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Chapter 1
Concept and Reasoning Checks 1
a.	Finding such animalcules must have been truly astonishing. The idea of spontaneous generation was prevalent at the time, so most naturalists might have suggested such tiny creatures arose from nonliving things, be they in pond water or on the surface of one’s teeth.
b.	Only through experimentation and the use of proper controls could the idea of spontaneous generation of animalcules eventually be discredited. Even still, it took many refinements of experiments with ever more precise controls, as carried out by Pasteur, to finally debunk spontaneous generation of animalcules.
Concept and Reasoning Checks 2
a.	Both variolation and vaccination were relatively successful in immunizing some people against smallpox. Obviously, with variolation there was the chance that any live agent (smallpox virus) in the dried scab could cause smallpox in the individual. That possibility was eliminated by Jenner using a cowpox sample instead. 
b.	Semmelweis’ observations were critical to advancing the idea of disease transmission, in this case from medical students to patients. Importantly, simple hand washing could stop the transmission. Likewise, Snow provided evidence that a contaminated water pump was the source of the cholera outbreak in London. Again, a simple procedure, removing the pump handle, prevented the transmission of cholera.
Concept and Reasoning Checks 3
a.	Pasteur demonstrated that yeasts were needed for the fermentation process and souring was due to contamination by bacterial cells. Thus, microorganisms had the ability to affect the quality of a product through their metabolism. Likewise, why couldn’t germs cause changes in human physiology (disease) through their metabolism?
b.	Lister’s antisepsis procedures in surgery demonstrated that human tissue could be disinfected, making infection much less likely; that is, killing microbes prevented infection. Pasteur’s work on pébrine showed that separating diseased silkworms and their food from healthy silkworms also prevented the spread of the disease; that is, Pasteur provided a simple intervention to stop the spread of the disease, again supporting the germ theory.
c.	Pure culture was necessary for Koch’s postulates because according to the postulates a specific organism should be associated with a specific disease. If the culture was not pure and contained several bacterial species, which species was responsible for the disease would not have been possible to decipher.
d.	Both Pasteur and Koch made use of the science laboratory as an important “tool” in identification of disease. Both men carried out experiments using cultures of microorganisms and the laboratory provided the environment for these controlled studies. Both labs involved many associates, working on different diseases or different aspects of the same disease. Prior to this time, most naturalists were independent individuals.
Concept and Reasoning Checks 4
a.	Viruses were discovered as a result of their ability to pass through a filter that trapped bacterial cells. This filtrate still caused disease.
b.	Early on in the mid-1700s and into the 1800s, it was known that some fungi could cause plant diseases. Pasteur identified fungal yeasts as important to the wine fermentation process and discovered that some protozoa (protists) were responsible for silkworm disease (pébrine). Fungal infections of the human skin were identified in the mid-1800s by David Gruby.
c.	The work of Winogradsky and Beijerinck was critical to the beginnings of environmental microbiology and microbial ecology. They showed that microbes can have positive effects in nature and were not simply organisms of disease. 
d.	Leeuwenhoek certainly saw several different protists, including different algae and protozoa. In addition, he saw yeasts (fungi) and was the first to observe bacterial cells. 
Concept and Reasoning Checks 5
a.	The second Golden Age of microbiology provided useful microorganisms from which one could study biological problems (e.g., mutations, genes coding for enzymes, and what the  genetic storehouse of information was in cells) whose answers pertained to all living organisms. 
b.	Prokaryotic cells have a cellular organization that lacks most of the membranous subcompartments typical of eukaryotic cells, such as a cell nucleus.
c.	Salvarsan and prontosil are examples of synthetic (man-made) antimicrobial substances, while the drugs developed by Fleming, Florey and Chain, and Waksman were true antibiotics, antimicrobial substances produced by living fungal or bacterial organisms.
Concept and Reasoning Checks 6
a.	In terms of microbial ecology, the ability to study and characterize unculturable microbes makes it possible to understand the relationships between microbes in the environment. The role of biofilms in nature and in the human body has been a major driving force to better understand microbial communities. Another advance has been the development of bioremediation using microorganisms to clean up polluted environments. Because many microbes reproduce at relatively fast rates, our understanding of evolutionary process and evolutionary history have been advanced.
 
Chapter 2
Concept and Reasoning Checks 1
a.	Atomic number refers to the number of protons in an element while the mass number refers to the sum of the protons and neutrons in an element.
b.	An isotope is a change in the number of neutrons in an element while an ion is a change in the number of electrons in an element.
c.	No. The outer shells are missing one or more electrons needed to fill those shells.
Concept and Reasoning Checks 2
a.	CaCl2 =   Cl– — Ca++ — Cl–
b.	The sharing of electron pairs is to fill the outer electron shell with the maximum number of electrons, forming a more stable element.
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d.	Dehydration synthesis:  reactants = glucose; products = maltose and water.
Hydrolysis:  reactants = maltose and water; products = glucose. 
Concept and Reasoning Checks 3
a.	The solvent is what does the dissolving = water; the solute is what is dissolved in the solvent (e.g., sugar, salt); and the solution is the solutes dissolved in the solvent.
b.	Acids donate hydrogen ions (H+ = protons) to a solution while a base combines with H+ in solution.
c.	If the pH does drop, it tells you that the buffer system has been saturated and can no longer maintain pH.
Concept and Reasoning Checks 4
a.	All the functional groups (except the carbonyl) have at least one hydrogen atom as part of the group.
b.	Carbohydrate monomers contain functional groups—especially hydroxyl groups—that participate in dehydration synthesis reactions to build large molecules. When these have been assembled into long polysaccharide chains, they form energy polymers such as starch and glycogen. They also may form structural polymers, such as cellulose and chitin.
c.	Lipids are not long chains of repeating monomers the way that polysaccharides are with thousands of repeating monosaccharides.
d.	DNA is a double stranded molecule (double helix), contains the sugar deoxyribose, and has four bases (ATGC); RNA is a single strand, contains the sugar ribose, and has four bases (AUGC).
e.	A denatured protein has lost all higher levels of folding. Without the correct secondary and tertiary (and perhaps quaternary) structure, it does not have the correct shape to carry out its specific function.

Chapter 3
Concept and Reasoning Checks 1
a.	Bacterial communication resembles human social media, like “Twitter,” in that both send messages as to what they (bacterial cells, humans) are doing at any particular time. The receiver, by monitoring those signals, knows the status and responds accordingly.
b.	All cells: have DNA as their genetic material, which is in the form of one or more chromosomes; use an essentially universal genetic code; separate the internal compartment (cytoplasm) from the environment by a cell (plasma) membrane; organize internal metabolism as reflected in the presence of the cytoplasm that contains specific compartments surrounded by the cytosol.
c.	“Looks can be deceiving” as there is nothing simple about bacterial cells. They carry out most all the metabolic reactions found in eukaryotic cells plus specific prokaryotic processes. There simply is no need for a membrane to form separate compartments. They can still carry out all the reactions and processes typical of a eukaryotic cell. In other words, although the structure of the cells may look different, the patterns and processes of metabolism often are very similar.
Concept and Reasoning Checks 2
a.	Event 1: Linnaeus’ cataloging of organisms according to shared, multicellular characteristics; event 2: Haeckel’s construction of a three-kingdom system was base on the presence of some organisms sharing a unicellular organization; event 3: Whittaker’s reorganization of organisms into a five-kingdom system was based on the shared characteristics of the fungi; and event 4: Woese’s splitting of the kingdom Monera into two domains, the Bacteria and Archaea was based on characteristics specific to each of the domains. 
b.	The submerged continent is the domain Archaea and it is referred to as “lifted” because the organisms in the domain were pulled from (lifted out of) the traditional kingdom Monera to form their own domain separate from the domain Bacteria.
c.	(iii) Bacillus anthracis
d.	An order consists of many related families having shared characteristics.
e.	Many bacterial and archaeal organisms carry out many of the same processes, so a variety of tests are necessary to identify one species from another.
Concept and Reasoning Checks 3
a.	750 nm.
b.	Resolution is just as important as magnification because if you magnify an image without increasing its resolution, the image will simply appear as a larger blur and you cannot make out the image’s detail.
c.	A cationic dye is positively charged and would be attracted to cells because of their overall negative charge. The cell would be the dye color. An anionic dye would be repelled by the cell surface as like charges repel. The cell would appear clear, usually seen against a dark background.
d.	Phase-contrast, dark-field, and fluorescence microscopy.
e.	(i.) Scanning electron microscope; (ii) transmission electron microscope.

