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1.1 Microbiology 

Microorganisms are excellent models for understanding cell function in higher organisms, 

including humans. 

Because microorganisms are central to the very functioning of the biosphere, the science 

of microbiology is the foundation of all the biological sciences. 
1.2 Microorganisms as Cells 

The cell is a dynamic entity that forms the fundamental unit of life (Figure 1.2). The cell 

has a barrier, the cytoplasmic membrane, that separates the inside of the cell from the 

environment. Other cell features include the nucleus or nucleoid and the cytoplasm. 

Metabolism and reproduction are associated with the living state. 

The four classes of cellular macromolecules are proteins, nucleic acids, lipids, and 

polysaccharides. 

Six features associated with living organisms are metabolism, reproduction, 

differentiation, communication, movement, and evolution (Figure 1.3). 

Cells can be considered machines that carry out chemical transformation. Enzymes are the 

catalysts of this chemical machine, greatly accelerating the rate of chemical reactions. 

Cells can also be considered coding devices that store and process information that is 

eventually passed on to offspring during reproduction through DNA (deoxyribonucleic 

acid) and evolution (Figure 1.4). The link between cells as machines and cells as coding 

devices is growth. 
1.3 Microorganisms and Their Natural Environments 

Microorganisms exist in nature in populations that interact with other populations in 

microbial communities. The activities of microbial communities can greatly affect the 

chemical and physical properties of their habitats. Most of the biomass on Earth is 

microbial. 

A microbial habitat is the location in an environment where a microbial population lives. 

Populations in microbial communities interact in various ways, both harmful and 

beneficial. In many cases, microbial populations interact and cooperate. Organisms in a 

habitat also interact with their physical and chemical environment. An ecosystem includes 

living organisms together with the physical and chemical constituents of their 

environment. 

Microorganisms change the chemical and physical properties of their habitats through such 

activities as the removal of nutrients from the environment and the excretion of waste 

products. 

Estimates of the total number of microbial cells on Earth is on the order of 5 &multi; 1030 

cells. The total amount of carbon present in this very large number of very small cells 

equals that of all plants on Earth (and plant carbon far surpasses animal carbon). Most 

prokaryotic cells reside underground in the oceanic and terrestrial subsurfaces. 
1.4 The Impact of Microorganisms on Humans 

Microorganisms can be both beneficial and harmful to humans (Figure 1.6). We tend to 

emphasize harmful microorganisms (infectious disease agents, or pathogens), but many 

more microorganisms in nature are beneficial than are harmful. 

Microorganisms are important in the agricultural industry. For example, legumes, which 

live in close association with bacteria that form structures called nodules on their roots, 

convert atmospheric nitrogen into fixed nitrogen that the plants use for growth. The 

activities of the bacteria reduce the need for costly and polluting plant fertilizer. 

Microorganisms also play important roles in the food industry, both harmful and 

beneficial. Because food fit for human consumption can support the growth of many 



microorganisms, it must be properly prepared and monitored to avoid transmission of 

disease. Foods that benefit from the effects of microorganisms include cheese, yogurt, 

buttermilk, sauerkraut, pickles, sausages, baked goods, and alcoholic beverages. 

Microorganisms are important in energy production, including the production of methane 

(natural gas), energy stored in organisms (biomass), and ethanol. 

Biotechnology is the use of microorganisms in industrial biosynthesis, typically by 

microorganisms that have been genetically modified to synthesize products of high 

commercial value. Various microorganisms can be used to consume spilled oil, solvents, 

pesticides, and other environmentally toxic pollutants. 
1.5 The Historical Roots of Microbiology: Hooke, van Leeuwenhoek, and Cohn 

Robert Hooke was the first to describe microorganisms (Figure 1.8), and Antoni van 

Leeuwenhoek was the first to describe bacteria (Figure 1.9). Ferdinand Cohn founded the 

field of bacteriology and discovered bacterial endospores (Figure 1.10). 

The field of microbiology was unable to develop until Leeuwenhoek constructed 

microscopes that allowed scientists to see organisms too small to be seen with the naked 

eye. 
1.6 Pasteur, Koch, and Pure Cultures 

Robert Koch developed a set of postulates (Figure 1.12) to prove that a specific 

microorganism causes a specific disease: 
- The suspected pathogenic organism should be present in all cases of the disease and absent from 

healthy animals. 

- The suspected organism should be grown in pure culture—that is, a culture containing a single 

kind of microorganism. 

- Cells from a pure culture of the suspected organism should cause disease in a healthy animal. 

- The organism should be reisolated and shown to be the same as the original. 

1.7 Microbial Diversity and the Rise of General Microbiology 

Beijerinck and Winogradsky studied bacteria in soil and water and developed the 

enrichment culture technique for the isolation of representatives of various physiological 

groups (Figure 1.16). 

Major new concepts in microbiology emerged during this period, including enrichment 

cultures, chemolithotrophy, chemoautotrophy, and nitrogen fixation. 

Table 1.1 summarizes some of the important discoveries in the field of microbiology, from 

van Leeuwenhoek to the present. 
1.8 The Modern Era of Microbiology 

In the middle to latter part of the twentieth century, basic and applied microbiology 

worked hand in hand to usher in the current era of molecular microbiology. Figure 1.17 

depicts some of the landmarks in microbiology in the past 65 years. 

Some subdisciplines of applied microbiology include medical microbiology, immunology, 

agricultural microbiology, industrial microbiology, aquatic microbiology, marine 

microbiology, and microbial ecology. 

Some subdisciplines of basic microbiology include microbial systematics, microbial 

physiology, cytology, microbial biochemistry, bacterial genetics, and molecular biology. 
 

2.1 Elements of Cell and Viral Structure 

All microbial cells share certain basic structures in common,  

such as cytoplasm, a cytoplasmic membrane, ribosomes, and (usually) a cell wall. Two 

structural types of cells are recognized: the prokaryote and the eukaryote. Prokaryotic cells 

have a simpler internal structure than eukaryotic cells, lacking membrane‑enclosed 

organelles (Figure 2.1). Viruses are not cells but depend on cells for their replication 

(Figure 2.3c). 



Ribosomes—the cell's protein‑synthesizing factories—are particulate structures composed 

of RNA (ribonucleic acid) and various proteins suspended in the cytoplasm. Ribosomes 

interact with several cytoplasmic proteins and messenger and transfer RNAs in the key 

process of protein synthesis (translation) (see Figure 1.4) 

2.2 Arrangement of DNA in Microbial Cells 

Genes govern the properties of cells, and a cell's complement of genes is called its 

genome. DNA is arranged in cells to form chromosomes. In prokaryotes, there is usually a 

single circular chromosome; whereas in eukaryotes, several linear chromosomes exist. 

Plasmids are circular extrachromosomal genetic elements (DNA), nonessential for growth, 

found in prokaryotes. 

The nucleus is a membrane‑enclosed structure that contains the chromosomes in 

eukaryotic cells. The nucleoid, in contrast, is the aggregated mass of DNA that constitutes 

the chromosome of cells of Bacteria and Archaea (Figure 2.4). 
2.3 The Tree of Life 

Comparative ribosomal RNA sequencing has defined the three domains of life: Bacteria, 

Archaea, and Eukarya. Molecular sequencing has also shown that the major organelles of 

Eukarya have evolutionary roots in the Bacteria and has yielded new tools for microbial 

ecology and clinical microbiology. 

