ur tirst three editions established Microlivloge An Evolving Scieneeas the
defining core text of our generatiom—the baok that inspires undergrad

pate science majors to embrace the microbial world. This Fourth Fdi-
tHion continues our commitment to the Aindamentals, but also highlights

seccurrent and breathtaking themes of discoverv: Antarctic microbiology and our
secsninal microbiome, Antarctic microbes offer models o L on Mars, cxotic eoo-
cosmemis, and opportunities for Diotechnology, This new materal includes dara aml
wmazes from Joan Sloncrewski’s own field work in the McMurdo Drv Valleys of Ant-

crcrrcas Closer 1o home, our intestinal microbiome reveals extraording P OO neC TN S

= suman health and behavior, as now promaored by the Navional Microbiome Tnitia-
mree NAMTL The micrabiome story is vividly told by John Foster, a leading investiga-
o of gut bacteria,

i this Fourth Edition, we have maintained our signature balance berween cue-
cozedue coology and medicine, including the use of case historics in the medical
secton. Our balanced depiction of woemen and min wity scientists, including voung
sescarchers, continues to draw cnthusiastic responses from our adoprers. Our focus
o wvolution, and our modern organieation reflecting changes in the field, proved so
coccessrul thar other rexthooks luve since adjusted their chapier sequence o parallel

Seology A Evalvivg Setesee. We have kept this chapier organizarion to thcilitae
SELT-LOeVCAT COUPES TPANSILLONS for instructors,

inomany chapters, we relate topics to current events, to keep students interested

and informed on the role of microbiology in the world roday. One example is
comthetic bology, the construction of microbes with genetic circuits engineered for
commercial use (Chapter 12, Biotechnigques and Svntheric Biology), Another cxam
s s the use of viral replication oveles to develop lentiviral treanments for cancer and
cherimed disorders, including the firse possille =cure”™ for pediatric leukemia {pre
wenied 1n {.'lmpt::r 1 [., Viral Mlolecular T 1][1g}-':|_

The Fourth Edition still holds to the idea thar this test s a communite project,
Seswing not only on the authors’ experienee as researchers and educarors, bur also on
nc nput of hund reds of colleagues from around the world o create a comprehensive
Socmobiology book for the twenty-firse century. We present the full story of molecu-
= merobiology and microbial ceology from s classical history of Koch, Tasteur,
it Winogradsky, right up to the research of twenty-first contury researchers Rira
Cobwelland Bonnie Bassler. We have included countless contributions recommended
= colleagues from around the globe, at institutions such as Washington Universiry,
Ummeraty of California=Davis, Universisy of Wisconsine Madison, Cornell Univer
arv. Florida Stare University, University of Toronto, University of Edinburgh, Uni
cerame of Antwerp, Seoul Narional University, Chinese University of Hong Kong,
anv more. We are grareful w you all.
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While we have cxpanded and developed new topics, we also recognized the
need wo keep the lengtl and “core™ of the book o a size reasonable enough for the
andergraduate student. The content in virrually all of the chaprers in this baak fas
been limited to 2 mavimum of siv numbered sections, helping to keep the coverage
from straving, too far from the fundamentals. Tnn addition, several chapters under
went major revision in this Fourth Fdition, inciuding Chaprer 3, Cell structure andd
Function, wich a tightened opener and a new section on cell aging; and Chapter 21,
sicrobial Ecology, which opens with a new secrion on metagenomics and the cul
ruring of “unculturables” Along with these new additions, we have also tightenud
the content overall, actually decreasing the size of the ook Leom the Third Edinon,

1n order o contain length while adding new material, we conrinue ko transker cer-
fain topics online as “cTupics.” The cTopies are called out i the text, hyperlinked
1o the chook, and their key rerms are tully indexed in the printed book, Therelore,
peturning adopters can be contident of keeping access to all of the marerial they
taughe from the Second and Third Editions, but now they also have new topics on
Mycobacteringm tubevendosis cell aging and drug resistance (Chapter 31 and on bacteria
thiat comvert phage genes into toxin seeretion systems (Chaprer 230, and much more,