Chapter 4
Concept and Reasoning Checks 1
a.	One event involved the evolution of the eukaryotic mitochondrion from an ancestor of a symbiotic proteobacterium. Events two and three involve the ability of evolving Cyanobacteria to produce oxygen gas and the eukaryotic chloroplast probably evolved from a symbiotic cyanobacterium
b.	Extreme environments provide unique areas with much less competition. In addition, these archaeal cells are so uniquely adapted to their environment that they would have difficulty surviving anywhere else.
Concept and Reasoning Checks 2
a.	A coccobacillus cell would literally mean a “spherical rod.” Such cells tend to be short and wide or oval-shaped cells, intermediate between that of a sphere and a rod.
Concept and Reasoning Checks 3
a.	External structures allow the cells to interact and sense the environment; the envelope provides protection and separation of the cytoplasm from the environment; and the cytoplasmic structures carry out the metabolic events necessary for cell growth and reproduction.
Concept and Reasoning Checks 4
a.	The primary function of pili is adhesion to a surface. Conjugation pili are involved with the transfer of DNA from a donor cell to a recipient cell. Type IV pili can pull cells along a surface.
b.	During a “run,” bacterial cells rotate their flagella counterclockwise, which propels the cell forward until a reversal of flagellar rotation to clockwise interrupts the run; the cell temporarily tumbles.
c.	In dryer environments, a capsule might be better at preventing desiccation as it would contain more water than a slime layer. If a pathogen cell attacks its host, a capsule may be better at preventing easy engulfment by white blood cells.
Concept and Reasoning Checks 5
a.	Gram-negative cells have little peptidoglycan and, with an outer membrane, gram-negative cells block entry of many substances, including these antimicrobials.
b.	The pseudopeptidoglycan walls in some archaeal species has the NAM monosaccharide of the bacterial wall replaced by NAT (N-acetyltalosamine uronic acid).
c.	Phospholipids are needed to provide a barrier separating environment from cytoplasm. Because essential polar molecules like glucose and amino acids cannot pass through this hydrophobic layer, membrane proteins form channels or pores through which these polar molecules can move.
d.	Archaeal membranes contain ether-linked lipids rather than ester-linked ones. In addition, the lipids form either a bilayer or, in hyperthermophiles, a monolayer.
Concept and Reasoning Checks 6
a.	The bacterial chromosome contains all the information a bacterial cell needs for growth and metabolism. It is the “essential hereditary information.” Without it, the cell would not survive.
b.	The plasmid has few genes as compared to a bacterial chromosome, replicates independently of chromosomal replication, and contains “accessory genetic information.”
c.	Ribosomes are the essential “machines” to make proteins; microcompartments, subcellular structures with a protein shell, have specialized roles in different bacterial cells; and inclusions serve as storage bodies in cells. Storage may be for nutrients or the building blocks of cell structure.
d.	The prokaryotic cytoskeleton lacks the three-dimensional cytoskeletal structures (microtubules, microfilaments, intermediate filaments) found in eukaryotic cells. However, the proteins of both cytoskeletons have some common properties in forming and maintaining cell shape. Again structure differs between prokaryotes and eukaryotes, but patterns and processes may be very similar.

Chapter 5
Concept and Reasoning Checks 1
a.	A bacterial cell monitors its cytoplasmic volume through a measure of mass and size. When the volume surpasses a set point, it will progress into the B period of the cell cycle. 
b.	E. coli must have been dividing every 20 minutes (21 divisions) to reach 2 million cells in 7 hours. Therefore, because it take takes T. pallidum 33 hours to divide, 21 divisions x 33 hours/division = 693 hours = 28.9 days.
Concept and Reasoning Checks 2
a.	During the lag phase, the cells are preparing for binary fission; in the log phase, the cells are dividing at their maximal rate; in stationary phase, nutrients are becoming limited, so the number of cells dividing is equal to the number dying; in the decline phase, more cells are dying than are dividing.
b.	The trigger for endospore formation is nutrient depletion. The trigger for persister cell formation is not nutrient depletion. These are simply cells that have hardly any metabolism occurring so they can survive “hard times.”
c.	Temperature extremes: below 0º C and above 80º C; oxygen does not really have extreme conditions, as microbes either need it or they don’t; pH extremes lower than 3 and above 9; osmotic extremes: salt concentrations of 20% NaCl.
Concept and Reasoning Checks 3
a.	Both media have many of the same chemical constituents, such as a carbon and energy source, vitamins, and growth factors. However, the exact nature of those constituents and factors are not completely known in a complex medium, while they are in a chemically defined medium.
b.	The vast majority of the microbial world will not grow in any type of known growth medium. This “great plate count anomaly” has been resolve by “seeing” these viable but noncultured microbes with the microscope or more often by identifying their unique 16S ribosomal gene sequences. 
c.	Pour-plate method requires that the microbial sample be “diluted” out in molten agar in an agar plate. Therefore, many colonies will be “embedded” in the agar and thus hard to remove. The streak plate method requires that the microbial sample be spread out over four sectors on the surface of a solidified agar plate. These colonies are exposed at the surface and easy to remove.
d.	Direct methods include: direct microscopic count, most probable number test, and the standard plate count procedure. Indirect methods include: dry weight, oxygen gas uptake, and turbidity measurements.

Chapter 6
Concept and Reasoning Checks 1
a.	Enzymes are proteins; they increase the probability of a chemical reaction by recognizing a specific substrate; they remain unchanged in the reaction and are reused; and they are needed in minute amounts.
b.	It is at the active site where substrate recognition occurs and where the enzyme destabilizes one or more chemical bonds within the substrate. The result makes a chemical reaction highly probable.
c.	Nine enzymes are involved. The last enzyme converts the last intermediate into the final product.
d.	Competitive inhibition involves an inhibitor binding to and competing with the substrate for the active site of the enzyme while noncompetitive inhibition binds to another site on the enzyme, which results in a shape change to the active site.
e.	Many chemical reactions in bacterial and archaeal (and eukaryotic) cells require ATP. Cells could not synthesize and supply ATP fast enough if each molecule had to be built from scratch; therefore, the ATP cycle is critical in recycling ATP molecules to be used over and over again.
Concept and Reasoning Checks 2
a.	C6H12O6  + 6 O2 + 32 ADP + 32 P           6 CO2 + 6 H2O + 32 ATP
The carbon atoms end up in CO2; the hydrogen atoms end up in water; and the oxygen atoms end up in CO2 and water.
b.	The energy that was in glucose is now in the ATP and NADH molecules; the rest has been lost as heat.
c.	Initial substrates are acetyl Co-A and oxaloacetate; being a cycle, one could argue there is no final end product or could identify oxaloacetate as the final end product. 
d.	NADH and FADH2 are the sources for electrons used in the electron transport chain, which is involve with chemiosmosis and ATP synthesis. They are responsible for 28 of the 32 ATPs generated per glucose.
Concept and Reasoning Checks 3
a.	Lipids are broken down into glycerol and fatty acids with these products feeding into glycolysis or to the citric acid cycle through acetyl Co-A. The 2-carbon skeleton of amino acids can enter through glycolysis, acetyl Co-A, or the citric acid cycle.
b.	Anaerobic respiration is not quite as efficient as aerobic respiration in generating ATP molecules, so the supply is a bit more limited. Metabolism may be slower because of the limited supply of ATP.
c.	If a microbe finds itself in an environment lacking all useable final electron acceptors for aerobic/anaerobic respiration, then only those microbes with the enzyme pathways to carry out fermentation will be able to generate ATP through the recycling of NADH to NAD+.
Concept and Reasoning Checks 4
a.	In a simple sense they are opposite processes:
Cellular respiration: glucose + O2 → CO2 + H2O + ATP
	Photosynthesis:        CO2 + H2O + ATP → glucose + O2
Concept and Reasoning Checks 5
a.	Parasites and pathogens have evolved to “live off” other organisms to make their organic molecules. Autotrophs use the carbon (CO2) in the air and energy in sunlight to make their organic molecules.

Chapter 7
Concept and Reasoning Checks 1
a.	Maintaining sterility or sanitary conditions depends on the particular environment in question. Surgical instruments must be kept sterile, while the operating room would be highly sanitized. Likewise, in the home kitchen, counter tops, bathroom toilets, and sinks are sanitized by using various chemical agents. They are not sterilized.
Concept and Reasoning Checks 2
a.	The thermal death time is time necessary to kill a microbial population of cells at a given temperature. The thermal death point is the minimal temperature needed to kill a microbial population in 10 minutes.
b.	Dry heat includes incineration that completely destroys contaminated material like hospital gowns, highly contaminated blankets, or infectious animals in an epidemic. It is not so much a need to sterilize as it is to eliminate the microorganisms and the carriers of the microbes.
c.	Moist heat is used in an autoclave, where high temperature (through increased pressurization) sterilizes heat insensitive materials and liquids. The pressure simply allows liquid water to remain liquid above 100°C and it is the steam temperature that is involved in the killing. Pasteurization eliminates pathogens from liquid beverages, like milk, but does not sterilize.
d.	Filtration may be used to sterilize solutions and pharmaceuticals, and air filters (HEPA) can be used to exclude microorganisms from certain environments, such as operating rooms and isolation rooms.
e.	UV light can be used limit airborne or surface contamination.
f.	Ionizing radiations (X rays and gamma rays) can be used to sterilize heat-sensitive pharmaceuticals, hormones, and antibiotics. The radiations also can be used to preserve foods.
g.	Salting foods removes water, making colonization by microbes less likely due to low moisture content. The salt also sets up an osmotic imbalance, causing microbes to lose water.
Concept and Reasoning Checks 3
a. 	(i) An antiseptic is a chemical used on living tissues while a disinfectant is used on inanimate objects. (ii) Disinfection simply refers to the destruction of pathogens while sanitization reduces the numbers of microorganisms to a level deemed safe by public health standards.
b.	Ideally antimicrobial chemicals should kill or inhibit the growth of microbes; be nontoxic to animals and humans if used as an antiseptic; be soluble in water and effective at diluted concentrations; and have a long shelf life.
c.	The effectiveness of a chemical agent is important in making sure it will kill or inhibit the microorganisms of concern yet not be so potent it will cause harm to animals and people.