Although species of Bacteria and Archaea share a prokaryotic cell structure, they differ 

dramatically in their evolutionary history. 

Evolution is the change in a line of descent over time leading to new species or varieties. 

The evolutionary relationships between life forms are the subject of the science of 

phylogeny. 

In addition to the genome in the chromosomes of the nucleus, mitochondria and 

chloroplasts of eukaryotes contain their own genomes (DNA arranged in circular fashion, 

as in Bacteria) and ribosomes. Using ribosomal RNA sequencing technology (Figure 2.6), 

these organelles have been shown to be highly derived ancestors of specific lineages of 

Bacteria (Figure 2.7). Mitochondria and chloroplasts were thus once free‑living cells that 

established stable residency in cells of Eukarya eons ago. The process by which this stable 

arrangement developed is known as endosymbiosis. 
2.4 Physiological Diversity of Microorganisms 

All cells need carbon and energy sources. Chemoorganotrophs obtain their energy from the 

oxidation of organic compounds (Figure 2.8a). Chemolithotrophs obtain their energy from 

the oxidation of inorganic compounds (Figure 2.8b). Phototrophs contain pigments that 

allow them to use light as an energy source (Figure 2.8c). 

Autotrophs use carbon dioxide as their carbon source, whereas heterotrophs use organic 

carbon. 

Extremophiles thrive under environmental conditions in which higher organisms cannot 

survive. Table 2.1 gives classes and examples of extremophiles. 
 

4.1 Light Microscopy 

Microscopes are essential for microbiological studies. Various types of light microscopes 

exist, including bright‑field, dark‑field, phase contrast, and fluorescence microscopes. All 

compound light microscopes (Figure 4.1) optimize image resolution by using lenses with 

high light‑gathering characteristics (numerical aperture). The limit of resolution for a light 

microscope is about 0.2 μm. 

Simple and/or differential cell staining (Figured 4.3, 4.4) are used to increase contrast in 

bright‑field microscopy. A phase‑contrast microscope may be used to visualize live 



samples and avoid distortion from cell stains; image contrast is derived from the 

differential refractive index of cell structures. 

Greater resolution can be obtained using dark‑field microscopy, in which only the 

specimen itself is illuminated. Fluorescent light microscopy allows for the visualization of 

autofluorescent cell structures (e.g., chlorophyll) or fluorescent stains and can greatly 

increase the resolution of cells and cell structures. 
4.4 Cell Morphology and the Significance of Being Small 

Prokaryotes are typically smaller than eukaryotes, and prokaryotic cells can have a wide 

variety of morphologies, which are often helpful in identification. Some typical bacterial 

morphologies include coccus, rod, spirillum, spirochete, appendaged, and filamentous 

(Figure 4.11). 

The small size of prokaryotic cells affects their physiology, growth rate, and ecology. Due 

to their small cell size (Table 4.1), most prokaryotes have the highest surface area–to–

volume ratio (Figure 4.13) of any cells. This characteristic aids in nutrient and waste 

exchange with the environment. 

Cell‑like structures smaller than about 0.2 mm may or may not be living organisms. 
4.5 Cytoplasmic Membrane: Structure 

The cytoplasmic membrane (Figure 4.16) is a highly selective permeability barrier 

constructed of lipids and proteins that forms a bilayer with hydrophilic exteriors and a 

hydrophobic interior. The attraction of the nonpolar fatty acid portions of one phospholipid 

layer (Figure 4.14) for the other layer helps to account for the selective permeability of the 

cell membrane. Other molecules, such as sterols and hopanoids (Figure 4.17), may 

strengthen the membrane as a result of their rigid planar structure. Integral proteins 

involved in transport and other functions traverse the membrane. 

Unlike Bacteria and Eukarya, in which ester linkages bond fatty acids to glycerol, Archaea 

contain ether‑linked lipids (Figure 4.18). Some species have membranes of monolayer 

(Figure 4.19d) instead of bilayer construction. 
4.6 Cytoplasmic Membrane: Function 

The major function of the cytoplasmic membrane is to act as a permeability barrier, 

preventing leakage of cytoplasmic metabolites into the environment. Selective 

permeability also prevents the diffusion of most solutes. To accumulate nutrients against 

the concentration gradient, specific transport mechanisms are employed. The membrane 

also functions as an anchor for membrane proteins involved in transport, bioenergetics, 

and chemotaxis and as a site for energy conservation in the cell (Figure 4.20). 
4.7 Membrane Transport Systems 

At least three types of transporters are known (Figures 4.22): simple transporters (Figure 

4.24), phosphotransferase‑type transporters (Figure 4.25), and ABC (ATP‑binding 

cassette) transporters (Figure 4.26). ABC transporters contain three interacting 

components. Transport requires energy from either the proton motive force, ATP, or some 

other energy‑rich substance. 

The three classes of transporters are uniporters, symporters, and antiporters (Figure 4.23). 

Proteins are exported out of prokaryotic cells through the actions of proteins called 

translocases, which are specific in the types of proteins exported. 
4.8 The Cell Wall of Prokaryotes: Peptidoglycan and Related Molecules 

The cell walls of Bacteria contain a polysaccharide called peptidoglycan. This material 

consists of strands of alternating repeats of N‑acetylglucosamine and N‑acetylmuramic 

acid, with the latter cross‑linked between strands by short peptides. Many sheets of 

peptidoglycan can be present, depending on the organism. Archaea lack peptidoglycan but 



contain walls made of other polysaccharides or protein. The enzyme lysozyme destroys 

peptidoglycan, leading to cell lysis. 

Each peptidoglycan repeating subunit is composed of four amino acids (L‑alanine, 

D‑alanine, D‑glutamic acid, and either lysine or diaminopimelic acid) and two 

N‑acetyl‑glucose‑like sugars (Figure 4.29). 

Tetrapeptide cross‑links formed by the amino acids from one chain of peptidoglycan to 

another provide the cell wall of prokaryotes with extreme strength and rigidity (Figure 

4.30). 

Gram‑negative Bacteria have only a few layers of peptidoglycan (Figure 4.27b), but 

gram‑positive Bacteria have several layers (Figure 4.27a), as well as a negatively charged 

techoic acid polyalcohol group (Figure 4.31). 

Some prokaryotes are free‑living protoplasts (Figure 4.32) that survive without cell walls 

because they have unusually tough membranes or live in osmotically protected habitats, 

such as the animal body. 

Archaea cell walls may contain pseudopeptidoglycan, which contains 

N‑acetyltalosaminuronic acid instead of the N‑acetylmuramic acid of peptidoglycan. The 

backbone of pseudopeptidoglycan is linked by β-1,3 bonds instead of the β-1,4 bonds of 

peptidoglycan (Figure 4.33a). 

4.9 The Outer Membrane of Gram‑Negative Bacteria 

In addition to peptidoglycan, gram‑negative Bacteria contain an outer membrane 

consisting of lipopolysaccharide (LPS), protein, and lipoprotein (Figure 4.35a). 

