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Chapter 1 Living in a Microbial World

1

All living things are composed of one or more cells

3

Case: Bacteria, salt, and cystic fibrosis

21

Covalent bonds form when atoms share electrons
in their outermost shells

22

Covalent bonds can be classified as either polar
or nonpolar

23

Water is essential in life processes

25

Acids and bases increase or decrease the
concentration of protons in water

26

Case: Stomach pain and stomach bugs

26

Acidity is measured with the pH scale

28

Organic molecules are the building blocks of life

28

All living things display other observable
characteristics

4

Microbiology involves the study of several
distinct groups of living things

4

Viruses strain our notion of what it means
to be alive

7

Microbiology is closely intertwined with the study
of non-microorganisms

7

Microbiology is composed of both basic and applied
components

Carbohydrates function as energy storage and
structural molecules

29

7

Case: Bacterial horse helpers

29

Case: Beauty and the bacteria

7

Both basic and applied microbiology consist of many
subdisciplines

Lipids are relatively hydrophobic molecules and
are also used for energy storage and structure

31

9

Proteins participate in a variety of crucial biological
processes

33

A proper scientific experiment involves a series
of well-defined steps

10

Case: Bad potatoes

33

Case: Fleming revisited

10

If a hypothesis cannot be disproved, it may
eventually become a theory

Biological reactions require enzymes functioning
as catalysts

36

13

Looking back and looking forward

14

Case: Call in the clot busters

36
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Nucleic acids direct the assembly of proteins

37

Concept questions

14

Looking back and looking forward

39
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40

Concept questions

40

Chapter 3 The Cell: Where Life Begins

41

All cells are one of two basic types

42

Cells can be stained for enhanced observation

44

As cells get larger, their efficiency decreases

44

Case: Size does matter!

44

Prokaryotic cells have a variety of shapes

45

Chapter 2 The Chemistry of Life

17

Atoms are the basic building blocks of matter

18

Atoms are made up of smaller components called
subatomic particles

18

As an atom’s stability increases, its energy
decreases

19

An ionic bond is formed when electrons are
transferred from one atom to another

21

Detailed Contents
Many prokaryotes have extracellular structures,
extending beyond the cell wall

46

Case: Plaque attack

46

xv

Chapter 4 A Field Guide to the
Microorganisms

67

Taxonomy is the science of biological classification

67
68

Many bacteria are surrounded by an excreted layer
of polysaccharides

47

Structures composed of protein may extend
out from the bacterial cell

Taxonomy is based on a system of hierarchical
groupings

48

Most prokaryotes are protected from the exterior
environment by a rigid cell wall

Modern classification reflects evolutionary
relatedness

68

49

DNA analysis provides evidence for relatedness

70

Case: An occupational hazard

50

Case: S treams, snails, and schistosomes

70

The Gram-positive cell wall is composed of multiple
layers of carbohydrates, linked by peptides

Kingdoms are organized among three domains

72

50

Microorganisms are found in all three domains
of life

73

51

The domain Bacteria consists of numerous
lineages

73

Acid-fast bacteria are surrounded by a thick,
waxy cell wall

53

The earliest bacteria were adapted to life
on the primitive Earth

74

Bacteria with different cell wall types can be
distinguished by specific staining techniques

53

Case: The heat was on!

74

Cell walls surround the cells of most archaea

54

The tree spreads out

75

Some prokaryotes lack a cell wall

54

Each cell is surrounded by a plasma membrane

55

The most recently evolved lineages are found at the
farthest branches of the tree

76

The plasma membrane of archaea is often
especially stable

56

Although they are prokaryotic, members of domain
Archaea are distinct from bacteria

76

The liquid interior of the cell forms the cell’s
cytoplasm

56

Eukaryotic microorganisms include the protozoa
and the fungi

78

The prokaryotic chromosome is usually circular

56

Proteins are synthesized on the surface of ribosomes

57

Protozoa are single-celled organisms within
the domain Eukarya

79

Gram-negative cells are surrounded by two
membranes with a thin peptidoglycan layer
in between

Storage granules and inclusion bodies have
specialized functions within cells
Endospores permit survival during times
of environmental adversity