Major Features

Our book targets the science major in biology, microbiology, or biochemistry. Sev-

eral important featores make our book the best text available For undergraduares
tosda

NEW Themes of discovery: Antarctic microbiology and our intestinal microbiome.
I'he Fourth Edition features new content in every chapter on two exciting and rel-
evant now Themes, Marginal icons highlight examples of cach theme, such as:

® |n Chapter 5. research by Asim Bej (TTniversity of Alabama Birmingham] and
others on psychrophiles reveals the compaosition and metabolic v ahilities of the
South Pole microbiome. Novel componnds discovered by members of the polar
microbiome have anticancer and antimicrobial potential.

& 1o Chapter 7, Ruth Tay (Cornell University] used meragenomics w discover that
Lhe abundance of some members of the intestinal micrehiome arc influcnced by
Liost genetivs, One sich organism, Christensenella minnta, also influenced weight
rain when orally spransplanted™ 1Mto mouse intestinges.

A new “mini-interview” opens each chapter, offering a total of twenty-eight new
perspectives from cutting-edge researchers, Examples include:

® A Chaprer 1 interview with Dawn Sumner, geomicrnbiologist, explaining how
cvanohacterial mats colonize Antarcric lakes,

® A Chaprer 2 interview with Grant Jensen, whose 3D eryotomuography offers an
extraordinary view of chlamydia parasitizing a cell.

Research on contemporary themas such as ew durion, gonomivs, MeLagenom
ics, molecular genetics, and biorechnology enrich students” understanding of foun-
dasional topics and highlight rhe current state of 1he field, Fvery chapter presents
numerous current research examples within the np-to-date framework ol molecular
biolowy. Examples of current research include tools to explore evolution in aging bac-

terial colonics; determining the '"‘pang_{ulnm-:,"' the overall set of genes available T a




ocies: sinmilraneously profiling zene expression parrerns in host and microbe dur-
e an infecrion; and the spectroscopic meassrement of carbon tlus from microbial

SORTIMTIIEIC S,

&~ updated art program with engaging figures that are also dynamic learning
caals. Process diagrams have been rendered more accessible by reducing the length

spporting captions and expanding the use of in-figure bubble caprions. Ty addi
won. scientists pursuing rescarch today are presented alongside the rraditional icons

¢ the ficld. For example, Chaprer 1 inoroduces historical figures such as Kook and
Pasrcur alongside marine microbiologist Heide Schulz-Vogt and u ndergraduate st
emrs currently conducting experimental evolution of B cals.

“ore concepts are presented in a student-friendly way that motivates learning.
‘e Thought Questions throughout every chaprer challenge students 1o think
~rically about core concepts, the way a scientist wonn ]

in innovative media package, including a new SmartworkS online homework
course, provides powerful tools of visualization and assessment. Smartwiorks
e des review, critical thinking, visual, and animation questions tor every chapter.
= oo sctivity builds on the text and pedagogy o help students master key coneepts,
ceomk crinicallv, and apply what they've learned.

Additional features of the Fourth Edition include:

® Senetics and genomics are presented as the foundation of microbiology. Molec
<iar genetics and genomics are thoroughly integrared with core topics through
o the book, This approach gives students an understanding of how genomes
24 potential metabolic pathways in diverse organisms, and how genomics and

coscenomics reveal the character of microbial communiries.

& ®icrobial ecology and medical microbiology receive equal emphasis, with
—icular attenrion paid to the merging of these fields. Thronghout the book,
~enomena ate presented with examples [rom both ecology and medicine; tor

Exanisple.,

ole, when discussing horizontal transler of “genomic islands™ we present
s slands associated with nitrogen fiation, as well as pathogenicity islands
sesocrated with disease (Chaprer 9,

# -ix= most microbiology textbools, our text provides size scale intormation lor

by presented taxa, the continual discovery of organisms ranging fronn

s mon bacteria to emerging pathogenic Ercferichia strains.
® focendices for review and further study. Our book assumes a sophomore-level

sding of introductory biology and chemistry, with on-line eAppendices

pmeTsta

S those 10 need of review,
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Organization

The topics in this book are arranged so that stdents can progressively develop an
understanding of microbiology from kev concepts and research tools. The chapters
of Part 1 present key foundational topics: history, visualization, the bacterial cell,
microbial growth and control, and virology.