Lipopolysaccharide (LPS) is composed of lipid A, a core polysaccharide, and an 

O‑specific polysaccharide (Figure 4.34). Lipid A of LPS has endotoxin properties, which 

may cause violent symptoms in humans. 

Proteins called porins allow for permeability across the outer membrane by creating 

channels that traverse the membrane (Figure 4.35b). The space between the membranes is 

the periplasm, which contains various proteins involved in important cellular functions. 

The structural differences between the cell walls of gram‑positive and gram‑negative 

Bacteria are thought to be responsible for differences in the Gram stain reaction. Alcohol 

can readily penetrate the lipid‑rich outer membrane of gram‑negative Bacteria and extract 

the insoluble crystal violet‑iodine complex from the cell. 
4.10 Bacterial Cell Surface Structures 

Prokaryotic cells often contain various surface structures, including fimbriae and pili, 

S‑layers, capsules, and slime layers. A key function of these structures is in attaching cells 

to a solid surface. 

Short protein filaments used for attachment are fimbriae. Longer filaments that are best 

known for their function in conjugation are called pili. 

Prokaryotes may contain cell surface layers composed of a two‑dimensional array of 

protein called an S‑layer, polysaccharide capsules, or a more diffuse polysaccharide 

matrix or slime layer. S‑layers function as a selective sieve, allowing the passage of 

low‑molecular‑weight substances while excluding large molecules and structures. 
4.11 Cell Inclusions 

Prokaryotic cells often contain internal granules that function as storage materials or in 

magnetotaxis. 

Poly‑β‑hydroxyalkanoates (PHAs) and glycogen are produced as storage polymers when 

carbon is in excess. Poly‑β‑hydroxybutyrate (PHB) is a common storage material of 

prokaryotic cells (Figure 4.40a). 



Some gram‑negative prokaryotes can store elemental sulfur in globules in the periplasm. 

Magnetosomes are intracellular particles of the iron mineral magnetite (Fe3O4) that allow 

organisms to respond to a magnetic field. 
4.13 Endospores 

The endospore is a highly resistant differentiated bacterial cell produced by certain 

gram‑positive Bacteria. Endospore formation leads to a highly dehydrated structure that 

contains essential macromolecules and a variety of substances such as calcium dipicolinate 

and small acid‑soluble proteins, absent from vegetative cells. Endospores can remain 

dormant indefinitely but germinate quickly when the appropriate trigger is applied. 

Endospores differ significantly from the vegetative, or normally functioning, cells (Table 

4.3). Calcium–diplicolinic acid complexes (Figure 4.49) reduce water availability within 

the endospore, thus helping to dehydrate it. These complexes also intercalate in DNA, 

stabilizing it to heat denaturation. 

Small acid‑soluble proteins protect DNA from ultraviolet radiation, desiccation, and dry 

heat and also serve as a carbon and energy source during germination. 

Emergence of the vegetative cell is the result of endospore activation, germination, and 

subsequent outgrowth (Figure 4.51). 
4.14 Flagella and Motility 

Motility in most microorganisms is accomplished by flagella. In prokaryotes, the flagellum 

is a complex structure made of several proteins, most of which are anchored in the cell 

wall and cytoplasmic membrane. The flagellum filament, which is made of a single kind of 

protein, rotates at the expense of the proton motive force, which drives the flagellar motor. 

Flagella move the cell by rotation, much like the propeller in a motor boat (Figure 4.56). 

An appreciable speed of about 60 cell lengths⁄second can be achieved. 

Flagella are made up of the protein flagellin and can occur in a variety of locations and 

arrangements. Each arrangement is unique to a particular species. In polar flagellation, the 

flagella are attached at one or both ends of the cell. In peritrichous flagellation, the flagella 

are inserted at many locations around the cell surface (Figure 4.58). 
 

5.1 Microbial Nutrition 

The hundreds of chemical compounds present inside a living cell are formed from 

nutrients. Elements required in fairly large amounts are called macronutrients, whereas 

metals and organic compounds needed in very small amounts are called micronutrients 

(Table 5.2) and growth factors (Table 5.3), respectively. 

Some prokaryotes are autotrophs, able to build all of their cellular structures from carbon 

dioxide. 

Nitrogen is important in proteins, nucleic acids, and several other cell constituents. 

Iron plays a major role in cellular respiration, being a key component of cytochromes and 

iron‑sulfur proteins involved in electron transport. To obtain iron from various insoluble 

minerals, cells produce agents called siderophores that bind iron and transport it into the 

cell (Figure 5.1). 
5.2 Culture Media 

Culture media supply the nutritional needs of microorganisms and can be either chemically 

defined (defined medium) or undefined (complex medium). Selective, differential, and 

enriched are terms that describe media used for the isolation of particular species or for 

comparative studies of microorganisms. 
5.3 Laboratory Culture of Microorganisms 

Microorganisms can be grown in the laboratory in culture media containing the nutrients 

they require. Successful cultivation and maintenance of pure cultures of microorganisms 



can be done only if aseptic technique (Figure 5.3) is practiced to prevent contamination by 

other microorganisms. 

Culture media (Table 5.4) are sometimes prepared in a semisolid form by the addition of a 

gelling agent to liquid media. Such solid culture media immobilize cells, allowing them to 

grow and form visible, isolated masses called colonies (Figure 5.2). 

5.6 Oxidation‑Reduction 

Oxidation–reduction (redox) reactions (Figure 5.8) involve the transfer of electrons from 

electron donor to electron acceptor. The tendency of a compound to accept or release 

electrons is expressed quantitatively by its reduction potential, E0'. 

In a redox reaction, the substance oxidized is the electron donor. The substance reduced is 

the electron acceptor. 

One way to view electron transfer reactions in biological systems is to imagine a vertical 

tower. The tower represents the range of reduction potentials possible for redox couples in 

nature, from those with the most negative E0's on the top to those with the most positive at 

E0's on the bottom (Figure 5.9). 
5.7 NAD as a Redox Electron Carrier 

In a cell, the transfer of electrons from donor to acceptor typically involves one or more 

electron carriers. Some electron carriers are membrane‑bound, whereas others—such as 

NAD+⁄NADH–are freely diffusible (Figure 5.10), transferring electrons from one place to 

another in the cell. 

Coenzymes increase the diversity of redox reactions possible in a cell by allowing 

chemically dissimilar molecules to interact as primary electron donor and terminal electron 

acceptor, with the coenzyme acting as an intermediary (Figure 5.11). 

5.8 Energy‑Rich Compounds and Energy Storage 

The energy released in redox reactions is conserved in the formation of certain compounds 

that contain energy‑rich phosphate or sulfur bonds. The most common of these 

compounds is adenosine triphosphate (ATP), the prime energy carrier in the cell. 

Long‑term storage of energy is linked to the formation of polymers, which can be 

consumed to yield ATP. 
5.9 Energy Conservation: Options 

Fermentation and respiration are the two ways in which chemoorganotrophs can conserve 

energy from the oxidation of organic compounds (Figure 5.13). During these catabolic 

reactions, ATP synthesis occurs by either substrate‑level phosphorylation (fermentation) 

or oxidative phosphorylation (respiration). 