Case: The cat’s out of the bag on a protozoan parasite

79

57

Flagella are used by the flagellates for locomotion

80

57

Amebae move as they extend parts of their
cytoplasm

80
80

Case: The real Jurassic Park

57

Eukaryotic cells are larger and more complex
than prokaryotic cells

The beating of numerous cilia permits locomotion
in the ciliates

59

The number of cells in a eukaryotic organism
is variable

Apicomplexa typically do not possess structures
related to locomotion

81

59

While plant and fungal cells have cell walls,
animal cells do not

Many fungi are involved in disease or ecological
processes or are useful for industrial purposes

82

60

Like prokaryotes, all eukaryotic cells are surrounded
by a membrane

Fungi have one of two body plans and can be
unicellular or multicellular

83

60

The cytoplasm of eukaryotic cells contains a variety
of membrane-bound organelles

The Chytridiomycota represent a primitive
phylum of fungi

84

61

DNA is found in the nucleus of eukaryotic cells

61

Zygomycota often form mutualistic relationships
with plants

85

The endomembrane system functions in cellular
transport

62

Like the Zygomycota, many Basidiomycota are
important plant mutualists

85

Case: Parrot fever

63

Chloroplasts and mitochondria function in the
production and utilization of energy by the cell

While many are decomposers, other members of the
Ascomycota cause serious disease

86

64

Case: Bad news for bats

86

Looking forward and looking back

65

Looking back and looking forward

88
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88

Concept questions

66

Concept questions

88
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Chapter 5 Life’s Gray Zone: Viruses
and Prions

91

Viruses are acellular parasites, requiring a host cell
in which to replicate

92

Case: “Death” in the Rue Morgue

92

Most viruses have one of a few basic structures

93

Napoleon’s dreams of empire were compromised
by disease

117

Irish history was irrevocably changed by a disease
affecting potatoes

118

French efforts to build a canal in Panama were
thwarted by mosquito-borne disease

119

A bacterial metabolic process aided the British
navy in World War I

120

Specific viruses usually infect only certain hosts
and certain cells within those hosts

94

Replication of animal viruses proceeds through
a series of defined steps

Polish doctors spared their villages from World
War II’s devastation with microbial assistance

121

95

Some infectious disease is caused by
non-microorganisms

121

The science of microbiology has a vibrant history

122

Case: The assassination of President Garfield

122

Microorganisms were first discovered in the
seventeenth century

124

The science of microbiology was born in the
second half of the nineteenth century

124

The germ theory of disease was advanced by the
understanding of the need for hospital sanitation

126

The development of pure culture technique
allowed rapid advances in microbiology

127

Koch was the first to link a specific microorganism
to a particular disease

127

The germ theory led to major advances in disease
control

128

Viruses must first attach to and enter an appropriate
host cell

95

Once they have entered the cell, viruses release their
protein coat prior to replication

97

The final two stages are the assembly of new
virions and their release from the host cell

97

DNA viruses must replicate their DNA and use
it to direct synthesis of viral proteins

98

RNA viruses rely on RNA rather than DNA as
their genetic material

99

Retroviruses use their RNA to produce DNA

99

Not all viral infections cause symptoms or kill
host cells

100

Viruses damage host cells in several ways

101

Like animals, plants are susceptible to many
viral infections

102

Bacteriophages are viruses that infect bacteria

102

With the development of the first vaccines,
the field of immunology was born

129

Phages can influence the number of bacteria
and even the diseases that they cause

104

Antimicrobial drugs are a twentieth century
innovation

130

Prions are infectious proteins

105

Into the modern era

131

Case: Last laugh for the “laughing death”

105

Looking back and looking forward

132

Looking back and looking forward

106
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133

Concept questions

108

Chapter 6 The Microbiology of History
and the History of Microbiology

Chapter 7 Microbial Genetics
109

If microbiologists wrote history…

110

Case: The Spanish conquest of Mexico

110

Disease turned the tide in the Peloponnesian
War between Athens and Sparta

110

135

DNA is an information molecule

135

The structure of DNA is the key to how it functions

136

DNA is found on chromosomes

137

Each DNA molecule can be accurately copied
into two new DNA molecules

138

Case: DNA: Form suggests function

138

DNA replication begins at a site called the origin

140

The fall of the Roman Empire was accelerated
by several disease outbreaks

112

The Black Death altered European society forever

113

European explorers imported many diseases into
the New World

A cell’s characteristics are largely determined
by the proteins it produces

140

114

Unlike the Americas, Africa was not fully colonized
until the 1900s

In transcription, a gene’s DNA is used to produce
complementary RNA

142

116

Case: Christmas trees and transcription

142

117

While very similar, transcription in eukaryotes
varies from that of bacteria

144

Several important events of the nineteenth century
owe their outcomes to microorganisms