The six chapters in Part [ prosent many topics that are then developed in further
detail throughout Pars 2 through 5. Part 2 presents modern genetics and genom
ics. Part 3 presents cell metabolism and biochemistry, although the chapters in Tart 3
arc written i such a wav thar they can be presented before the generics material if

wir clesived. Part 4 exolores microbial ceoloms amd diversity and discusses the roles af
F L b

micrabial communities in local ecosvstems and global cyeling. And then the chaprers
of Part 5 (Chaprers 23-28) present medical and disvase microbiology [rom an imves-
tipative perspective, founded on the principles of genetics, metabolism, a nd micro-
Tal ecolowy,

What's New in the Fourth Edition?

Chroughout the Fourth Edition of Microbiolyy: Aw Emevaiig Scienve, research
examples have been npdated o highlight the newest experimental techniques and

important wpics of interest in microbiclogy today, cluding current examples al’

the two new themes—Anrarctic microbiology and the intestinal microbiome. The
content in each chapter has been focused around Fewer numbered chaprer sections
tor help students master the fundamentals. The art has been updated and numerons
Thought Questions and Special Topie boxes have been updated. Every chaprer opens
with a now research nterview that fearures the work of established scientists, post-
does, and graduate students from around the worlds A review of of these changes b
chaprer are featured o the following list.

CHAPTER 1: Microbial Life: Origin and Discovery. The chapter opener describes re
search on cvanabacterial mats that grow at the hottom of Antarcric lakes. Other new

and nnusual microbes are presented, including Peradictinne alr., which lives off

of the suifides spewed from occanic thermal venrs, and the mant marine bacteniam,
Tldomangarita wen e sy,

CHAPTER 2; Observing the Microbial Cell. In the chapter opener, pathopgenic chiamy-
dias are seen in a whole new hight——nsing 30 crvotomographic microscopy. Fiting
imaging techniques thar continue to posh forward our understanding of cell behavior
are presented. Super resolurion mmaging enables single molecules t be rracked within
living cells, and a new 51;1[‘:1'.11 ropac on WanoSIVS | panescale sccondary ton muass
speatrometry ) deseribes how this chomical imaging method is being, nsed to prole

intestinal microliomes.

PINA replication and cell division are the subject of the chapter opener. Several mi
cromial cell biology topics are expanded and updared, mcluding cell fractionation, a
diserssiom of the cell envelope, and polar aging.

CHAPTER 4: Bacterial Culture, Growth, and Development. Lhe chapter opener re:
veals the microbial diversity amd evolution occurning in old bacterial colomies. The
explanation of generation time and the descnption of conrinuous culture is revised
for clanty. Recent research alrers our view of what's going on during stationary phase




within a liquid colture, A new special topic follows antibiotic hunters as they search
for new medicines among “uncultorable™ microorganisms. New data on biofilm-
busting peprides are presented,

CHAPTER 5: Environmental Influences and Control of Microbial Growth. Tnterspe
cies cell signaling is discussed in the chapter opener, The impacts of Tieman activities,

including global climate change, on microbial ecosystems are updated with some of

che latest rescarch, A new special ropic looks ar bacrenophage therapy 1o treat hiodilm
infoctions.

CHAPTER 6: Viruses. This first of two chaprers on viruses opens with viral ecology, to
mighlight the critical roles that virases play o ecosvstems. Gut Bacteriophages in the
zut microbiome is the topic of bection 6.4, Lhe modern use of genome sequencing ro
classifyv viruses is presented. A special topic presents research on the role of a recently
dentficd virus that conlers thermaotolerance to both its hose fungus and the fungi’s
smbiotic plant host,

CHAPTER 7: Genomes and Chromosemes. The chapter opener deseribes research us-
~z molecular biology and fluorcscence cell imaging to follow the e o plasmids and
“he chromosome 1n £ eoff. Section 7.5 b expanded o include the latest intormation
smout archacal chromosomes. New data is included abour intestinal metagenomics
snd single-cell penomics. A new special topic deseribes the molecular mechanisms
cmar keep sister chromosomes from being severed by the growing septom during
mactenal cell division.