Concept and Reasoning Checks 4
a.	Chlorine can be used as a disinfectant and, in some organic compounds, as an antiseptic. Iodine at extremely low concentrations can be used as an antiseptic.
b.	Bisphenols can be ingredients in antiseptics such as surgical scrubs, while triclosan is found in mouthwashes, toothpastes, kitchen sponges, and numerous other objects.
c.	Heavy metals react with proteins. Mercurial derivatives have been used in antiseptics, copper as a disinfectant, and silver compounds antiseptics or disinfectants.
d.	The 70% alcohol will evaporate less rapidly than 95% and therefore be more effective as an antiseptic.
e.	Soaps, being mild surfactants composed of fatty acids and sodium hydroxide, remove and reduce the number of microbes from a surface. Quats are ammonium chloride derivatives and represent cationic detergents (strong surfactants) that can destroy some bacterial species and viruses.
f.	Hydrogen peroxide breaks down into oxygen gas and water, so it may be useful against anaerobic pathogens. However, the speed of its breakdown does not make it the antiseptic of choice for open wounds.
g.	All can be used as chemical sterilants. Aldehydes inactivate proteins and nucleic acids. Formaldehyde can be used to inactivate viruses in vaccines and for producing toxoids; glutaraldehyde is a good chemical sterilant for certain hospital instruments. Ethylene oxide is a gas can be used to sterilize paper, rubber, and plastic materials that are heat sensitive. Chlorine dioxide also is a gas and can be used to sanitize air ducts and machinery.

Chapter 8
Concept and Reasoning Checks 1
a.	A bacterial chromosome is a circular, double-stranded DNA molecule that resides within the nucleoid. There are usually a few thousand genes on the DNA.
b.	A massive amount of DNA must be compacted in a prokaryotic cell. This can only be accomplished by supercoiling and the formation of looped domains.
c.	Nonessential information refers to information that is not required for the normal day-to-day existence, growth, and reproduction of the cell. Nonessential information, such as antibiotic resistance, may become useful under special circumstances, such as the cell finding itself in an environment containing the antibiotic to which it has resistance.
Concept and Reasoning Checks 2
a.	In a replication factory, unwinding proteins, including helicase, unwind the double helix; strand separation proteins break the hydrogen bonds between base pairs; and DNA polymerase adds the complementary strand to the template strand. 
b.	The DNA polymerase can only “read” the template strand in the 3' to 5' direction. As each replication fork unravels, one strand is 5' to 3' while the other is 3' to 5'. This means the DNA polymerase on the lagging strand is reading backwards; that is, away from the replication fork. The leading strand allows the polymerase to read continuously toward the fork.  
Concept and Reasoning Checks 3
a.	Bacterial genes lack introns and exons so there is no needed RNA processing of the primary RNA transcript as found in eukaryotic genes.
b.	Redundancy refers to the genetic code having more than one codon specifying the same amino acid. For example, CUU/C/A/G specifies leucine and UAU/C specifies tyrosine.
c.	The ribosome converts the language of nucleotide (A,U,G,C,) codons into the language of proteins (amino acid units).
d.	Hypothesis: Protein synthesis is critical to a cell’s ability to carry out metabolism. If so, then many antibiotics have evolved to target and interfere with translation in susceptible cells.
e.	Negative control refers to the “turning off” of transcription. The binding of a repressor protein to the operator blocks the movement of the RNA polymerase, so transcription cannot occur.
f.	In bacterial and eukaryotic cells, transcription is limited to the nucleoid/cell nucleus while translation is limited to regions of the cytosol.
Concept and Reasoning Checks 4
a.	Chemical mutagens either directly or indirectly result in the addition of an incorrect base in a gene, which, if transcribed, the translation product may be harmful to cell function.
b.	A base-pair deletion (or insertion) changes the ribosome’s reading frame, which will result in the incorrect amino acids being incorporated into the elongating polypeptide. Base-pair substitutions replace one base for another and do not change the reading frame.
c.	Mismatch repair will hopefully catch and correct any DNA replication errors that were missed during DNA replication proofreading, while excision repair will catch and correct any damaged (distorted) DNA due to physical mutagens like UV light.
d.	By “jumping” into another part of a bacterial chromosome, insertion sequences and transposons can disrupt a gene sequence, producing a nonfunctional protein that could cause the death of the cell. On the other hand, transposons can carry antibiotic resistance genes and, by jumping around on a plasmid, can confer antibiotic resistance to another cell. 
Concept and Reasoning Checks 5
a.	Negative selection is looking for something not growing (inhibited) on an agar plate. Positive selection is looking for something (mutant) that is growing on an agar plate due to the addition of a substance, such as an antibiotic.
b.	The Ames test is a useful method to detect potential chemicals that might be carcinogenic (tumor-causing) in humans by using the growth of bacterial cells as the indicator. Not all tested chemicals will necessarily be carcinogenic in humans and some results that give a negative Ames test might still be carcinogenic.

Chapter 9
Concept and Reasoning Checks 1
a.	HGT involves the transfer of genes between members of the same generation while vertical gene transfer is from parenteral generation and the next generation.
b.	Bacterial cells that are not competent will not take up foreign fragments of DNA from the environment. Transformation would not occur.
c.	F plasmids must have the genes to produce a conjugation bridge and the genetic ability to replicate independent of the bacterial chromosome.
d.	In an Hfr conjugation with an F–, not all the genes on the original F plasmid are transferred before the conjugation bridge breaks. What is transferred is part of the F plasmid and a few host chromosome genes only.
e.	Generalized transduction is the insertion by a virus of a bacterial DNA fragment into a recipient cell. Specialized transduction is the insertion by a virus of a DNA fragment having both bacterial and viral DNA.
Concept and Reasoning Checks 2
a.	To form a recombinant DNA molecule, you need: i. The two sources of DNA; ii. A restriction enzyme that opens both circular DNA molecules; iii. A DNA ligase to join together the sticky end from the separate DNA molecules.
b.	In medicine, there are several recombinant products, such as insulin, that patients can take to alleviate their condition. In environmental microbiology, bacterial species have been engineered to be competent in bioremediation and toxic waste clean up. In agriculture, genes from bacteria have been transferred into plants, making the transgenic plants better able to cope with herbicides or insect attack.
c.	DNA probes are specifically “designed” to search out and find specific gene sequences in pathogens. These sequences are unique, so binding of probe to a gene sequence makes pathogen identification very reliable.
Concept and Reasoning Checks 3
a.	The large number of bacterial genomes sequenced is due to several factors: first, bacterial genomes are relatively small, so sequencing does not take a tremendously long time. More importantly, sequencing allows microbiologists to compare sequences and find relationships to other microbial species. It also has identified many gene sequences that can have useful purposes, be it in pathogen identification or pathogen susceptibility to antibiotics, or sequences that can be used to make vaccines.
b.	The human genome is a blend of both vertebrate genes and retroviral genes (10%) that have been passed down from generation to generation.
c.	Microbial genomics is involved in such areas as safer food production, identification of uncultured species, and microbial forensics.
d.	By comparing the genomes of pathogenic and nonpathogenic species within the same genus or between genera, microbiologists are identifying the genes responsible for disease and understanding how these genes can be transferred horizontally between species.
e.	Metagenomics allows one to analyze the genomes of a whole community of microorganisms, many of which may not be able to be cultured. The analysis then can be used to compare the genetic attributes of these sequenced species or the products they produce.

Chapter 10
Concept and Reasoning Checks 1
a.	The URT is open to the environment through the nose and mouth and so would be subject to microorganisms that are inhaled from the air.
Concept and Reasoning Checks 2
a.	The bacterial cells have a capsule and pili, and they secrete toxins.
b.	Diphtheria can cause an infection that leads to respiratory blockage; the patient could suffocate, in this case a “bacterial strangulation.”
c.	If H. influenzae infects the epiglottis, it can swell and block air flow through the trachea and into the lungs. 
d.	Acute sinusitis can be caused by several indigenous microbes of the URT. Yellow or green pus may be discharged from the nose and treatment is aimed at improving sinus drainage and curing the infection. If untreated, acute sinusitis may develop into chronic sinusitis, which is defined as an infection that has been ongoing for 8 to 12 weeks.
e.	Health groups suggest that children older than 6 months who are otherwise healthy and have only mild signs and symptoms not be given antibiotics at least for the first 72 hours, as most cases of otitis media resolve on their own in a few days.
f.	Streptococcus agalactiae, Escherichia coli, and Listeria monocytogenes.
g.	The common pathogenesis involves: (1) colonization in the nasopharynx; (2) spread to the bloodstream; and (3) then crossing the blood-brain barrier to the meninges.
Concept and Reasoning Checks 3
a.	It might be from not being vaccinated or from the loss of vaccine-induced immunity, which lasts only 5-10 years.
b.	An infection is just that – an infection. Ninety percent of those individuals will not develop active TB, although they may have a positive tuberculin reaction and chest X ray (latent TB). They are not usually infectious. Primary or secondary TB disease represents the 10% of individuals that have actively reproducing bacilli and would have a positive sputum test. These individuals are highly infectious.
c.	The onset of a dry cough usually signals the beginning of acute bronchitis, a condition that occurs when the inner walls lining the main airways of the lungs become infected and inflamed. Inflammation increases the production of mucus, which then narrows the air passages – thus the breathlessness and wheezing.
d.	All HAPs are acquired more than 48 hours after admission to a hospital or healthcare facility, cause an inflammation of one or both lungs, and most show increased resistance to antibiotics.
e.	Hypothesis: Acquiring pneumonia depends on the health status of the individual. If so, then community-acquired pneumonia (CAP), such as pneumococcal pneumonia, is the result of people harboring the bacterial pathogen and spreading it to other apparently healthy individuals in the community. Healthcare-acquired pneumonia (HCAP) is the result of already ill individuals being exposed to pathogens, such as Staphylococcus aureus, present in the hospital environment.
f.	The chlamydiae are intracellular pathogens and most (other than Coxiella burnetii), are obligate intracellular pathogens. See Table 10.2 for mode of transmission.
g.	The toxins produced by the vegetative cells facilitate and cause severe breathing problems and shock.