Detailed Contents
Amino acids are assembled into protein
during translation

145

Case: Protein synthesis: Dead in its tracks

146

Gene activity is often carefully regulated

149

Many bacterial genes are regulated simultaneously
in groups of genes called operons

150

Some operons are regulated through repression

151

Bacteria often coordinate their gene expression
through chemical communication

151

Eukaryotes use various mechanisms to regulate
gene expression

xvii

Cell respiration refers to the oxidation of biological
molecules

170

Carbohydrates are the primary source of energy
used in cell respiration

170

Cell respiration occurs in three stages

171

In glycolysis, glucose is partially oxidized,
forming two smaller molecules called pyruvate

172

In the Krebs cycle, pyruvate from glycolysis is
completely oxidized and the energy released is
transferred as electrons to NAD+ and FAD

173

152

The environment influences the nature of
genetically determined characteristics

NADH and FADH2 are oxidized in electron
transport, providing the energy for ATP synthesis

174

152

Genetic variation can arise through diverse
mechanisms

Different microorganisms may utilize different
final electron acceptors

176

153

Case: No fish for you!

176

Sexual reproduction permits the generation
of new genetic combinations

153

Horizontal gene transfer allows for genetic
recombination in asexually reproducing
organisms

Protons that are pumped across a membrane
in electron transport provide an energy source
for ATP synthesis

177

154

Incomplete glucose oxidation results in
fermentation

178

Case: Griffith’s transforming factor

155

Case: Driving under the influence (of yeast!)

178

Transformation relies on the ability of some
bacteria to absorb DNA from the environment

156

Molecules other than glucose can be used to
generate ATP

180

Viruses may shuttle genes between bacteria

156

In conjugation, small portions of DNA are
transferred directly from one cell to another

Autotrophs produce their own biological
molecules

180

157

In photosynthesis, energy in sunlight is used to
produce biological molecules

181

Chemoautotrophs use chemical energy in the
way that photoautotrophs use solar energy

183

Microbial metabolism influences growth rate

184

Microbial growth refers to population growth

184

Transposons are short DNA sequences that can
move from one site in the genome to another

157

Genetic recombination in prokaryotes has great
significance for humans

158

Mutations are the original source of genetic
variation

159

Case: End of the line for a last-line defense?

159

Environmental factors influence microbial
growth rate

186

Mutations are caused by many factors

161

Oxygen affects microbial growth in various ways

186

Many mutations are repaired before they
can affect phenotype

162

Case: Canine first aid

186

Mutations are the raw material of evolution

163

Like oxygen, temperature has a major impact on
metabolism and growth

188

Looking back and looking forward

163

Microorganisms have an optimal environmental pH

190
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Concept questions

164

The growth of most, but not all, microorganisms is
inhibited by high salt concentration

190

Like all living things, microbes require certain
nutrients to grow efficiently

191

Microbial populations pass through a sequence
of phases called the growth curve

192

As the environment changes, microbial
metabolism and therefore the growth curve
changes in response

193

Case: Making yogurt

193

Looking back and looking forward

195
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Concept questions

196

Chapter 8 Metabolism and Growth
Metabolism is similar in all living things

165
166

Energy released from food molecules is used
for other processes that require energy

166

Cells convert the energy in biological molecules
into ATP

167

Energy is transferred from one molecule to
another via oxidation and reduction

168

Biological molecules are typically oxidized in a
series of small steps

169
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Chapter 9 Microbial Evolution:
The Origin and Diversity of Life
Conditions on the early Earth were very different
than they are today

197
198

Nutrients are recycled in an ecosystem, whereas
energy is not

224

Microbial ecology investigates the role of
microorganisms in their environment

225

Microorganisms live in microenvironments

225

Environmental conditions affect the growth
rate of microorganisms

225

Many microorganisms live in biofilms

226

Soil often harbors rich microbial communities

228

The first biological molecules were formed from
nonbiological precursors

198

Genetic information may have originally been
encoded in RNA instead of DNA

200

The first cells required a membrane and genetic
material

201

The first prokaryotes are thought to have arisen
approximately 3.5 billion years ago