A third form of ATP synthesis, photophosphorylation, occurs in phototrophic organisms. 

The basic mechanism of photophosphorylation is similar to that of oxidative 

phosphorylation except that light rather than a chemical compound drives the redox 

reactions that generate the proton motive force. 
5.10 Glycolysis as an Example of Fermentation 

Glycolysis is a major pathway of fermentation and is a widespread method of anaerobic 

metabolism. The end result of glycolysis is the release of a small amount of energy that is 

conserved as ATP and the production of fermentation products. For each glucose 

consumed in glycolysis, two ATPs are produced. 

Glycolysis is an anoxic process and can be divided into three major stages, each involving 

a series of individually catalyzed enzymatic reactions (Figure 5.14). 

5.11 Respiration and Membrane‑Associated Electron Carriers 

Electron transport systems consist of a series of membrane‑associated electron carriers 

that function in an integrated way to carry electrons from the primary electron donor to 

oxygen as the terminal electron acceptor. 



5.12 Energy Conservation from the Proton Motive Force 

When electrons are transported through an electron transport chain (Figure 5.19), protons 

are extruded to the outside of the membrane, forming the proton motive force (Figure 

5.20). Key electron carriers include flavins, quinones, the cytochrome complex, and other 

cytochromes, depending on the organism. The cell uses the proton motive force to make 

ATP through the activity of ATP synthase (ATPase) (Figure 5.21), a process called 

chemiosmosis. 
5.13 Carbon Flow in Respiration: The Citric Acid Cycle 

Respiration involves the complete oxidation of an organic compound with much greater 

energy release than occurs during fermentation. The citric acid cycle (Figure 5.22) plays a 

major role in the respiration of organic compounds. 
5.14 Catabolic Alternatives 

In anaerobic respiration, electron acceptors other than O2 can function as terminal electron 

acceptors for energy generation. Chemolithotrophs use inorganic compounds as electron 

donors, whereas phototrophs use light to form a proton motive force. The proton motive 

force is involved in all forms of respiration and photosynthesis (Figure 5.23) 
5.15 Biosynthesis of Sugars and Polysaccharides 

Polysaccharides are important structural components of cells and are biosynthesized from 

activated forms of their monomers. For organisms growing in culture media or in nature 

that are not provided with these building blocks, they must be biosynthesized from simpler 

components, a process called anabolism (Figure 5.24). 

Gluconeogenesis is the production of glucose from nonsugar precursors (Figure 5.25). 
5.16 Biosynthesis of Amino Acids and Nucleotides 

Amino acids are formed from carbon skeletons generated during catabolism (Figure 5.26). 

Nucleotides (purines and pyrimidines) are biosynthesized using carbon from several 

sources (Figure 5.28). 

 
6.1 Cell Growth and Binary Fission 

Microbial growth involves an increase in the number of cells. Growth of most 

microorganisms occurs by the process of binary fission (Figure 6.1). 
6.3 Peptidoglycan Synthesis and Cell Division 

New cell wall is synthesized during bacterial growth by inserting new glycan units into 

preexisting wall material (Figure 6.3). A process of spontaneous cell lysis called autolysis 

can occur unless new cell wall precursors are spliced into existing peptidoglycan to 

prevent a breach in peptidoglycan integrity at the splice point. A hydrophobic alcohol 

called bactoprenol facilitates transport of new glycan units through the cytoplasmic 

membrane to become part of the growing cell wall (Figure 6.4). Transpeptidation bonds 

the precursors into the peptidoglycan fabric (Figure 6.5). 
6.6 The Growth Cycle 

Microorganisms show a characteristic growth pattern (Figure 6.8) when inoculated into a 

fresh culture medium. There is usually a lag phase, then exponential growth commences. 

As essential nutrients are depleted or toxic products build up, growth ceases, and the 

population enters the stationary phase. If incubation continues, cells may begin to die (the 

death phase). 
6.7 Direct Measurements of Microbial Growth: Total and Viable Counts 

Growth is measured by the change in the number of cells over time. Cell counts done 

microscopically (Figure 6.9) measure the total number of cells in a population, whereas 

viable cell counts (plate counts) (Figures 6.10, 6.11) measure only the living, reproducing 

population. 



Plate counts can be highly unreliable when used to assess total cell numbers of natural 

samples such as soil and water. Direct microscopic counts of natural samples typically 

reveal far more organisms than are recoverable on plates of any given culture medium. 

This is referred to as "the great plate count anomaly," and it occurs because microscopic 

methods count dead cells whereas viable methods do not, and different organisms in even 

a very small sample may have vastly different requirements for resources and conditions in 

laboratory culture. 
6.8 Indirect Measurements of Microbial Growth: Turbidity 

Turbidity measurements are an indirect but very rapid and useful method of measuring 

microbial growth (Figure 6.12). However, to relate a direct cell count to a turbidity value, a 

standard curve must first be established. 
6.10 Effect of Temperature on Growth 

Temperature is a major environmental factor controlling microbial growth. The cardinal 

temperatures are the minimum, optimum, and maximum temperatures at which each 

organism grows (Figure 6.16). 

Microorganisms can be grouped by the temperature ranges they require (Figure 6.17). 

Mesophiles, which have midrange temperature optima, are found in warm‑blooded 

animals and in terrestrial and aquatic environments in temperate and tropical latitudes. 

Extremophiles have evolved to grow optimally under very hot or very cold conditions. 
6.11 Microbial Growth at Cold Temperatures 

Organisms with cold temperature optima are called psychrophiles, and the most extreme 

representatives inhabit permanently cold environments. Psychrophiles have evolved 

biomolecules that function best at cold temperatures but that can be unusually sensitive to 

warm temperatures. Organisms that grow at 0°C but have optima of 20ºC to 40ºC are 

called psychrotolerant. 
6.12 Microbial Growth at High Temperatures 

Organisms with growth temperature optima between 45°C and 80°C are called 

thermophiles, and those with optima greater than 80°C are called hyperthermophiles. 

These organisms inhabit hot environments up to and including boiling hot springs, as well 

as undersea hydrothermal vents that can have temperatures in excess of 100°C 

Thermophiles and hyperthermophiles produce heat‑stable macromolecules, such as Taq 

polymerase, which is used to automate the repetitive steps in the polymerase chain reaction 

(PCR) technique.. 

Table 6.1 shows upper temperature limits for growth of living organisms. 
6.13 Microbial Growth at Low or High pH 

The acidity or alkalinity of an environment can greatly affect microbial growth. Figure 

6.22 shows the pH scale. Some organisms have evolved to grow best at low or high pH, 

but most organisms grow best between pH 6 and 8. The internal pH of a cell must stay 

relatively close to neutral even though the external pH is highly acidic or basic. 

Organisms that grow best at low pH are called acidophiles; those that grow best at high pH 

are called alkaliphiles. 
6.14 Osmotic Effects on Microbial Growth 

Table 6.2 shows the water activity (aw) of several substances. Some microorganisms 

(halophiles) have evolved to grow best at reduced water potential, and some (extreme 

halophiles) even require high levels of salts for growth. Halotolerant organisms can 

tolerate some reduction in the water activity of their environment but generally grow best 

in the absence of the added solute (Figure 6.23). Xerophiles are able to grow in very dry 

environments. 