Chapter 11
Concept and Reasoning Checks 1
a.	The GI defenses would include: mucins, lysozyme, lactoferrin, defensins, antibodies, low stomach pH, bile, proteolytic enzymes, and Peyer patches.
b.	Both have close proximity to the environment; oral cavity through food and water consumption; colon through colonization from the rectum.
Concept and Reasoning Checks 2
a.	Good oral hygiene removes the plaque biofilm that contains the bacteria responsible for dental caries.
b.	Long-term periodontitis can lead to high blood sugar levels (diabetes), increased risk of heart attack and stroke, and, in women, premature birth. See also MicroFocus 11.3.
Concept and Reasoning Checks 3
a.	The important points for determining the causes and origins (etiology) of an intoxication or infection include: whether the disease was caused by ingestion of a toxin or whole bacterium; the clinical symptoms; and the duration of the illness.
b.	Foods can become contaminated with pathogens through the (1) production, (2) preparation, and (3) packaging stages. Organisms also can be introduced through (4) the fecal-oral route or (5) by cross-contamination. Water can be contaminated through (6) unsanitary events in recreational waters and (7) from surface or groundwater contamination. 


Concept and Reasoning Checks 4
a.	They all are gram-positive bacteria that produce enterotoxins.
b.	They both affect nerve transmission across the nerve-muscle junction.
Concept and Reasoning Checks 5
a.	All produce some level of diarrhea.
b.	With ETEC, the cause is from contaminated food or water. EPEC arises in infants during childbirth from unsanitary conditions.
c.	Clostridium difficile is an opportunistic pathogen because it does not usually infect healthy individuals.
d.	It must cross the blood-brain barrier.
e.	Being filter feeders, oysters and other shellfish will concentrate pathogens from contaminated water making for a high infectious dose by the consumer of the raw shellfish.
f.	The bacterium causes acute gastroenteritis as a result of ingesting contaminated or undercooked meat.
g.	Typhoid fever is spread through contaminated food, drink, or water. If one eats or drinks something that is contaminated, the bacterial cells enter the body and travel to the intestines (“enteric” pertains to the intestines). An early symptom of infection is fever.
h.	Protecting oneself from salmonellosis is not easy as a variety of foods can become contaminated without the food appearing or tasting bad. Do not eat raw or undercooked eggs, poultry, or meat. Hands, cutting boards, counters, knives, and other utensils should be washed thoroughly after touching uncooked foods.
i.	Hand hygiene and cleaning work areas possible contaminated with raw or canned foods.
j.	Immune system immaturity allows the production of significant toxin to potentially cause HUS in children. For EPEC, unsanitary conditions make the disease more likely in infants who would be prone to put contaminated objects or fingers in their mouth.
k.	C. jejuni is transmitted by the fecal-oral route through contact with contaminated water or food.
l.	Y. enterocolitica causes the destruction of the ileum.
m.	Bacterial cells enter the stomach, where they synthesize and secrete urease. They also secrete a cytotoxin that destroys the mucus-secreting cells of the stomach lining. Exposure of the underlying connective tissue to acid then triggers ulceration.

Chapter 12
Concept and Reasoning Checks 1
a.	The toxins that the bacterial cells produce and secrete, and the presence of a capsule, are the basis of the disease.
b.	The definitive symptoms of tetanus are trismus (lockjaw) and opisthotonus (arching of the back).
c.	C. perfringens is an anaerobe, so placing the patient in a hyperbaric chamber will perfuse oxygen gas deep into the infected tissue, killing the bacterial cells.
d.	Host factors include abrasions; bacterial factors include the endoflagella and its ability to reproduce rapidly.
Concept and Reasoning Checks 2
a.	Bubonic plague could develop into pneumonic plague if the blood-borne bacterial cells spread to the lungs. There the cells can spread person-to-person by respiratory droplets from coughs.
b.	Hypothesis: The bacterial cells invade immune cells. If so, then by invading cells like macrophages, they can reproduce while hiding from the immune system and spread disease to various organs of the body.
c.	1. Early localized stage: erythema migrans (EM), fever, fatigue, malaise.
	2. Early disseminated stage: multiple small EMs, nerve disorders. 
3. Late stage: chronic arthritis.
d.	The reappearance of fever is due to the periodic decline and recurrence of the rickettsiae in the blood (see figure).
Concept and Reasoning Checks 3
a.	The vector for transmission (flea, tick, lice) and the mode of rash spread (trunk to extremities or extremities to trunk.
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Chapter 13
Concept and Reasoning Checks 1
a.	See Figure 13.2.
b.	The cervix represents a potential portal of entry for microbes from the lower genital tract.
c.	In bacterial vaginosis, the lactobacilli that normally produce lactic acid and hydrogen peroxide. A reduction is the production of these molecules in the vagina [provides an opportunity for other indigenous bacterial species to grow. 

Concept and Reasoning Checks 2
a.	In 80% to 90 % of infected individuals, the pathogen does not cause any symptoms or lead to extensive tissue injury; the disease is “silent.”  
b.	Female symptoms: abdominal pain discharge, and burning sensation; male symptoms: tingling sensation and pain when urinating along with a watery to thick yellow discharge. 
c.	 The three stages are: (i) primary syphilis, which is characterized by the formation of a chancre; (ii) secondary syphilis, which involves a skin rash appearing many weeks after the primary infection; and (iii) tertiary syphilis, which is identified by the presence of soft, granular lesions called gummas.
d.	All the walled gram-negative bacteria causing STDs have pili, which are found only with some gram-negative bacterial species. 
Concept and Reasoning Checks 3
a.	The urethra is colonized by microbes either along its whole length or certainly near the terminus because of its contact with the environment.
b.	The urethra is the closest to and in contact with the environment, making colonization and infection more likely.
c.	Urethritis: An infection confined to the urethra and characterized by painful urination in women and men, and discharge of mucoid or purulent material from the urethral orifice in men.
	Cystitis: Symptoms are similar to those of urethritis; clinically distinguished from urethritis by a more acute onset, more severe symptoms, the presence of bacteria in the urine, and, in proximately half of cases, hematuria.
	Prostatitis: Symptoms in men come on suddenly and may include fever and chills, and include the signs and symptoms of cystitis with increased urinary urgency and frequency. In chronic bacterial prostatitis, signs and symptoms develop more slowly and are not as severe as the acute condition.
	Pyelonephritis: Symptoms of pyelonephritis often begin suddenly with chills, fever, pain in the lower part of the back, nausea, and vomiting. About one third of people also have symptoms of cystitis.
Concept and Reasoning Checks 4
a.	The primary function of the epidermis is protection. The epidermis consists of keratinocytes that are produced in the basal layer. These cells migrate upward toward the skin surface and become the protective outer layer. Remaining intact, the epidermis prevents microbes and viruses from entering the underlying tissue. The epidermis also contains Langerhans cells that function as antigen-presenting cells if an infection should occur. 
The dermis is the thicker layer of fibrous connective tissue that supports and binds the epidermis to the subcutaneous tissue. It contains macrophages as well as dermal dendritic cells for immunity. The sweat glands produce lysozyme and sebaceous glands produce sebum.
b.	The three skin sites are: (i) the sebaceous sites, colonized primarily by Propionibacterium; (ii) the moist sites, colonized by Staphylococcus and Corynebacterium; and (iii) dry sites, colonized by four bacterial phyla.
c.	P. acnes can exacerbate the formation of acne by causing the keratinocytes, which are normally sloughed off, to become sticky, plugging up the follicle. Such plugged sebaceous glands are called comedones.
d.	The bacteria colonize and survive by forming a biofilm that is resistant to immune defenses and often impervious to antibiotics. Rigorous cleaning and disinfection of the skin surface must be done to minimize biofilm formation. The medical device must also be thoroughly cleaned and sterilized.
Concept and Reasoning Checks 5
a.	Toxin-generated S. aureus infections can lead to scalded skin syndrome or toxic-shock syndrome.
b.	GAS can cause STSS that produces fever, dizziness, confusion, and a large, flat rash over several areas of the body. Infection can cause a sudden drop in blood pressure, causing organs such as the kidneys, liver, and lungs to fail. With necrotizing fasciitis, enzymes and toxins produced by the bacteria cause necrosis of the subcutaneous tissue and adjacent fascia. 
c.	Debridement removes a patient's dead, damaged, or infected tissue to improve the healing abilities of the surrounding healthy tissue.
d.	Paucibacillary (tuberculoid) leprosy is characterized by a few (less than five) flat or slightly raised skin lesions of various sizes that are typically pale or slightly red and numb to touch. Multibacillary (lepromatous) leprosy is a more widespread and severe disease, involving larger numbers of infecting bacilli producing six or more skin lesions.
Concept and Reasoning Checks 6
a.	The challenges are formidable in that they must improve hygiene and providing clean water. Meeting these challenges would eliminate or reduce many infections, including trachoma.