CHAPTER 8: Transcription, Translation, and Bicinformatics. The chaprer opener
seesents current rescarch on the structural biology of coupled transeriprion and rrans-
seonin bacteria. Much of the chapter is revised, Discussion of biointormarics is
semeed extensively, including new material on how bioinfocmatics s revealing, the
complew interactions within the human gut nucrobiome . The processes of transcrip:
s, rranshation, and transertion are described wsing, new research examples and act
<z makes translation more realistic and easier w understand. A new speaal topic
ks ar new discoveries on the structural biclogy of ribosome translocation during,
priotein svnrchesis,

CHAPTER 9: Gene Transfer, Mutations, and Genome Evolution. The selection pres
sore of antibiorics on Strepocecens preaenanize evolution is discossed inothe chap
wor ooener. Informanon on CRISTR s updated with new cxamples to emphasioe
oo growmng utility in molecular biology rescarch, The discussion of horizontal gene
orincludes new data from studies on Anrtarctic microbes and on movement of

sees borween bacteria and eukarvotes. A new special topic on studies of DNA repair
——reins containing | 4Fe-45] clusters hypothesizes thar these proteins use clectrons
= focane damaged DNA.

CHARTER 10: Molecular Regulation. A new chaprer opener looks at how enierohem

e Foeoli virnbence genes are regulated, The roles of BRNA thermomerters in the
ceosshock response and of riboswitches in regulating gene expression are introeduced.
Ceecmsson of the class of regulatory RNA molecules known as small BNA (sRINA)
= cocared and expanded with numerous examples, including sBNAs in Archaea that
soe coanterparts in both Eukarva and Bacteria.

S=AFTER 11: Viral Molecular Biolagy. This chapter on viruses is extensively revised,

s wath current rescarch on the presence of endogenous retroviral particles that

e cnpressed in human embryos. The section on bacteriophage uses lambda phage as
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the model organism, and includes examples from genome analvsis and svnthenc biol-
ogy to highlight contemporary approachies 1o understanding its role in the human gut
micrabiome. New images using cryvo-clectron romograply ilhestrate inogreat derail
the organization of BNA within an influenza virion. The cxating antitumor roval, F
VEC, an enginecred HSY-1 virus, is described.

CHAPTER 12: Biotechniques and Synthetic Biology. The chapter opener introdinces
Riler T. an engincered ribosome, which highlights some ol the possibilities ol bioms-
lecular engineering and synthetic hiology. The use of the CTISPECas® system s an
editing tool and method of reguiating gene expression in ¢ ¥periments i described.
The idea of using synthetic auxotrophy as a hiocontainment merthod for engineered
E. coli Gand porentially other micrehes ) is deseribed.

CHAPTER 13: Energetics and Catabolism. Lhe gut microbiome s featured noa new
chapter opener, which describes how Bacterpides species i the human inrestines se-
crete catabolic enzvmes, thus providing essential carabolites for many microbial spe-
cies in the gur New research trom Antarctica is presented on peavchotrophs that me
tabolism phenanthrene.

CHAPTER 14: Electron Flow in Organotrophy, Lithotrophy, and Phototrophy. A now
chapter opener describes extracellular electron transfer among Geobacter spECies—a
form of microbial clectriciry. Tn the gut, Salmanelin enterica subvert neutrophils by
using tetrarhionate to assist in pathogenesis, A new special topie surveys our atrempls

(0 harness microbial electriciny to power our clectncal devices,

CHAPTER 15: Biosynthesis. The chapter opencr highlights a simple assay for screen-
ine soil-dwelling actinomyoetes that produce nowvel phecopeptide antibioties, The dis-
cussion of ways in which microbes control the energetic costs uf biosynthesis is eX
panded ro include recently discovered examples of resource sharing within Antarctu

marine phototrophs and among E. eelt that form nanotubes to exchange amino acids.