Water activity becomes limiting to an organism when the dissolved solute concentration in 

its environment increases. To counteract this situation, organisms produce or accumulate 

intracellular compatible solutes (Figure 6.24; Table 6.3) that maintain the cell in positive 

water balance. 
6.15 Oxygen and Microbial Growth 

Table 6.4 shows the relationships of some microorganisms to oxygen. Aerobes require 

oxygen to live, whereas anaerobes do not and may even be killed by oxygen. Facultative 

organisms can live with or without oxygen. Aerotolerant anaerobes can tolerate oxygen 

and grow in its presence even though they cannot use it. Microaerophiles are aerobes that 

can use oxygen only when it is present at levels reduced from that in air. 

A reducing agent such as thioglycolate can be added to a medium to test an organism's 

requirement for oxygen (Figure 6.25). 

Special techniques are needed to grow aerobic and anaerobic microorganisms (Figure 

6.26). 
6.16 Toxic Forms of Oxygen 

Several toxic forms of oxygen can be formed in the cell, but enzymes are present that can 

neutralize most of them (Figure 6.28). Superoxide in particular seems to be a common 

toxic oxygen species. 
8.10 Quorum Sensing 

Quorum sensing (Figure 8.22) allows cells to survey their environment for cells of their 

own kind and involves the sharing of specific small molecules. Once a sufficient 

concentration of the signaling molecule is present, specific gene expression is triggered. 

 
11.5 Evolutionary Chronometers 

The phylogeny of microorganisms is their evolutionary relationships. 

Certain genes and proteins are evolutionary chronometers—measures of evolutionary 

change. Comparisons of sequences of ribosomal RNA can be used to determine the 

evolutionary relationships among organisms. SSU (small subunit) RNA sequencing is 

synonymous with 16S or 18S sequencing. 

Differences in nucleotide or amino acid sequence of functionally similar (homologous) 

macromolecules are a function of their evolutionary distance. 

Phylogenetic trees based on ribosomal RNA have now been prepared for all the major 

prokaryotic and eukaryotic groups. 

A huge database of rRNA sequences exists. For example, the Ribosomal Database Project 

(RDP) contains a large collection of such sequences, now numbering over 100,000. 
11.6 Ribosomal RNA Sequences as a Tool of Molecular Evolution 

Comparative ribosomal RNA sequencing (Figure 11.11) is now a routine procedure 

involving the amplification of the gene encoding 16S ribosomal RNA, sequencing it, and 

analyzing the sequence in reference to other sequences (Figure 11.12). Two major treeing 

algorithms are distance and parsimony (Figure 11.13). 
11.8 Microbial Phylogeny Derived from Ribosomal RNA Sequences 

The universal phylogenetic tree (Figure 11.16) is the road map of life. 

Life on Earth evolved along three major lines, called domains, all derived from a common 

ancestor. Each domain contains several phyla. Two of the domains, Bacteria and Archaea, 

remained prokaryotic, whereas the third, Eukarya, evolved into the modern eukaryotic cell. 

 
12.7 Pseudomonas and the Pseudomonads 

Pseudomonads include many gram‑negative chemoorganotrophic aerobic rods; many 

nitrogen‑fixing species are phylogenetically closely related. 



The distinguishing characteristics of the pseudomonad group are given in Table 12.9. Also 

listed in this table are the minimal characteristics needed to identify an organism as a 

pseudomonad. 

Many pseudomonads, as well as a variety of other gram‑negative Bacteria, metabolize 

glucose via the Entner–Doudoroff pathway (Figure 12.17c). 

Species of the genus Pseudomonas and related genera are defined on the basis of 

phylogeny and various physiological characteristics, as outlined in Tables 12.10 and 12.11. 
12.11 Enteric Bacteria 

The enteric bacteria are a large group of facultative aerobic rods of medical and molecular 

biological significance. 

Table 12.14 gives the phenotypic characteristics used to separate the enteric bacteria from 

other bacteria of similar morphology and physiology. 

One important taxonomic characteristic separating the various genera of enteric bacteria is 

the type and proportion of fermentation products produced by anaerobic fermentation of 

glucose. Two broad patterns are recognized, the mixed‑acid fermentation and the 

2,3‑butanediol fermentation (Figure 12.24). 

Tables 12.15 and 12.16 outline the key diagnostic reactions used to distinguish key genera 

of enteric bacteria. 

Figure 12.25 shows a simple key to the main genera of enteric bacteria. 

12.19 Nonsporulating, Low GC, Gram‑Positive Bacteria: Lactic Acid Bacteria and Relatives 

Distinguishing features of major gram‑positive cocci are given in Table 12.22. 

The "low GC," gram‑positive Bacteria are a large phylogenetic group that contains rods 

and cocci, sporulating and nonsporulating species. 

One important difference between subgroups of the lactic acid bacteria lies in the pattern 

of products formed from the fermentation of sugars. One group, called homofermentative, 

produces a single fermentation product, lactic acid. The other group, called 

heterofermentative, produces other products, mainly ethanol plus CO2, as well as lactate 

(Table 12.23). Figure 12.53 summarizes pathways for the fermentation of glucose by a 

homo‑ and a heterofermentative organism. 

Table 12.24 gives differential characteristics of streptococci, lactococci, and enterococci. 

12.20 Endospore‑Forming, Low GC, Gram‑Positive Bacteria: Bacillus, Clostridium, and 

Relatives 

Production of endospores is a hallmark of the key genera Bacillus and Clostridium. 

Gram‑positive Bacteria are major agents for the degradation of organic matter in soil, and 

a few species are pathogenic. 

Table 12.25 lists major genera of endospore‑forming bacteria. 

Table 12.26 shows characteristics of representative species of bacilli. 

Table 12.27 gives characteristics of some groups of clostridia. 

One group of clostridia ferments cellulose with the formation of acids and alcohols, and 

these are likely the major organisms decomposing cellulose anaerobically in soil. The 

biochemical steps in the formation of butyric acid and butanol from sugars are well 

understood (Figure 12.58). 

Another group of clostridia obtains energy by fermenting amino acids. Some species 

ferment individual amino acids; others ferment only amino acid pairs. In this situation, one 

functions as the electron donor and is oxidized, the other acts as the electron acceptor and 

is reduced. This type of coupled amino acid decomposition is known as the Stickland 

reaction (Figure 12.59). 

One group of endospore‑formers, the heliobacteria, is phototrophic. 



 
17.8 Inorganic Electron Donors and Energetics 

Chemolithotrophs oxidize inorganic chemicals as their sole sources of energy and reducing 

power. Most chemolithotrophs are also able to grow autotrophically. 

Some chemolithotrophs are mixotrophic, meaning that although they are able to obtain 

energy from the oxidation of an inorganic compound, they require an organic compound as 

a carbon source. 