Chapter 14
Concept and Reasoning Checks 1
a.	The key events were the inability to filter out the agent responsible for tobacco mosaic disease; the discovery of similar unfilterable agents causing animal diseases, including yellow fever in humans.
Concept and Reasoning Checks 2
a.	a. Capsid (made of capsomeres; often with spikes) protects the genome and permits attachment to and penetration of host cells; genome contains the information to make new virions. (b) Capsid (without spikes) protects the genome, which also contains the genetic information to make new virions. Envelope (with spikes) permits attachment to and penetration of host cells.
b.	Viruses have a helical, icosahedral, or complex shape, which is determined by the capsid structure.
c.	The viral capsid (+ spikes/surface proteins) and envelope with spikes are needed to affect host range and tissue tropism. Without a capsid or envelope with spikes viral replication could not begin.
Concept and Reasoning Checks 3
a.	DNA viruses have a genome that is either single-stranded or double-stranded DNA. The RNA virus genomes can be double-stranded, single-stranded (positive- or negative-strand), or single-stranded with a reverse transcriptase enzyme.
Concept and Reasoning Checks 4
a.	The advantage of a lysogenic cycle is that the phage DNA incorporates into the host chromosome as a prophage and is then “spread” to new cells during bacterial DNA replication and binary fission. It is a “passive” infection of new bacterial cells and there is no need to search out new bacterial cells to infect, which would be necessary for a lytic phage.
b.	See illustrations in textbook and insets. 
c.	Disease arises as a result of the virus going through replication in a productive infection. By subverting cell function, cell and tissue functions are disrupted,
d.	The polio viruses and influenza viruses have no DNA stage during replication, so there is no way the RNA genome can incorporate into the host DNA chromosome.
Concept and Reasoning Checks 5
a.	Many viruses produce a cytopathic effect as a result of replication in the host cells. Often these structural or morphological changes can be detected with the light microscope. The formation of plaques would also indicate the presence of viruses.
Concept and Reasoning Checks 6
a.	An oncogene is defined as a tumor or cancer-causing gene. The RNA tumor viruses (retroviruses) can insert their dsDNA into a chromosome such that it turns on cellular oncogenes or protooncogenes, or inactivates a tumor-suppressor gene. If the virus carries a viral oncogene, infection of a normal cell can cause that cell to start dividing uncontrollably—and perhaps eventually leading to cancer. The DNA tumor viruses carry viral oncogenes whose products inactivate tumor suppressor proteins.
Concept and Reasoning Checks 7
a.	Emerging diseases arise primarily by species jumping and a capacity to infect new hosts.
Concept and Reasoning Checks 8
a.	Viroids are pure RNA; there is no capsid or spikes, or envelope.
b.	Prions are (a) similar to viruses in that they are infectious and cause human disease. (b) They are different in that prions lack a genome; they are pure protein; they do not replicate themselves but rather transform other normal prion proteins (PrPC) into the infective form (PrPSC).

Chapter 15
Concept and Reasoning Checks 1
a.	There are hundreds of cold virus strains, so being immune to one strain does not make one immune to another strains.
b.	There are more than 50 serotypes, making vaccine development an almost impossible task.
Concept and Reasoning Checks 2
a.	The genetic nature of the spikes on influenza A has many forms (antigenic drift and shift) that can infect humans, making them most likely to be responsible for epidemics or pandemics.
b.	Common relationships: affect the LRT, they are enveloped, single-stranded (– strand) RNA viruses.
c.	SARS was spread through close contact with SARS-infected individuals. Hantavirus is spread by breathing the aerosolized dried urine or feces from infected deer mice.
Concept and Reasoning Checks 3
a.	A primary infection refers to the first infection by HSV coming from another external source (e.g., sexual intercourse); a latent infection is the result of the reactivation of the latent virus as seen by a reoccurrence of genital herpes.
b.	Transmission of VZV from a person with an active case of shingles to a susceptible person can induce chickenpox, but not shingles.
c.	HHV-6 can remain latent in bone marrow monocytes. Thus, a person receiving an infected bone marrow transplant can get an infection if the virus reactivates.
d.	Only HHV-8 is capable of carrying oncogenes.
Concept and Reasoning Checks 4
a.	Measles produces a skin rash while mumps produces swollen parotid glands.
b.	Rubella is also called German measles and the rash lasts about three days.
c.	A fiery red rash on the cheeks of infants.
d.	Papillomaviruses causing genital warts may carry an oncogene that stimulates uncontrolled cell growth, which can lead to cervical cancer.
e.	Chickenpox initially produces a rash primarily on the face, scalp, chest, and back; smallpox initially produces a rash that starts on the face, spreads to the arms and legs, and then to the hands and feet. Within 24 hours the rash will spread to the whole body.

Chapter 16
Concept and Reasoning Checks 1
a.	i. EBV complications involve heart defects, paralysis of the face, or spleen rupture; (ii) CMV complications include congenital disease or mental impairment in children. 
b.	Similarities include jaundice, cirrhosis of the liver, and possibly hepatocarcinoma.
Concept and Reasoning Checks 2
a.	Similarities: fever, muscle pain; Differences: (yellow fever) severe nausea, uncontrollable hiccups, violent, black vomit; (dengue fever) sensation that bones are breaking.
b.	Ebola hemorrhagic fever (EHF) causes damage to endothelial cells, which results in massive internal bleeding and hemorrhaging.
c.	Transmission comes from infected rodents or their urine/droppings.
Concept and Reasoning Checks 3
a.	See Table 3.
b.	Gastroenteritis usually leads to large losses of fluids from the body through diarrhea. Oral rehydration salt solutions replace the lost water and blood salts.
Concept and Reasoning Checks 4
a.	The rabies virus slowly moves through the nervous system toward the brain. Therefore, if the bite is on the foot or leg, it will take a long period of time for the virus to traverse the distance to the brain. If the infection came from a bite on the neck, the incubation period will be much shorter.
b.	The OPV was dropped because, although extremely rare, a mutation in the attenuated (weakened) virus in the vaccine could lead to a highly replicating virus in the vaccinated individual.
c.	Approximately 80 % of people infected with WNV will be asymptomatic. Up to 20 % of the people who become infected will contract West Nile fever and have symptoms such as fever, headache, body aches, nausea, vomiting, and sometimes swollen lymph glands or a skin rash on the chest, stomach and back. About one in 150 people infected with WNV will develop severe illness including encephalitis or meningitis.

Chapter 17
Concept and Reasoning Checks 1
a.	All the molds have a filamentous growth form where the filaments are composed of hyphae that function to absorb nutrients. Therefore, the greater the mass of hyphae (mycelium), the more efficient will be their ability to take up nutrients from the environment (dead and decaying matter).
b.	A great majority of the plants could not survive without mycorrhizae and endophytes, which provide the plant with minerals, water, and better or new growth sites. These associations may be as high as 90%, so without them, plant growth would be severely affected and crop plant decreases could be a disaster to the human species.
c.	Both types of reproduction produce spores, which are the primary form of species dispersal especially by air currents.
Concept and Reasoning Checks 2
a.	The Chytridiomycota are aquatic organisms with flagellated reproductive cells. The Glomeromycota form extensive mutualistic associations with plant roots.
b.	The zygomycetes are heterotrophic, terrestrial organisms with coenocytic hyphae that take up nutrients by absorption.
c.	The Ascomycota is made up of terrestrial species that reproduce by asexual and sexual reproduction. They are heterotrophic, have septate hyphae, and take up nutrients by absorption.
d.	The Basidiomycota have septate hyphae and decompose plant material. Many have both sexual and asexual cycles, although some appear to have lost a sexual cycle (or at least it has not been discovered). The basidiomycetes are heterotrophic and take up nutrients by absorption.
e.	The mitosporic fungi lack a sexual cycle. If a sexual cycle is discovered, the fungus usually is found to resemble the ascomycetes or basidiomycetes.
f.	Yeasts are of great commercial value in beer and wine making, and in the baking industry. Among eukaryotic microbes, it is probably the best studied and understood at the molecular and cellular levels.
Concept and Reasoning Checks 3
a.	Aflatoxins are potentially carcinogenic mycotoxins produced by species of Aspergillus that contaminate agricultural products. Ergot is caused by Claviceps that has infected cereal grains and the alkaloids produce numbness, hot and cold sensations, convulsions with epileptic-type seizures, and paralysis of the nerve endings.
b.	During the two-day remission, the mycotoxins are entering the liver and kidneys.
Concept and Reasoning Checks 4
a.	Dermatophytosis is a group of diseases sometime referred to as tinea infections. These are superficial skin infections such as athlete’s foot and ringworm. The fungus grows as a mycelium in the hair, skin, or nails.
b.	Candidiasis in the vagina is called vulvovaginitis (“yeast infection”), while that in the mouth is called thrush. An infection in the nails is called onychia.
c.	Sporotrichosis is a cutaneous infection characterized by one or many pus-filled lesions. Edema can occur if the infection spreads to the bloodstream.
Concept and Reasoning Checks 5
a.	Cryptococcosis is a dangerous disease because it can infect the lungs and meninges, leading to paralysis. The disease is especially dangerous to immunocompromised individuals.
b.	“Healthy” individuals normally are asymptomatic or experience a mild influenza-like illness. An immunocompromised individual may experience a disseminated form in the lungs and other internal organs.
c.	An immunocompromised individual may experience a disseminated form involving many internal organs that proves fatal.
d.	The unique feature of coccidioidomycosis is the formation of arthrospores in the environment (soil) and spherule and endospore formation in host tissue.
e.	Pneumocystis jiroveci produces an atypical pneumonia and the disease can be transmitted from person-to-person through respiratory droplets. 
f.	Aspergillosis is a mycelial disease of the lung where a ball of mycelium called an aspergilloma forms. Ergotism arises from eating ergotized rye. Symptoms can include convulsions with epileptic-type seizures and paralysis of the nerve endings.