CHAPTER 16: Food and Industrial Microbiclogy. A movel lipase solated from an Ant-
arctic psvehrophile, Candida o aparcrica, is the subject of the new chapter opener.
The discovery of microbial biologicals and their commercialization is featared. For
erample, boprospecting identitied a biological fungicide, whose active ingredient s
Strrptosvees ldicas, which suppresscs fungi that atrack plant roots and leaves,

CHAPTER 17: Origins and Evolution. A new chapier openor prescits & ilence of com-
petitive and cooperative cvolution i1 E. coli. Some of the Tatest dara from Bichard
Lenski®s long rerm evolution experiment in included, The chapter presents recont
clues to the narure of carly life that are found i the Dy Valleys of Antarctica, where
cvanobacteria form thick nucrobif mats. The eriteria for defining a species is updated
o include cugrent information from genome and FRINA analvsis along with cootype

shariny,.

CHAPTER 18&: Bacterial Diversity. The chapter opener presents fascinating data about
the bioGlms found growing on colorectal tmons. Tnformation has been updated
About the mosaicism of deep-branching thermophile genomes from Aquiticae and
Thermotomae, A 1w spevial tople intre whirces bizarre lookwg filamentous bacteria

that form symbiotic relationships wirth colls in the mammalian gur.

CHAPTER 19: Archaeal Diversity. Our understa nding, of the Archacal world continues
tos change rapidly. The chapter apener describes Alsigreiism baniconexion, a marsh-
dwelling archacon that uses its grappling hook appendages to link together into
hiotilms. The latest updates on archacal phylogeny are includled, like reclassificaton




of the Miscellancous Crenarchacora Group to the Bathvarchacora. Examples ot
smmonia-oxidizing archaca are discussed, incliding the deep occan pevchroplile,
Cenarchacsn symbivnon, which is an endosymbiont of a marite sponge. A W
special topic looks at current research on methanogens living in our infestines and
what factors cause them o colonize some hosts, but not others,

CcHAPTER 20: Eukaryotic Diversity. A new chaprer opener discusses choan dlagellares

Som Antarctica that evele between single - cell and colonial forms. Cellular and penctic
rraits of these protists make them an excellent arganism for the study of metazoan
ongins. Recent data is desenibed about inducing multcellularity 1 the green algae,
Chlamydomonas veinhardeii. The lineup of parasitic protozoa discussed 1a the chaprer
< cxpanded to include a number of intestinal parasites, hke Cryptosporidinm parvim,
Balantidiem eoli, and Encephalitnzon futestinnlic

cHAPTER 21: Microbial Ecology. The chapier opener gets “erabby.” It describes the
avmbiotic relarionship hetween chemosint hetic bacterma and the veri crab at hydro-
el vents locared 2.5 miles down beneath the surtace of the Antarctic southern
Cicean. This chaprer s extensively reorganized and updared with new material on
meragenome sequencing, a new discussion on the human colonic microabiome’s roles
= host digestion, brain healt by and immunity, and recent rescarch findings on oUeanis
crohes, like Prochiorocorcns. A new special topic presents pesuits of stndving the

sootogy and nugration of “evanobacterial mars found inomany Anrarcrie Takus,

~4APTER 22: Microbes in Global Elemental Cycles. The discovery of Nirvispivg spe-
s thar pertorm both ammaonia and mrite cadation is presented in the dhapter
gener. The special topie presents evidence thar a millicn-vear old underground riv-
carrving iron and sulfur bacteria courses 500 merers below the Tavler Vallev i
“erarcnica. The chapter presents recent scientitic modehng data, which caurions Et Lt
dhal warning is ||1.._1¢_-l15u1r| rerlal 'IL_1I.‘||L'I.- it the once frowen 1‘.!*.!'1]].1_1_1-."!'*[ Release
¢ carbon stores from the permafrost due to microbial metabolism could ac celerate
shobal warnung,
~%APTER 23 Human Microbiota and Innate Immunity. The new chaprer opencr
rrsemts crvo-electron microscopy dara illustrating the assembly af the multiprotein
“mmasome comples, This chaprer is thoroughiy renrganized with updated pre

e e of mnate immunity and @ new emphasis oo the human By s an coosys
e i.— "-"h.LtL'll "n.-.'tum 23 2 focuses on the wun J'nicr{:ahiUL;l Dr-.";-_-mim- NUMErons

spemshiome COmposition.