Table 17.1 summarizes energy yields for some reactions known to be carried out by 

chemolithotrophic microorganisms. 
17.12 Nitrification and Anammox 

In anoxic ammonia oxidation (anammox), the nitrifying bacteria can use ammonia and 

nitrite as electron donors, a process called nitrification. The ammonia‑oxidizing bacteria 

produce nitrite (Figure 17.32), which is then oxidized by the nitrite‑oxidizing bacteria to 

nitrate (Figure 17.33). Anoxic NH3 oxidation is coupled to both N2 and NO3– production in 

the anammoxosome. 
17.13 Anaerobic Respiration 

Although oxygen is the most widely used electron acceptor in energy‑yielding 

metabolism, a number of other compounds can be used as electron acceptors. This process 

of anaerobic respiration is less energy efficient but enables respiration in environments 

where oxygen is absent. 

Examples of anaerobic respiration are illustrated in Figure 17.35. 
17.14 Nitrate Reduction and the Denitrification Process 

Nitrate is commonly used as an electron acceptor in anaerobic respiration. Its use requires 

the enzyme nitrate reductase, which reduces nitrate to nitrite. Many bacteria that use nitrate 

in anaerobic respiration eventually produce N2, a process called denitrification. 

Table 17.2 gives oxidation states of key nitrogen compounds. 

Figure 17.36 shows steps in the dissimilative reduction of nitrate. 

Figure 17.37 shows electron transport processes in the membrane of Escherichia coli when 

O2 or NO3
– is used as an electron acceptor and NADH is the electron donor. 

17.22 Molecular Oxygen as a Reactant in Biochemical Processes 

In addition to its role as an electron acceptor, oxygen is also a chemical reactant in certain 

biochemical processes. Enzymes called oxygenases introduce O2 into a biochemical 

compound. 

There are two classes of oxygenases: dioxygenases, which catalyze the incorporation of 

both atoms of O2 into the molecule, and monooxygenases, which catalyze the transfer of 

only one of the two oxygen atoms in O2 to an organic compound; the second atom of O2 is 

reduced to water, H2O (Figure 17.55). 
17.23 Hydrocarbon Oxidation 

Many microorganisms can degrade aliphatic and aromatic hydrocarbons. Aerobic 

catabolism involves the activity of oxygenase enzymes (Figure 17.56). 

Anoxic aromatic degradation proceeds by reductive rather than oxidative pathways (Figure 

17.57). 

 
19.3 Microbial Growth on Surfaces and Biofilms 

Biofilms are bacterial assemblages, encased in slime, that form on surfaces. 

Biofilms can lead to the destruction of inert and living surfaces as a result of the products 

excreted by the bacterial cells. Biofilm formation is a complex process involving 

cell‑to‑cell communication (Figure 19.5a). 

 



20.1 Heat Sterilization 

Sterilization is the killing of all organisms, including viruses. Heat is the most widely used 

method of sterilization. Often, however, we cannot attain sterility, but we can still control 

microorganisms effectively by limiting their growth, the process of inhibition. 

Death from heating is an exponential function, occurring more rapidly as the temperature 

rises (Figure 20.1). 

The temperature must eliminate the most heat‑resistant organisms, usually bacterial 

endospores. Figure 20.2 shows the relationship between temperature and the rate of killing 

as indicated by the decimal reduction time for two different microorganisms. 

An autoclave permits application of steam heat under pressure at temperatures above the 

boiling point of water, killing endospores (Figure 20.3). 

Pasteurization does not sterilize liquids but reduces microbial load, killing most pathogens 

and inhibiting the growth of spoilage microorganisms. 
20.2 Radiation Sterilization 

Controlled doses of electromagnetic radiation effectively inhibit microbial growth. Table 

20.1 shows the radiation sensitivity of microorganisms and biological functions. The 

relationship between the survival fraction and the radiation dose is illustrated in Figure 

20.5. 

Ultraviolet radiation is used to decontaminate surfaces and materials that do not absorb 

light, such as air and water. Ionizing radiation, necessary to penetrate solid or 

light‑absorbing materials, is widely used for sterilization and decontamination in the 

medical and food industries (Table20.2). 
20.3 Filter Sterilization 

Filters remove microorganisms from air or liquids. Depth filters, including HEPA filters, 

are used to remove microorganisms and other contaminants from liquids or air. Membrane 

filters (Figure 20.7) are used for sterilization of heat‑sensitive liquids, and nucleation 

filters are used to isolate specimens for electron microscopy. 
20.4 Chemical Growth Control 

Chemicals are often used to control microbial growth. Chemicals that kill organisms are 

called cidal agents. Thus, these agents are termed bacteriocidal, fungicidal, and viricidal 

agents, killing bacteria, fungi, and viruses, respectively. Bacteriocidal agents bind tightly 

to their cellular targets and are not removed by dilution; but lysis, the loss of cell integrity 

and release of contents, does not occur. 

Agents that do not kill but only inhibit growth are called static agents, and these include 

bacteriostatic, fungistatic, and viristatic agents. 

Antimicrobial activity is measured by determining the smallest amount of agent needed to 

inhibit the growth of a test organism, a value called the minimum inhibitory concentration 

(MIC) (Figure 20.11). 
20.5 Chemical Antimicrobial Agents for External Use 

Sterilants, disinfectants, and sanitizers are compounds used to decontaminate nonliving 

material. Disinfection is the elimination of microorganisms from inanimate objects or 

surfaces. 

Antiseptics and germicides are used to reduce microbial growth on living tissues. Table 

20.4 lists some antiseptics, sterilants, disinfectants, and sanitizers. 

Antimicrobial compounds have commercial, health care, and industrial applications. Table 

20.3 provides some examples of industrial applications for chemicals used to control 

microbial growth. 
20.6 Synthetic Antimicrobial Drugs 



Synthetic antimicrobial agents (Figure 20.13) are selective for Bacteria, viruses, and fungi. 

Figure 20.14 shows the mode of action of major antimicrobial chemotherapeutic agents. 

Antimicrobial chemotherapeutic agents each affect a limited group of microorganisms 

(Figure 20.15). 

Growth factor analogs (Figure 20.18) such as sulfa drugs (Figure 20.17), isoniazid, and 

nucleic acid analogs are synthetic metabolic inhibitors. Quinolones (Figure 20.19) inhibit 

the action of DNA gyrase in Bacteria. 
20.7 Naturally Occurring Antimicrobial Drugs: Antibiotics 

Antibiotics are a chemically diverse group of antimicrobial agents that are produced by a 

variety of microorganisms. Although many antibiotics are known, most are not useful in 

humans or animals because of poor uptake or toxicity. 

Many antibiotics function by inhibiting transcription or translation in the target 

microorganisms. Nearly all nucleoside analogs, or nucleoside reverse transcriptase 

inhibitors (NRTI), work by the same mechanism, inhibiting elongation of the viral nucleic 

acid chain by a nucleic acid polymerase. Nevirapine, a non‑nucleoside reverse 

transcriptase inhibitor (NNRTI), binds directly to reverse transcriptase and inhibits reverse 

transcription. 

Certain broad‑spectrum antibiotics are effective on both gram‑negative and gram‑positive 

Bacteria. 

20.8 β‑Lactam Antibiotics: Penicillins and Cephalosporins 

The β‑lactam antibiotics, including the penicillins (Figure 20.20) and the cephalosporins, 

are the most important clinical antibiotics. These compounds target cell wall synthesis in 

Bacteria. They have low host toxicity and a broad spectrum of activity. 