Chapter 18
Concept and Reasoning Checks 1
a.	The plant-like protists carry out photosynthesis (autotrophic nutrition) similar to plants while the fungal-like protists exhibit heterotrophic nutrition.
b.	The parabasalids, diplomonads, and kinetoplastids can be separated by the numbers of flagella: parabasalids (100s); diplomonads (3 pair); kinetoplastids (1).
c.	The Unikonta are free-living freshwater or marine protists (Amoebozoans) that move by amoeboid motion and ingest nutrients through phagocytosis.
d.	Conjugation in ciliates is a reciprocal transfer of genetic information (micronuclei) while in domain Bacteria the transfer is one way, from donor to recipient, and it usually does not involve a complete genome transfer.
e.	Apicomplexans as adults are nonmotile and have a complex life cycle that involves asexual and sexual life cycles in separate hosts (intermediate and definitive, respectively).
Concept and Reasoning Checks 2
a.	The two types of leishmaniasis are: (i) cutaneous, where an ulcerated sore appears at the bite site on the skin; (ii) visceral, where white blood cells are infected. Fever, swollen spleen and liver, and emaciation result. The visceral form can be fatal.
b.	Amoebiasis is considered an “invasive” disease because the parasites can invade and destroy tissue in the large intestine.
c.	Cases of giardiasis mostly are reported during the summer as a result of people participating in outdoor activities and thus could be swimming in contaminated water or drinking water from contaminated creeks or rivers.
d.	Both diseases involve the ingestion of oocysts, have an incubation period of one week, and have similar symptoms. For cryptosporidiosis, the symptoms last about one to two weeks whereas the symptoms of cyclosporiasis can persist for more than a month.
e.	Trichomoniasis is common because it can be transmitted through sexual contact. 
Concept and Reasoning Checks 3
a.	See Figure 18.13.
b.	African trypanosomiasis involves the tsetse fly while American trypanosomiasis involves the triatomid bug.
c.	Babesiosis produces mild malaria-like symptoms, including a mild anemia (red blood cell infection) with piercing headaches.
d.	Pregnant women need to be aware of the infection potential of Toxoplasma, as congenital infections can occur. In immunocompromised individuals, inflammation and swelling of brain tissue may occur, often leading to seizures and death.
e.	Both are members of the amoebozoans.
Concept and Reasoning Checks 4
a.	Flatworms lack a respiratory and circulatory system and have a complex reproductive system in which many species are hermaphroditic. Roundworms have all body systems and separate sexes.
b.	Schistosomiasis is transmitted in contaminated water. Being a systemic disease, the parasite causes extensive liver damage, intestinal ulceration, diarrhea, abdominal pain, and a bladder infection.
c.	You can draw out the cycle. Taenia: Humans (definitive host) ingest cysts in contaminated pork or beef; cyst development produces tapeworms; the human sheds gravid proglottids in soil; pigs and cattle consume material with proglottids; in muscle, form cysts. Echinococcus: Dogs (definitive host) ingest cysts in contaminated animal food; dogs shed eggs into soil; contact with dog spreads eggs to humans; in human muscle form hydatid cysts. With humans this usually is a dead end.
d.	It is common because it is not a health risk. The pinworms “come out” at night and contaminate bedding, so if good hygiene is not practiced, eggs can reinfect individuals, especially children that often put their “contaminated” hands in their mouths.
e.	Prevalence is primarily due to unsanitary and poor public health practices; that is, a lack of good hygiene.
f.	The nematode infection causing lymphatic filariasis blocks lymphatic vessels, especially in the legs, arms, and scrotum. Over years, as these vessels become unable to drain fluid. For example, in the legs the fluid builds up and causes the swelling observed.

Chapter 19
Concept and Reasoning Checks 1
a.	The human microbiota represents an example of microbial antagonism; the presence of a normal microbiota makes it difficult for a pathogen to establish a foothold and colonize due to competition from the microbiota.
b.	Research shows that babies born vaginally establish a very different microbiota than babies born by C-section. The difference has to do with the “environment” of the mother versus the “environment” of the hospital.
c.	Pathogenicity is the ability of a microbe to cause a disease; virulence indicates to what degree the pathogen is a danger if infection occurs.
d.	Exogenous infections are ones transmitted from the environment; endogenous ones are the result of a microbe among the individual’s own microbiota causing a disease if it gains access to sterile tissue; an opportunistic infection is one that results when the body’s immune system is weakened.
Concept and Reasoning Checks 2
a.	Fever, headache, fatigue = prodromal stage; chills, cough, sore throat, and muscle aches = acute period.
b.	Often the portal of entry is related to the ability of the pathogen to possess adhesins that will attach to cells at the portal of entry. If the microbe cannot adhere to host cells or tissues, an infection may not be attained.
c.	The host cell surface represents a formidable barrier to invasion by a pathogen. If the pathogen can induce the cells to take up the pathogen (phagocytosis) and then the pathogen can evade destruction in the cell’s cytoplasm, phagocytosis becomes a useful “virulence factor” for invasiveness.
d.	Enzymes play several roles toward establishing a disease, such as penetrating host tissues or destroying immune cells. Toxins can disrupt body functions, which leads to disease.
e.	Portal of entry and portal of exit sites may be the same or different. For example, flu viruses enter through the respiratory tract and depart through the respiratory tract. The cholera bacterium enters through the mouth (oral cavity) and departs through the feces (diarrhea).
Concept and Reasoning Checks 3
a.	Reservoirs include humans, animals, and nonliving reservoirs (water, food, soil).
b.	A communicable disease is one that can be transmitted between susceptible hosts (e.g., typhoid fever). A contagious disease is a subset of communicable disease; that is, one that is easily transmitted between susceptible hosts (e.g., chickenpox or measles).
c.	The four direct methods are person-to-person contact, sexual intercourse, exposure to respiratory droplets, and mother to fetus/newborn.
d.	Indirect transmission includes: consumption of contaminated foods or water; contact with fomites; transmission by vectors (mechanical or biological).
e.	“Outbreak” lacks the frightening connotation associated with an epidemic. In fact, an outbreak is a confined epidemic and, if identified promptly, may not require the same level of medical and health agency response as would an epidemic.
f.	Such standard precautions as washing hands and wearing protective clothing (gloves, mask, eye protection) severely limits the chances of contracting a disease and thus being able to transmit the disease to a susceptible individual.
g.	Climate change may result in a redistribution of infectious disease, especially those disease pathogens carried by arthropods. For example, malaria and other “tropical diseases” might start moving further north and south from the tropics as mosquitoes can survive the warming temperatures. On the other hand, extreme warming in the tropics may actually bring about a diminished level of some diseases because temperatures are too hot to support the survival of some arthropods.