~wa=TER 24: The Adaptive Immune Response. The chapter opener shons howe I

e B ocells in bvmph nedes are essential Tor T ocell migration, an csse ntial carly
o Bocell maruration info a plasma cell. This chaprer is extensively reorganized,
e on antibody struenire and producton are merged and streantlined. There
& s section on gut mucosal immunity, A discussion aboul vaccinations has been
v ef e this chapter from Chapter 26, A new special topic provides evidence that

epdoprnous retroviruses may he Ip B cells respond to the presence of 1 cellindepen-

A i
SwasTER 25 Microbial Pathogenesis. A now chapier opener leekes At recent cxperninen
i s that reveal howe Yorsinns pesris co-opis lost proteius Lo aid n s pralingeess,
T :—.-;M ar mechanisims of other pathowrenic microbes are presented, such as, the role
4 2 sohesin molecule MAMYT in initiating, contact berween a Gram negatye pathogen
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and its host cell, New information is presented on how pathogens conerel vimlence
factor pene expression based on their ervironment and how they thwart anugen pre-
sentation by the host immune systen, The secnon on experimental tools used Lo sy
pathogenesis is completely rewnitren. Tt now focuses on the current methods in genomic
sequencing and bicinformaties analysis, transcriptomics, and unaging and Huorescent
probe techiiques to address cell hiological questions.

CHAPTER 26: Microhial Diseases. The chapter opener summarizes current Facts about
Zika virus. reminding us that emerging infectious diseases are still @ serions threat o
human health, Information about numerous examples of microbial discase have been
apdated, including a new discussion of ostenmyvelitis, updates on the viralence factors
and molecular mechanisms of infection used by Helicobacter pelord, and a new dliscs

sion of diarrhea and its impacts on the gut microbiom,

CHAPTER 27: Antimicrobial Therapy. Antimicrobial hunters and their treasures are
the subject of the new chaprer opener. In this cvample, an Antarctic sponge is the
source of darwinolide, 4 nowvel diterpene that 1s effective against MESA. New rech-
nologics are presented thar could be wsed for rapid identification of pathogens in
the clinical laboratory, such as multiplex PCR and minjatunzed magetic resonanee
machines, A new special topic looks at the vse of monacional antibodics as antimi-
crobials,

CHAPTER 28: Clinical Microbiology and Epidemiology. The new chaprer opener looks
at novel genome-hased tests o profile the gut micrabiome in paticnts and correlate
the profile with various gastroinestral discases. Updates on rapid and automated
Climical detection merthods are described, including the use of next-gen sCquencing
and programmable RNA sensors to identify pathogens in patient samples. The section
on detecting emerging infectious diseases is completchy rewritten. [t now includes
discussions of Zika virns and the role of climate change on the emergence and spread
of micronbial diseases.

Resources

SMARTWORKS ONLINE HOMEWORK. Naorton's powerful and acvessible online
homework platform fearures answer specitic feedback, a vancty of engaging question
ripes, and the ntegration of the stunning art from the book and process aninuations
to help students master microbiology conceprs. Smartworks integrates with campus
LALSs such as Blackboard and Canvas and features 4 simple, ntuitive interlace mak-
g it the casiest-to-use online homework sestem for instractors and st udents.

