mﬂlﬁimh‘hﬁlhmlmwm’
2. Brefly describe the scanning probe micricope and campase and e
st e mos pogulde seviions — he scanmeng Tuneing s ope and
e JIBEL Rorte macesope. What e Teese mecreicopes wied !

3 Meml dyEs s ooy posi wely chanped Pase: dpes of megenoe aods, dyes snd
brimad b ol praris o il
Ie wrple Gumng » R OvE B el o Gl M T

1 IhSewnis minesg perdsrys bis (b g g mad s b el wn Sl
s Briwees mucrobial grosps by sy teem diffescaty §Bgare 215

¢ S iy Wl sy el o s il e ¥ s B sl
el fagels s endonpores Sgee L14

14 Blection Macroicopy
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End-of-Chapter Material

* Key Terms highlight chapter terminology and B8 Chupter2 he Study of Mcsobial Strctue

list term location in the chapter.

* Critical Thinking Questions supplement the
questions for review and reflection found -
throughout each chapter: they are designed to cremope. it e ige .y ey v s Senmnrs v b e ity ? ot

i obviem such phusiographs or fgares

Critical Thinking Questions

L s ull Lamatad hor sy ey i g s vom bow e Svoiph vour licte s method of chisor fiar ghe

In i o = b Gl o e of 8 gty macroprapk i banTEME O T ah

stimulate analytical problem solving skills. et dacos micgaph, o et D B

* Learn More includes a short list of recent and
relevant papers for the interested student and

can b'e b BT | S —— L T T SR R ——
hLTE oF @ty Mew Yook Plenun

professor. Additional references

found at the Prescott website at www.mhhe. " s A e Gy e e kg S, R 104 Chai's g

Howter, | K H ., amed Sliles. ML) 3003 Scasmang probe Evodithon o baskogy. Lrwmer Stephess. 1) ). and ARan, V. ). 3001 | Eht mscm moaey tebsagiies for 1ve cell fif

com/prescott7.
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LT
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Pl particulle lype of mics menpy was the
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for additional references.

Please visit the Prescott website at www.mhhe.com/prescont?




ENT RESOURCES
dent Study Guide

' ent Study Guide is a valuable resource that provides
ng objectives, study outlines, learning activities, and self-

ing material to help students master course content.

R
>

yratory Exercises in Microbiology

The seventh edition of Laboratory Exercises in Microbiology by

ohn P. Harley has been prepared to accompany the text. Like the
fext, the laboratory manual provides a balanced introduction in
ch area of microbiology. The class-tested exercises are modu-
ar and short so that an instructor can easily choose those exer-
ses that fit his or her course.

fcGraw-Hill's ARIS—Assessment, Review, and Instruction
ystem for Prescott, Harley, and Klein’s Microbiology,
sww.mhhe.com/prescott7. This online resource provides helpful
study materials that support each chapter in the book. Features

nimations (with quizzing)

linical case studies
\dditional course content and more'
IR

NSTRUCTOR RESOURCES

ARIS www.mhhe.com/prescott7)

fcGraw-Hill's ARIS—Assessment, Review, and Instruction
vstem for Prescoit, Harley, and Klein's Microbiology 1s a com-
lete, online tutorial. electronic homework, and course manage-
ent system. Instructors can create and share course materials
d assignments with colleagues with a few clicks of the mouse.
werPoint lectures, assignments, quizzes, and tutorials are
tied to text-specific materials. Instructors can also edit
jestions, import their own content, and create announcements
- ” : dates for assignments. ARIS has automatic grading and
ting of easy-to-assign homework, quizzing, and testing. All
dent activity within McGraw-Hill's ARIS is automatically
gorded and available to the instructor through a fully integrated
ade book that can be downloaded to Excel. Contact your local
feGraw-Hill Publisher’s representative for more information on
tting started with ARIS.

bt

IS Presentation Center

3uild instructional materials wherever, whenever, and

vever you want!

IS Presentation Center is an online digital library containing
ssets such as photos, artwork, animations, PowerPoints, and

Preface xix

other media types that can be used to create customized lectures,
visually enhanced tests and quizzes, compelling course websites,
or attractive printed support materials.

Access to your book, access to all books!

The Presentation Center library includes thousands of assets from
many McGraw-Hill titles. This ever-growing resource gives in-
structors the power to utilize assets specific to an adopted text-
book as well as content from all other books in the library.

Nothing could be easier!
Accessed from the instructor side of your textbook’s ARIS web-

site. Presentation Center’s dynamic search engine allows you to
explore by discipline, course, textbook chapter, asset type, or
keyword. Simply browse, select, and download the files you need
to build engaging course materials. All assets are copyright
McGraw-Hill Higher Education but can be used by instructors for

classroom purposes.

« Art Library—Color-enhanced, digital files of all illustra-
tions in the book can be readily incorporated into lecture pre-
sentations. exams, or custom-made classroom materials. The
large. bolded labels make the images appropriate for use in
large lecture halls.

« TextEdit Art Library—Every line art piece is placed into a
PowerPoint presentation that allows the user to revise, move,
or delete labels as desired for creation of customized presen-
tations or for testing purposes.

« Photo Library—Like the Art Library. digital files of all the
photographs from the book are available.

« Table Library—Every table that appears in the book is pro-
vided in electronic form.

« Animations Library—Full-color presentations involving
key process figures in the book have been brought to life via
animations. These animations offer flexibility for instructors
and were designed to be used in lecture or for self-study. In-
structors can pause, rewind, fast forward, and turn audio
off/on 1o create dynamic lecture presentations.

« PowerPoint Lecture Outlines—These ready-made presen-
tations combine art and lecture notes for each of the 41 chap-
ters of the book. The presentations can be used as they are, or
they can be customized to reflect your preferred lecture top-

ics and organization.

« PowerPoint Outlines—The art, photos, and tables for each
chapter are inserted into blank PowerPoint presentations to
which you can add your own notes.

Instructor Testing and Resource CD-ROM

This cross-platform CD contains the Instructor’s Manual and Test
Bank. both available in Word and PDF formats. The Instructor’s
Manual contains chapter overviews, objectives, and answer
guidelines for Critical Thinking Questions. The Test Bank pro-
vides questions that can be used for homework assignments or the
preparation of exams. The computerized test bank allows the user
to quickly create customized exams. This user-friendly program
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allows instructors to search for questions by topic, format, or diffi-
culty level: edit existing questions or add new ones: and scramble
questions and answer keys for multiple versions of the same test.

Transparencies

A set of 250 full-color acetate transparencies is available to sup-
plement classroom lectures. These have been enhanced for pro-
jection and are available to adopters of the seventh edition.
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