Many semisynthetic penicillins are effective against gram‑negative Bacteria. 
20.9 Antibiotics from Prokaryotes 

The aminoglycosides (Figure 20.21), macrolides (Figure 20.22), and tetracycline 

antibiotics are structurally complex molecules produced by Bacteria and are active against 

other Bacteria. All of these work by interfering with protein synthesis. 

Daptomycin, a novel antibiotic, depolarizes the cell membrane 
20.11 Antifungal Drugs 

Antifungal agents (Table 20.6) fall into a wide variety of chemical categories. Because 

fungi are Eukarya, selective toxicity is hard to achieve, but some effective 

chemotherapeutic agents are available. 

Figure 20.24 shows the sites of action of some antifungal chemotherapeutic agents. 

Treatment of fungal infections is an emerging human health issue. 
20.12 Antimicrobial Drug Resistance 

The use of antimicrobial drugs has fostered the development of resistance in the targeted 

microorganisms. 

Table 20.7 gives mechanisms of antibacterial drug resistance. Resistance results from the 

selection of resistance genes. Antibiotics may be selectively inactivated by chemical 

modification or cleavage (Figure 20.25). 

Resistance can be accelerated by the indiscriminate use of antimicrobial drugs (Figure 

20.26). 

Figure 20.27 shows the appearance of antimicrobial drug resistance in some human 

pathogens. A few organisms have developed resistance to all known antimicrobial drugs. 
 

21.1 Overview of Human–Microbial Interactions 

Animal bodies are favorable environments for the growth of microorganisms, most of 

which do no harm (Table 21.1). Microorganisms that cause harm are called pathogens, and 



the ability of a pathogen to cause disease is called pathogenicity. An opportunistic 

pathogen causes disease only in the absence of normal host resistance. 

Pathogen growth on the surface of a host, often on the mucous membranes, may result in 

infection and disease (Figure 21.1). 

Mucous membranes are often coated with a protective layer of viscous soluble 

glycoproteins called mucus. 

The ability of a microorganism to cause or prevent disease is influenced by complex 

host‑parasite interactions. 
21.2 Normal Microbial Flora of the Skin 

The skin (Figure 21.2) is a generally dry, acidic environment that does not support the 

growth of most microorganisms. However, moist areas, especially around sweat glands, 

are colonized by gram‑positive Bacteria and other members of the skin normal flora. 

Environmental and host factors influence the quantity and quality of the normal skin 

microflora. 
21.3 Normal Microbial Flora of the Oral Cavity 

Bacteria can grow on tooth surfaces in thick layers called dental plaque (Figures 21.3, 

21.5). Plaque microorganisms produce adherent substances. Acid produced by 

microorganisms in plaque damages tooth surfaces, and dental caries result. A variety of 

microorganisms contribute to caries and periodontal disease. 
21.4 Normal Microbial Flora of the Gastrointestinal Tract 

The stomach is very acidic and is a barrier to most microbial growth. 

The intestinal tract (Figure 21.8) is slightly acidic to neutral and supports a diverse 

population of microorganisms in a variety of nutritional and environmental conditions. 

Table 21.2 lists biochemical⁄metabolic contributions of intestinal microorganisms. 
21.5 Normal Microbial Flora of Other Body Regions 

In the upper respiratory tract (nasopharynx, oral cavity, and throat), microorganisms live in 

areas bathed with the secretions of the mucous membranes. The normal lower respiratory 

tract (trachea, bronchi, and lungs) has no resident microflora, despite the large numbers of 

organisms potentially able to reach this region during breathing. 

The presence of a population of normal nonpathogenic microorganisms in the respiratory 

tract (Figure 21.10) and urogenital tract (Figure 21.11) is essential for normal organ 

function and often prevents the colonization of pathogens. 
21.6 Entry of the Pathogen into the Host 

Pathogens gain access to host tissues by adherence to mucosal surfaces through 

interactions between pathogen and host macromolecules. Table 21.3 gives major 

adherence factors used to facilitate attachment of microbial pathogens to host tissues. 

Pathogen invasion starts at the site of adherence and may spread throughout the host via 

the circulatory systems. 

A polymer coat consisting of a dense, well‑defined layer surrounding the cell is known as 

a capsule. A loose network of polymer fibers extending outward from a cell is known as a 

slime layer. 
21.7 Colonization and Growth 

A pathogen must gain access to nutrients and appropriate growth conditions before 

colonization and growth in substantial numbers in host tissue can occur. Organisms may 

grow locally at the site of invasion or may spread through the body. 

If extensive bacterial growth in tissues occurs, some of the organisms are usually shed into 

the bloodstream in large numbers, a condition called bacteremia. 
21.8 Virulence 



Virulence is determined by invasiveness, toxicity, and other factors produced by a 

pathogen (Figure 21.16). Various pathogens produce proteins that damage the host 

cytoplasmic membrane, causing cell lysis and death. Because the activity of these toxins is 

most easily detected with red blood cells (erythrocytes), they are called hemolysins (Table 

21.4). In most pathogens, a number of factors contribute to virulence. 

Attenuation is loss of virulence. 

Salmonella displays a wide variety of traits that enhance virulence (Figure 21.17). 
21.9 Virulence Factors 

Pathogens produce a variety of enzymes that enhance virulence by breaking down or 

altering host tissue to provide access and nutrients. Still other pathogen‑produced 

virulence factors provide protection to the pathogen by interfering with normal host 

defense mechanisms. These factors enhance colonization and growth of the pathogen. 
21.10 Exotoxins 

The most potent biological toxins are the exotoxins produced by microorganisms. Each 

exotoxin affects specific host cells, causing specific impairment of a major host cell 

function. 

Figure 21.19 illustrates the action of diphtheria toxin from Corynebacterium diphtheriae. 

Botulinum toxin consists of seven related toxins that are the most potent biological toxins 

known (Figure 21.20). 
21.11 Enterotoxins 

Enterotoxins are exotoxins that specifically affect the small intestine, causing changes in 

intestinal permeability that lead to diarrhea. Many enteric pathogens colonize the small 

intestine and produce A‑B enterotoxins. Food‑poisoning bacteria often produce cytotoxins 

or superantigens. 

Figure 21.21 illustrates the action of tetanus toxin from Clostridium tetani. 

The action of cholera enterotoxin is shown in Figure 21.22. 
21.12 Endotoxins 

Endotoxins are lipopolysaccharides derived from the outer membrane of gram‑negative 

Bacteria. Released upon lysis of the Bacteria, endotoxins cause fever and other systemic 

toxic effects in the host. 

Endotoxins are generally less toxic than exotoxins (Table 21.5). 

The presence of endotoxin detected by the Limulus amebocyte lysate assay indicates 

contamination of a substance by gram‑negative Bacteria. 
21.13 Host Risk Factors for Infection 

Conditions of age, stress, diet, general health, lifestyle, prior or concurrent disease, and 

genetic makeup may compromise the host's ability to resist infection. 