Microorganisms are found deep below Earth’s
surface and even inside solid rock

229

202

Many microorganisms are adapted to life in
freshwater

230

Many lakes have several distinct ecological zones

230

Certain important metabolic pathways evolved
in a defined sequence

203

Eukaryotes evolved from prokaryotic ancestors

204

Case: Water birds and botulism

230

Case: Cells within cells

204

Eukaryotic cells first arose from certain
archaeal ancestors

Rivers and streams have their own unique
ecological conditions

233

206

Multicellular life arose from colonies of unicellular
eukaryotes

Water pollution can lead to severe oxygen
depletion

233

207

Case: Lake Erie: A near-death experience

233

The origin of viruses is obscure

208

Prions may have arisen from abnormal host proteins

209

Although similar in many ways, the marine
environment is distinct from freshwater

234

Evolution explains life’s diversity

209

Natural selection is the driving force of evolution

210

The littoral zone is typically richer in nutrients
than the pelagic zone

235

Microorganisms are subject to the laws of natural
selection

212

Microbes in the deep sea and benthic zone
require specialized adaptations

237

Case: Vancomycin resistance: The sequel

212

Cloud-dwelling bacteria may be important in
promoting rainfall

238

Natural selection can influence the virulence
of disease-causing organisms

214

Exobiology is the search for extraterrestrial life

238

Case: A tale of two countries—Australia, England,
rabbits, and the myxoma virus

Microorganisms are primary driving forces behind
biogeochemical cycles

238

214

Microorganisms often influence the evolution
of their hosts

Carbon moves between living things and the
environment

239

216

Morning sickness may have evolved to protect the
developing fetus

“Iron fertilization” has been suggested as a way
to decrease atmospheric CO2 levels

240

216

Prions may have affected evolution of the brain

217

Bacteria convert nitrogen into forms that plants
can absorb

241

Bacteria have influenced the formation of
insect species

217

Case: The key to a bountiful harvest

241

Sex may have evolved in response to selection
pressure imposed by pathogens

218

Like other cycles, the phosphorus cycle relies on
microbial activity

243

Case: Alice in Wonderland

218

Both organisms in a mutualism benefit from
the relationship

245

Looking back and looking forward

219

Case: Coral reefs and Darwin’s paradox

245
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Concept questions

220

In a commensal relationship one organism is
benefited while the other is unaffected

246

Microorganisms in the same environment may
compete for certain resources

247

Case: A
 microscopic dog-eat-dog world

247

Some microorganisms are predators

248

Chapter 10 A Microbiologist’s Guide
to Ecology
Ecology is the study of how living things interact
with each other and the environment
Energy and nutrients are passed between organisms
in an ecosystem

221
222
222

Looking back and looking forward

249
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Chapter 11 The Nature of Disease Part I:
A Pathogen’s P
 erspective

xix

Endotoxins are components of the Gram-negative
outer membrane

269

Case: A ruptured appendix

269

252

Hosts are colonized with normal microbiota that is
usually harmless

Some bacteria produce enzymes with pathogenic
properties

270

252

Case: Sayonara Salmonella

252

Bacterial virulence is sometimes regulated by
quorum sensing

270

The microbiota may impact many other host
processes

255

Viruses cause disease by interfering with the
normal activities of the cells they infect

271

Case: Shy mouse vs courageous mouse

255

Different eukaryotic parasites affect their hosts
in diverse ways

272

To cause disease, a pathogen must achieve
several objectives

Pathogens leave the host through a portal of exit

273

256

Reservoirs provide a place for pathogens to
persist before and after an infection

Symptoms of disease often assist the pathogen
in its transmission to a new host

274

257

Looking back and looking forward

274

Many pathogens use animal reservoirs

257
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274

Some pathogens rely at least in part on human
reservoirs

258

Concept questions

275

Some pathogens can survive indefinitely in soil,
water, or other environmental reservoirs

259

The type of reservoir used by a pathogen has
implications for disease control

260

Contact with microorganisms only rarely results in
disease

251

Chapter 12 The Nature of Disease Part II:
Host Defense

277

When infection cannot be blocked, first innate
immunity and then adaptive immunity is activated

277

Pathogens must reach a new host via one or
more modes of transmission

261

Case: Influenza: exposed!