Chapter 20
Concept and Reasoning Checks 1
a.	The deficiency could be observed by looking at the shape of the cell nuclei. Neutrophils have a typically multilobed cell nucleus.
b.	The lymphatic system is critical to filtering out pathogens and delivering them to the lymph nodes for destruction.
c.	Cytokines and chemokines are essential to innate immunity. These chemicals signal an infection is present, activate other defensive cells and innate defenses, and attract phagocytes to the site of the infection.
Concept and Reasoning Checks 2
a.	The skin is structural defense against infection that must be breached through a cut or abrasion for pathogens to enter the host tissue. Mucous membranes contain mucus, a sticky substance that traps and eliminates pathogens before they might otherwise be able to penetrate the host tissues.
Concept and Reasoning Checks 3
a.	Different toll-like receptors recognize different pathogen-associated molecular patterns (PAMPs). TLRs are part of innate defenses and turn on specific host responses to eliminate the pathogen.
b.	Lysosomes are the digestive bodies found in phagocytes such as macrophages and dendritic cells. When pathogens, such as bacterial cells, are brought into a cell by phagocytosis, lysosomes fuse with the phagosome. The lysosomal enzymes and respiratory burst products destroy the microbes. Such a response is nonspecific because the same scenario will occur no matter what the foreign substance.
c.	Inflammation triggers a series of events that result in the migration of phagocytes to the infection site to fight the foreign substance (phagocytosis). It is a nonspecific response to tissue damage and trauma.
d.	A low grade fever elevates the body temperature, which slows down microbial growth or viral replication while speeding up phagocytosis.
f.	On detecting a virally infected cell, NK cells secrete cytotoxic mediators (perforins and granzymes) to destroy the infected cell. Thus, they assist with pathogen elimination.
Concept and Reasoning Checks 4
a.	Without the ability to produce C5, the two of the three outcomes of the complement cascade would not be fully activated. There would less of an inflammatory response (C5a influence) and an inability to form membrane attack complexes to lyse pathogens (C5b response). The individual would be susceptible to more diseases than a normal individual.
b.	Interferon is the protein made in virus-infected cells. It acts as a cytokine (signaling molecule) to “warn” adjacent cells to produce antiviral proteins to block viral replication if those cells become infected.

Chapter 21
Concept and Reasoning Checks 1
a.	One of the characteristics is specificity, but the other characteristics also apply to specificity. “Tolerance of self” means the immune system specifically does not attack self; “minimal self damage” refers to the immune specifically do doing extensive damage to self; and “immunological memory” involves lymphocytes that specifically remember a previous infection.
b.	Humoral immunity produces antibodies to eliminate pathogens in the body fluids; cell-mediated immunity produces cells to activate humoral immunity and to attack and destroy infected cells.
c.	Some lymphoid progenitors mature in the bone marrow (B cells) while others migrate to the thymus where they become helper T cells (TH1 and TH2) and cytotoxic T cells.
d.	Effector cells of humoral immunity are the plasma cells that secrete antibody against a specific antigenic determinant or antigen. Memory B cells have the capacity with an ensuing infection to recognize the same epitope and respond by forming plasma cells and more memory cells.
Concept and Reasoning Checks 2
a.	Both have a shape to recognize a particularly shaped portion of a molecule, be it on a substrate (enzyme) or antigen (antibody).
b.	There are number of functions that antibodies have, requiring different classes. For example, IgG and IgM are primary fighters of infection in the body, but only IgG can cross the placenta. IgD is bound to B cell and IgE play s a role in fighting parasite infections. One class of antibody cannot do all needed jobs.
c.	The primary antibody response not only responds to the pathogen and hopefully eliminates it, but it also primes the immune system to more rapidly respond to the same antigen in an ensuing exposure. Therefore, in a secondary response the individuals probably never know they had been exposed to a pathogen because of the rapid secondary response.
d.	The constant regions of an antibody are not involved with antigen recognition, which requires great genetic diversity. The constant regions are involved with common functions such as antibody attachment to other cells, which requires genetic constancy.
e.	Phagocytes in innate responses help eliminate pathogens that have entered the body. The macrophages and dendritic cells then can act as antigen presenting cells to trigger the adaptive immune response.
Concept and Reasoning Checks 3
a.	T cells can be separated by their co-receptors. Helper T cells have a CD4 coreceptor while cytotoxic T cells have a CD8 coreceptor.
b.	The TH1 cells activate macrophages, neutrophils, and boost CTL division. The TH2 cells help activate humoral immunity.
c.	When cytotoxic T cells identify an infected cell, binding of receptors to MHC-I proteins with attached peptides causes the cytotoxic T cell to release perforins that drills holes into the infected cell and allow the entry of granzymes, which trigger apoptosis.
d.	Some antigens, like superantigens, can bind directly to MHCII receptors and to T-cell receptors, triggering an immune response. There is no need for antigen processing.

Chapter 22
Concept and Reasoning Checks 1
a.	Naturally-acquired active immunity refers to gaining immunity through contracting and recovering from a disease; artificially-acquired active immunity refers to gaining immunity through a vaccination.
b.	Attenuated: life-long immunity but extremely slight risk of contracting the disease; inactivated and toxoid: may need booster shots but can’t get the disease from the vaccine.
c.	A subunit vaccine is made from a small part of the microbe, while a conjugate vaccine combines parts of immunogenic substances to stimulate acquired immunity.
d.	Booster shots “boost” the presence of memory cells and other immune cells needed to maintain full protection against an infectious disease.
e.	Naturally-acquired passive immunity refers to gaining temporary immunity by a fetus receiving antibodies from the mother or a newborn receiving antibodies in colostrum; artificially-acquired passive immunity refers to gaining temporary immunity by receiving antibodies from another individual or animal.
f.	People living in crowded cities need to be vaccinated and maintain their vaccination schedules. They also need to make sure they are not fighting another disease when vaccinated, as the vaccination may not take hold.
g.	Vaccinations provide immunity, often life-long, for many serious or easily transmitted diseases. Most vaccinations are very effective in providing immunity to the individual and toward maintaining herd immunity with the community or population.
Concept and Reasoning Checks 2
a.	Titration is a dilution series that can be used to determine an individual’s antibody titer. A rise in titer may indicate an individual has a specific disease.
b.	The Schick test involves injecting diphtheria toxin intradermally. If neutralizing antibodies are present, no skin reaction (local edema) will occur.
c.	The precipitin lines indicate the regions where antibody and antigen interacted to form Ag/Ab lattices that appear as visible complexes.
d.	Neutralization is used to identify toxins and antitoxins as well as viruses and viral antibodies; precipitation and agglutination can be used to identify specific antigens or serum antibodies.
e.	The complement fixation test is used to detect the presence of serum antibodies in a patient’s blood and, therefore, if the person is suffering from a specific disease.
f.	Antigen-antibody complexes formed in RIA and ELISA cannot be visually seen with the naked eye. Using labeled antigen or antibody produces a colored solution that can be visually identified.



Concept and Reasoning Checks 3
a.	Monoclonal antibodies are produced by fusing together an activated B cell that secretes the antibody of need with a myeloma cell that provides the ability of the fused hybridoma cells to divide indefinitely, producing the single antibody of need—the monoclonal antibody.

Chapter 23
Concept and Reasoning Checks 1
a.	During the first exposure, the allergen triggers IgE production and the IgE binds to mast cells (sensitization). On a second or ensuing exposure, the allergen binds to the IgE on the mast cells. Cross linking of the IgE triggers the release of cell mediators (degranulation), which cause the allergic symptoms.
b.	Atopic disorders include: common allergies, which include hay fever, house dust, and animal dander; food allergies, which include allergenic foods like eggs and peanuts; and physical and exercise-induced allergies, which include exposure to sunlight and sweating.
c.	Systemic anaphylaxis is life threatening because of the drop in blood pressure and constriction of smooth muscles can lead to shock.
d.	Asthma can lead to a narrowing of the airways and a buildup of thick mucus. Severe narrowing can be life threatening by cutting off the air supply.
e.	Factors include the inability to secrete sufficient IgA antibodies to block antigenic stimulation by IgE and a breakdown in immune system regulation by suppressor T cells.
f.	Allergy treatments include desensitization therapy to reduce allergic attacks, while medications to lessen the symptoms include antihistamines and corticosteroids.
Concept and Reasoning Checks 2
a.	Type II hypersensitivities are due to IgG recognition of antigens on target cell surfaces. Complement may be activated. Examples include the ABO blood types, where inappropriate transfusion can cause a cytotoxic hypersensitivity and hemolytic disease of the newborn, where again IgG antibodies attack the red blood cells of the fetus.
b.	Type III hypersensitivities are the result of antibodies binding to antigens and the Ag-Ab complex accumulates in blood vessels or on tissue surfaces. Complement and neutrophil enzymes at the Ag-Ab site cause tissue damage. Serum sickness and the Arthus reaction are two examples.
c.	Type IV hypersensitivities are the result of cellular immunity rather than humoral immunity. Contact between T cells and antigen is required. Infection allergies and contact dermatitis are two examples.
Concept and Reasoning Checks 3
a.	All autoimmune disorders involve a loss of immune tolerance through immune attack on specific body cells or tissues.
b.	Tissue typing is needed to prevent tissue or organ rejection through recognition of foreign MHC proteins (human leukocyte antigens; HLA).
c.	Immunosuppression, as the term suggests, suppresses the immune system such that it cannot mount an adaptive immune response. That provides the “opportunity” for some potential pathogens to cause infections, where they would not in a healthy individual.
Concept and Reasoning Checks 4
a.	The symptoms of primary immunodeficiency disorders vary by type of disorder; for example, congenital disorders represent primary immunodeficiencies. A humoral deficiency (lack of B cells) exists with X-linked agammaglobulinemia; a cellular immunodeficiency (lack of T cells) exists with DiGeorge syndrome.
b.	Primary HIV infection: Asymptomatic or flu-like symptoms; asymptomatic stage: free of major diseases with periods of swollen lymph nodes, URT infections, and weight loss; AIDS: serious and life-threatening opportunistic infections.