Many hospital patients with noninfectious diseases (for example, cancer and heart disease) 

acquire microbial infections because they are compromised hosts. Such hospital‑acquired 

infections are called nosocomial infections. 
21.14 Innate Resistance to Infection 

Nonspecific physical, anatomical, and chemical barriers prevent colonization of the host 

by most pathogens (Figure 21.24). Lack of these defenses results in susceptibility to 

infection and colonization by a pathogen. 

Table 21.6 shows tissue specificity in infectious disease. 
 

24.1 Isolation of Pathogens from Clinical Specimens 

Proper sampling and culture of a suspected pathogen is the most reliable way to identify an 

organism that causes a disease (Figure 24.1). 



Most clinical samples are first grown on general‑purpose media, media such as blood agar 

that support the growth of most aerobic and facultatively anaerobic organisms. 

Enrichment culture, the use of selected culture media and incubation conditions to isolate 

microorganisms from samples, is an important part of clinical microbiology. 

Table 24.1 shows recommended enriched media and selective media for primary isolation 

of pathogens. 

Differential media are specialized media that allow identification of organisms based on 

their growth and appearance on the media. 

Experienced clinical microbiologists may make a tentative identification of an isolate by 

observing the color and morphology of colonies of the suspected pathogen growth on 

various media, as described in Table 24.2. 

Bacteremia is the presence of bacteria in the blood. 

Septicemia is a blood infection resulting from the growth of a virulent organism entering 

the blood from a focus of infection, multiplying, and traveling to various body tissues to 

initiate new infections. 

The selection of appropriate sampling and culture conditions requires knowledge of 

bacterial ecology, physiology, and nutrition. 

24.2 Growth‑Dependent Identification Methods 

Traditional methods for identifying pathogens depend on observing metabolic changes 

induced as a result of growth. These growth‑dependent methods provide rapid and 

accurate pathogen identification. 

Table 24.3 gives important clinical diagnostic tests for bacteria. 
24.3 Antimicrobial Drug Susceptibility Testing 

Antimicrobial drugs are widely used for the treatment of infectious diseases. Pathogens 

should be tested for susceptibility to individual antibiotics to ensure appropriate 

chemotherapy. This rigorous approach to antimicrobial drug treatment is usually applied 

only in health-care settings. 

The standard procedure that assesses antimicrobial activity is called the Kirby–Bauer 

method (Figure 24.8). Agar media are inoculated by evenly spreading a defined density of 

a suspension of the pure culture on the agar surface. Filter paper disks containing a defined 

quantity of the antimicrobial agents are then placed on the inoculated agar. After a 

specified period of incubation, the diameter of the inhibition zone around each disk is 

measured. Table 24.4 presents zone sizes for several antibiotics. 

Antibiograms are periodic reports that indicate the susceptibility of clinically isolated 

organisms to the antibiotics in current local use. 
24.4 Safety in the Microbiology Laboratory 

Safety in the clinical laboratory requires effective training, planning, and care to prevent 

the infection of laboratory workers with pathogens. Materials such as live cultures, 

inoculated culture media, used hypodermic needles, and patient specimens require specific 

precautions for safe handling. 
 

26.9 Staphylococcus 

Although staphylococci are usually harmless inhabitants of the upper respiratory tract and 

skin, several serious diseases can result from pyogenic infection, including some caused by 

staphylococcal superantigens. Staphylococci can cause acne, boils (Figure 26.21), pimples, 

impetigo, pneumonia, osteomyelitis, carditis, meningitis, and arthritis. 

Certain strains of S. aureus have been implicated as the agents responsible for toxic shock 

syndrome (TSS), a serious outcome of staphylococcal infection characterized by high 

fever, rash, vomiting, diarrhea, and occasionally death. 



 

29.5 Staphylococcal Food Poisoning 

Staphylococcal food poisoning results from the ingestion of preformed enterotoxin, a 

superantigen produced by Staphylococcus aureus when growing in foods. In many cases, 

S. aureus cannot be cultured from the contaminated food. 
29.6 Clostridial Food Poisoning 

Clostridium food poisoning results from ingestion of toxins produced by microbial growth 

in foods or by microbial growth and toxin production in the body. Perfringens food 

poisoning is quite common and is usually a self‑limiting gastrointestinal disease. 

Botulism is a rare but very serious disease, with significant mortality (Figure 29.6). 
29.7 Salmonellosis 

There are more than 1.3 million cases of salmonellosis every year in the United States 

(Figure 29.7). The disease results from infection with ingested Salmonella introduced into 

the food chain from food production animals or food handlers. 
29.8 Pathogenic Escherichia coli 

Enteropathogenic Escherichia coli can cause serious food infections. Specific measures, 

such as radiation of ground beef, have been implemented to curb the spread of these 

pathogens. Large‑scale processing methods for meats and meat products allow 

contaminants from a small number of individual carcasses to contaminate or infect large 

numbers of products. 
 

30.2 Primary and Secondary Metabolites 

Primary metabolites are produced during active cell growth, and secondary metabolites are 

produced near the onset of stationary phase (Figure 30.2). 

Figure 30.3 shows the interrelationship of the main primary metabolic pathway for 

aromatic amino acid synthesis and the secondary metabolic pathways for a variety of 

antibiotics. 

Many economically valuable microbial products are secondary metabolites. 

30.3 Characteristics of Large‑Scale Fermentations 

Large‑scale industrial fermentation presents several engineering problems. Aerobic 

processes require mechanisms for stirring and aeration. The microbial process must be 

continuously monitored to ensure satisfactory yields of the desired product. 

Industrial fermentors can be divided into two major classes, those for anaerobic processes 

and those for aerobic processes (Figure 30.4b). 

Table 30.1 shows fermentor sizes for various industrial processes. 
30.5 Antibiotics: Isolation and Characterization 

The industrial production of antibiotics begins with screening for antibiotic producers 

(Figure 30.7). Once new producers are identified, purification (Figure 30.8) and chemical 

analyses of the antimicrobial agent are performed. If the new antibiotic is biologically 

active in vivo, the industrial microbiologist may genetically modify the producing strain to 

increase yields to levels acceptable for commercial development. 
30.6 Industrial Production of Penicillins and Tetracyclines 

Major antibiotics of clinical significance include the b‑lactam antibiotics penicillin (Figure 

30.9) and cephalosporin and the tetracyclines (Figure 30.11). Cephalosporins are valued 

clinically not only because of their low toxicity but also because they are broad‑spectrum 

antibiotics, useful against a wide variety of bacterial pathogens. 

Figure 30.10 shows the kinetics of the penicillin fermentation with Penicillium 

chrysogenum. 



If the penicillin fermentation is carried out without addition of side‑chain precursors, the 

natural penicillins are produced. The fermentation can be more directed by adding to the 

broth a side‑chain precursor so that only one desired penicillin is produced. The product 

formed under these conditions is referred to as a biosynthetic penicillin. To produce the 

most useful penicillins, those with activity against gram‑negative Bacteria, a combined 

fermentation and chemical approach is used that leads to the production of semisynthetic 

penicillins. 

All of these antibiotics are typical secondary metabolites, and their industrial production is 

well worked out despite the fact that the biochemistry and genetics of their biosynthesis 

are only partially understood. 
 