278

Case: Laid low on the high seas

261

Contact transmission may be direct or indirect

261

Plan A: Barriers to entry may prevent infection
before it occurs

279

Many pathogens can move through the air in
an aerosol released by an infected individual

Case: Rob

279

261

Barriers to entry do not always work

281

Intestinal pathogens most commonly rely on
food- or water-borne transmission

262

Case: Laura

281

Vector transmission relies on insects or other
invertebrates to transmit infectious organisms

263

If barriers to entry fail, the pathogen is confronted
by the cells and molecules of innate immunity

282

Some pathogens can pass from a female to her
offspring

263

Inflammation and fever are key components
of innate immunity

283

Pathogens gain access to the host through a
portal of entry

263

Special chemical messengers help combat viral
infections

283

Once they have entered, pathogens must adhere
to the host

264

When innate mechanisms fail to eliminate an
infection, the adaptive immune response is
activated

284
285

Most pathogens must increase in number before
they cause disease

264

Hosts can be infected with multiple pathogens
at the same time

Antigen-presenting cells activate those cells
responsible for adaptive immunity

265

Successful pathogens must at least initially evade
host defenses

Antigen-presenting cells migrate to lymphatic
organs to activate adaptive immunity

286

265

Pathology can be the result of the host’s immune
response

Antigen-presenting cells activate helper T cells
to initiate an adaptive response

287

265

Bacterial pathogens cause disease in several
different ways

Some activated helper T cells activate cytotoxic
T cells to initiate a cell-mediated response

289

266

Some pathogenic bacteria produce toxins

266

Helper T cells also activate B cells to initiate a
humoral immune response

290

Case: Trouble in paradise

266

In a humoral response, several different classes
of antibodies may be produced

292

Exotoxins are bacterial proteins that interfere
with cellular processes in specific ways

267

A successful adaptive response culminates in the
elimination of the pathogen

293

xx
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An adaptive response is not always successful

294

Case: Bonnie

295

Antibiotics work by interfering with specific
bacterial structures or enzymes

321

Many antibiotics inhibit cell wall synthesis

322
323

Subsequent exposure to the same pathogen results
in a stronger and faster adaptive response

295

Vaccines induce immunological memory without
causing disease

Antiribosomal drugs inhibit bacterial protein
synthesis

297

Some antibiotics target bacterial DNA

324

HIV is an ongoing public health emergency

299

Case: Oscar

299

Selective toxicity, while possible, is harder to
achieve against eukaryotic pathogens

324

HIV causes immune system suppression

300

Antiviral drugs must interfere with a particular
step in the viral replicative cycle

326

Host versus pathogen: a summary

302

Looking back and looking forward

303

Acyclovir acts by interfering with viral DNA
replication

326
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Concept questions

304

Other viral infections are now amenable to
antiviral drug therapy

327

Newer, innovative antiviral drugs are on the horizon

329

Antibiotic misuse has led to the problem
of drug resistance

330

Case: The importance of completing prescriptions

330

Failure to complete a course of antibiotics
contributes to resistance

331

Other forms of antibiotic misuse contribute to
resistance

332

Antibiotic resistance can result in superinfections

333

New strategies provide options for circumventing
antibiotic resistance

334

Looking back and looking forward

335
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Concept questions

336

Chapter 13 Control of Microbial Growth

307

Physical control of microorganisms involves
manipulation of environmental factors

308

Temperature is an effective means to control
microbial growth

308

Case: An army marches on its stomach

308

Liquids that cannot tolerate elevated temperatures
may be filtered

311

Radiation can be used to kill microorganisms
in some situations

311

Certain foods are preserved by drying

312

Chemical methods can control microorganisms
on living and nonliving material

313

Various chemicals have antiseptic and disinfectant
properties

313

Soaps and detergents remove microorganisms
from surfaces

314

Case: Hand washing

314

Heavy metals are toxic to cells

315

Antimicrobial chemotherapy has led to major
improvements in health

315

An ideal antimicrobial drug inhibits microorganisms
without harming the host

316

Antibiotics are antimicrobial compounds that were
initially produced by microorganisms

317

Many factors influence the selection of the most
appropriate antibiotic in a given situation

317

Some drugs work faster than others

318

Chapter 14 Epidemiology: Who, What,
When, Where, and Why?