Chapter 24
Concept and Reasoning Checks 1
a.	Ehrlich and his group developed an arsenic-phenol compound called Salvarsan that was used against the syphilis spirochete Treponema pallidum. Prontosil was a dye that in the human body became active against staphylococci, streptococci, and other gram-positive bacterial species.
b.	Penicillin was discovered by Fleming when he noticed that a Penicillium mold inhibited the growth of staphylococci on a culture plate. The antimicrobial substance was later isolated and purified by Florey and Chain. 
c.	The chemotherapeutic index determines the dose that would be toxic in the host as a function of the concentration that will kill a pathogen. The antimicrobial drug spectrum refers to those drugs that are effective on many gram-positive and gram-negative species (broad spectrum) and those that work on only a few gram-positive or gram-negative species (narrow spectrum).
d.	At high concentrations, the cells can inhibit their competitors. At low concentrations they may act as chemical signaling molecules.
Concept and Reasoning Checks 2
a.	Sulfanilamide interferes with a bacterial cell’s ability to synthesize folic acid, which is essential for nucleic acid synthesis.
b.	(i) Isoniazid interferes with cell wall synthesis in Mycobacterium; (ii) the fluoroquinolones block DNA synthesis.
Concept and Reasoning Checks 3
a.	Penicillin blocks the cross linking of carbohydrates in the peptidoglycan cell wall. Beta-lactamase breaks open the beta-lactam ring in the penicillin structure, inactivating its action on the cell wall.
b.	Cephalosporins can be used for individuals allergic to penicillin or where penicillin resistance has occurred. They also have a broader drug spectrum and are resistance to beta-lactamase.
c.	The carbapenems are effective against many gram-positive, aerobic bacterial species as well as many gram-negative rods and anaerobes.
Concept and Reasoning Checks 4
a.	Vancomycin can cause damage to the ears and kidneys.
b.	The polypeptide antibiotics are toxic if taken internally.
c.	All are produced by different species of Streptomyces.
d.	Rifampin must bind to RNA polymerase to inhibit transcription.
Concept and Reasoning Checks 5
a.	All viruses must replicate their genome as part of the replicative cycle. Therefore, antiviral agents can block DNA or RNA replication, so no new virus particles can be formed.
b.	The fungal cell membrane and the cell wall contain unique molecules that could be vulnerable to antifungal agents without causing severe damage to the host.
c.	See Table 4.
d.	Fungi and parasites more closely mimic their host’s metabolism, so a drug targeted toward fungi or parasites has a higher likelihood of causing significant damage to the host.
Concept and Reasoning Checks 6
a.	Knowing the MIC allows one to prescribe a drug that can be used safely at a concentration that will not cause side effects to the host and will kill the pathogen.
b.	See Figure 18.
c.	Misuses include patients asking for antibiotics for infections, taking left-over antibiotics for ailments to which the antibiotics are ineffective, or failing to complete the prescription. Abuses include: the over prescription of antibiotics; using unnecessarily high doses of antibiotics; obtaining antibiotics without a prescription or over-the-counter; and the use of antibiotics in livestock feeds.
d.	Many bacterial species are becoming resistant to more and more antibiotics, so new drugs need to be discovered to which the bacterial cells will be sensitive and novel drugs to which the bacterial cells will remain sensitive longer. In addition, through microbial genomics and comparative genomics, new antibiotic targets can be identified.

Chapter 25
Concept and Reasoning Checks 1
a.	Sources of food spoilage include airborne, soilborne, waterborne, and vector-borne microorganisms.
b.	The conditions needed for growth and spoilage include sufficient water, inappropriate pH, and warm temperatures.
c.	Spoilage products include ethyl alcohol, hydrogen sulfide, indole and skatole, acids, slime production, and pigments.
d.	Meats and fish can become contaminated during handling, processing on contaminated equipment, or transmission of microorganisms between animals during slaughter.
e.	The egg yolk is susceptible to spoilage because the yolk is a potential nutrient source for bacterial cells. Poultry again is a great nutrient source for microorganisms.
f.	Spoilage organisms, including bacterial and mold spores, as well as Salmonella, Lactobacillus, and Streptococcus.
g.	Spoilage can be due to fungal aflatoxins and ergot poisoning.
h.	Milk can become spoiled can be due to inappropriate refrigeration temperature, leading to lactic and acetic acids being produced. Sweet curdling can occur when specific bacterial species contaminate milk. Contamination with gram-negative rods can lead to acid production while capsule-producing microbes can make the milk ropy.
Concept and Reasoning Checks 2
a.	Holding method: 63°C for 30 minutes; flash pasteurization method: 71.6°C for 15 seconds; ultra high temperature (UHT) method: 140°C for 3 seconds.
b.	Refrigerator temperature is below or near to the minimal temperature range at which microorganisms can carry out metabolism. Growth is inhibited or greatly slowed down.
c.	Lyophilization preserves food by removing all the water, while osmotic pressure removes water from foods and potential pathogens through osmosis.
d.	Many chemical preservatives represent organic acids, which produce a pH at which most pathogens will not grow or will damage the pathogens.
e.	Food irradiation uses gamma rays.
f.	Food infections are the result of live pathogens being present in the food product. Food intoxications are the result of a microbial toxin being present in the food product; a live pathogen may not be present.
g.	CCPs are points in the food processing process where contamination with pathogens could occur.
Concept and Reasoning Checks 3
a.	Common end products include lactic and acetic acids, and ethyl alcohol.
b.	Among the bacterial genera are Lactobacillus, Propionibacterium, and Brevibacterium; fungi include Penicillium and yeasts.

Chapter 26
Concept and Reasoning Checks 1
a.	Pathogens can often be found in polluted water because: (i) they arrived there from unsanitary sewage systems; (ii) they thrive there because they can break down the nutrients in sewage.
b.	Physical pollution involves particulate matter in the water while chemical pollution includes inorganic and organic waste, and other chemical pollutants in the water. Biological pollution involves microorganisms in the water that came from human waste, food processing facilities, or medical facilities.
c.	Marine microorganisms can cause a few human infections, including intestinal illnesses, wound infections, and intoxications.
Concept and Reasoning Checks 2
a.	Water purification involves sedimentation to remove organic contaminants and microbes as flocs, filtration to remove any remaining contaminants and microbes, and chlorination to ensure the water stays microorganism free.
b.	Sewage treatment involves: primary treatment to remove grit and large insoluble materials, followed by slug formation to remove organic waste; secondary treatment degrades the biological material of the sewage; and, if needed, tertiary treatment that purifies the water from the settling tanks.
c.	Biofilms are part of the water purification process and are important to bioremediation. However, they also can form films on medical instruments that may contain pathogens and in the industrial setting, pipe corrosion and contaminated computer chips can have a biofilm cause.
d.	The three lab tests for water quality are: (i) the membrane filter technique, which counts the bacterial colonies growing on a membrane filter through which water was filtered; (ii) standard plate count, which counts the colonies on a plate containing a diluted water sample; and (iii) most probable number, which provides a statistical evaluation as to the probability that water is contaminated.
Concept and Reasoning Checks 3
a.	In the carbon cycle, microorganisms are important to decay and the recycling of carbon as CO2 through their action as decomposers. 
b.	In the sulfur cycle, bacterial species can decompose animal and plant proteins and break down sulfur-containing amino acids to hydrogen sulfide. Sulfate, which can be used by plants, also may be formed from the hydrogen sulfide.
c.	Microorganisms have several essential roles in the transformation of nitrogen gas (N2); see Figure 13.


Chapter 27
Concept and Reasoning Checks 1
a.	Secondary metabolites are not directly involved in the growth and reproduction of microorganisms. Secondary metabolites include many industrial products as well as amino acids and vitamins.
b.	Microbial enzymes of industrial importance include amylase, pectinase, proteases, invertase, streptokinase, and hyaluronidase.
Concept and Reasoning Checks 2
a.	Lager is the product of Saccharomyces carlsbergensis, which ferments malt slowly to produce a lighter beer. Ale is the result of fermentation with S. cerevisiae, which gives a darker, more full-bodied beer.
b.	Alcohol in wine would be a primary metabolite because it is a product involved in the normal growth and reproduction of yeast cells. Under fermentation conditions, yeasts must convert pyruvate to ethanol in order to recycle NADH to NAD+, which is needed in glycolysis to make ATP.
c.	The alcohol from fermentation is concentrated by distillation.
Concept and Reasoning Checks 3
a.	Semisynthetic antibiotics that pathogens were susceptible to were necessary as pathogens became resistant to the natural penicillins.
b.	Bacterial toxins are being isolated from several bacterial species, such as Bacillus thuringiensis, and use directly to kill insect larvae, or into plants, which if eaten by an insect larva, will be killed.
c.	Mushroom farming involves: (i) inoculating moist soil with a spawn (mushroom mycelium); (ii) adding casing soil after several weeks to stimulate mushroom formation (a flush).
d.	The uses for bacterial species in bioremediation continue to grow. Among the bacterial organisms used is Pseudomonas for oil spill clean up, several species for degrading PCBs and TCE, and Deinococcus radiodurans to clean up radioactive toxic waste sites.
e.	Industrial microbiology provides the techniques and applications by which biological systems, including microbes, can be used to make or modify products for specific industrial, medical, and environmental uses (biotechnology).
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