PRESENTATION TOOLS, Every fipure and phorograph in the texthook s available in
JPEG and PowerPoint formar for use in lecture. In order to provide stunning, high-
quality visnals, every image has been hand-examined to make sure colors will not fade
when projected and 1o optimize font size and compuosition for clear, legible viewing
cven in the back row. Labeled and unlabeled versions are available. In addition, Lec
ture Powerlaint decks including key Rgures form the tex, Tinks o animations, and
clicker gquestions, are available for doswnload at wwnortom,com nstrctors,

MICROGRAPH DATABASE. Ihe Micrograph Database includes searchable access 1o
mast of the micrographs in the textbook, tagged by characteristics such as rawone
. shape, and habitar. The Micrograph Database can be aceessed at wawmorton, Lo
SInatractors,
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PROCESS ANIMATIONS. Sixty process animations depicting kev processes ol microb-
ology are offercd in multiple lormars and and embedded in PowerPoint files, These
Jnimations are all based on the art found in the textbook and were developed wnder
the careful supervision of the textbook authors. Student access to the animations s
svailable in the ebook, Smartworkd online homework course or via the Clourscpack.

Animation Topics Include:

Mrcroscopy

Replisome Movement in 2 Dividing Cell
Chemoraxis

Phosphotransferase System {PLS] Transport
Dilurion Streaking Technigue

Biofilm Formation

Tnfluenza Virus Tnoey into a Cell
Influenza Virus Replication

HIV Beplicanion

Herpes Virus Replicarion

Construction of a Gene Therapy Vector

Tagging Protcins for Fasy Purification

Real-Time PCR

A Bacterial Elecrron Transport System

Endospore Formation

Lwsis and Dasogeny

supercoiling and Topoisomerases
DNA lh‘plir:nia i

Rolling Circle Mechanism of Plasmid Replication

ATT Senthase Mechanism
Oveenic Photosynthesis

Agrabecterion: A Plant Gene | ransler Victor

PCR. Plivlogenene Troees
Protein Svathess TyNA Shultling
Prowcin Export Listeria Inlicrion

S Dependent General Secretion Tathway Light-Deven Pumps and Sensors
SBC Transporters
Sacrenal Comjugation and Human

The Basic Tntflammarory Response

Malaria: A Cyele of Transmission between Mosquite

Brcombination
TN A Repar Mechanisms: Methyl Mismatch Repar Phagouytosis

The Activarion of the Humoral and Cell-Mediated
Pathways

Cholera Tovin Maode of Action

Process of Type 111 Secreuon

Tva A Repair Mechanisms: Nucleotide Excision Repair

%A Repar Mechanisms: Base Excision Repair
Trarsposioon
The far Operon

iamal Artenuation Retrograde Movement of Tetanus Loxin toan Tohibvitory

- weuron
Eemotasis: Molecular Events . .
: : [FNA Sequencmg
e (e OIS IS

=zer gank. Thoroughly revised for the Fourth kdidon and using, the Morton As-
wnt Cndehines, each chaprer of the Test Bank consists ol five questdon vpes

i sccording to the first tive levels of Bloom’s taxonomy al knowledge tpes:
$omemnenng, Understanding, Applying, Analvzing, and Fyaluating, (Questoons are
e Casaitied by section and dafficuine, making it casy Lo ConsTrict fesds and quiz-

s tha 2re meamngful and diagnostc according to instructors” needs, Questions are
sl —choice and short-answer. The Test Bank is available i Frane Tiow Asciment

S Wiord ROTE. and PDF formats, dervnloadable from sewnorton.com,Sinstructons,

S ESEPACKS. At no cost to professors or students, Noron Coursepacks are avail

e = 1 vameny of formats, incduding all versions ol Blackbaoard and Web Gl With
e+ a=ole download, an adoprer can bring high-quality Norton dhigrita’ media into 3
e o cmsning online course o et srdent passwords required ), and i0s theirs
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keep. Content includes chapter-based assignments, quuizzes, animarion actvities and
more. Coursepacks can be downloaded at wa nerton.coL instructons,

ENHANCED EBOOK. An affordable and convenient alternative to the print boak, Nor
ton Ebaoks rerain the content and design of the priat book and allow students o
highlight and take notes, print chapters as needed, and scarch the teat with ¢ase. The
cithanced ebook inclndes:

B Process animations hased on the text arr and developed under the watchful eves
ol the textbook authors,

® Links to eTopics written by Toan Sionczewski and Tohn Foster, which supplement
and enrich concepts covered in the text

® Flashcards of all the kev terms in the book and their definitions.
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