337

The first modern epidemiological study identified
cholera as a water-borne disease

338

Florence Nightingale found that improved hygiene
reduced the likelihood of typhus

339

An epidemic is a sudden increase in the number
of cases of a specific disease

340

A single contaminated site can give rise to a
common source epidemic

340

Case: Food-borne misery

340

Host-to-host epidemics spread from infected to
uninfected individuals

342

Epidemics can occur for biological, environmental,
and/or social reasons

342

Case: Tracking down a feathered felon

342

Epidemics become more likely when fewer people
in a population are resistant

343

Influenza epidemics are a regular occurrence

346

Antibiotics are either bactericidal or bacteriostatic

318

Drugs differ in their spectra of activity

319

Case: A mystery illness

319

Drug selection may be based on where in the
body an infection has occurred

320

A drug’s possible side effects are always an
important consideration

321

Case: Flu season

346

Drug resistance is a serious and growing problem

321

Influenza is an RNA virus with a segmented genome

346

Detailed Contents
Influenza virus undergoes regular genetic change

347

xxi

Genes of interest can be cloned by inserting
them into bacteria

373

Genetic drift and shift set the stage for influenza
epidemics and pandemics

348

Epidemiological investigations may reveal the
causes of new disease outbreaks

Other types of cloning vectors may be used in
certain situations

376

349

Case: A new bug on the block

350

Powerful new tools for altering genes are
becoming available

377

A case definition helps health authorities determine
if unusual cases are related

350

DNA technology has provided a better
understanding of genes and how they function

378

Time, place, and personal characteristics of a new
disease provide clues to the disease’s identity

DNA technology has numerous medical applications

379

351

Case–control studies can pinpoint a common risk
factor among affected individuals

Vaccines may now be created using recombinant
DNA technology

380

352

Emerging and re-emerging diseases are new or
changing diseases that are increasing in
importance

Genetic conditions in humans may one day be
corrected with gene-editing techniques

381

Genetically modified crops are now a reality

382

353

Zika virus illustrates several important points
about disease emergence

Case: The monarch butterfly: threats real
and imagined

382

354

Emerging diseases can be categorized as one of
four basic types

Biotechnology has become routine in many
industrial processes

384

358

Bioterrorism is an ongoing threat

360

Biotechnology raises important ethical and
safety concerns

385

Case: The anthrax scare

360

Looking back and looking forward

386

Looking back and looking forward

361
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Concept questions

387

Concept questions

362

Chapter 15 The Future Is Here:
Microorganisms and Biotechnology

Chapter 16 Guess Who’s Coming
to Dinner: Microorganisms and Food
363

389

The beginnings of a beautiful friendship

390

Case: Flight from Egypt

390
390

The genetic revolution began through an
understanding of microbial genetic exchange
mechanisms

363

Microbial activity can help to preserve the
quality of some foods

Sequencing techniques can be used to reveal the
sequence of nucleotides in a DNA sample

364

Fermented dairy products and grains have
been used for thousands of years

391
393

Case: TB—BC (before Columbus, that is)

365

Large amounts of specific DNA sequences can be
obtained with the polymerase chain reaction

Some fungi and bacteria are consumed directly
as food

365

Case: What’s for tucker, mate?

393

Newer forms of PCR have been developed for
specific purposes

366

Gel electrophoresis can be used to determine
if a PCR was successful

In the absence of oxygen, some microorganisms
undergo fermentation, releasing specific
waste products

395

366

Amplified DNA can be sequenced

367

Flour from grains provide a sugar source
in bread-making

395

The entire genomes of many organisms have
been sequenced

Wine is produced from fermented fruit juice

396

368

Case: Homemade wine

396

Case: E. Coli’s dark side

368

Beer making relies on the fermentation of grains

397

Genetic material taken directly from
environmental samples can be sequenced

370

Various other plant materials can be used
to produce liquors

398

Foreign genes can be introduced into the
genomes of different organisms

371

A long list of other plant products are fermented
to produce popular food items

399

Case: Biological blackmail

371

Bacterial restriction enzymes are useful for
cutting DNA at specific sites

Microbes produce various products used to
season or add flavor to food

399

372

Case: Vinegar’s illustrious past

399
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Fermented milk is the basis of making cheese
and yogurt

401

Case: Menopause, mares, and microbes

418

Certain meat products require fermentation

403
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