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Chapter 1 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. C; 2. A; 3. C; 4. D; 5. C; 6. A; 7. B; 8. C; 9. A; 10. B; 11. D; 12. B; 13. D; 14. A; 15. A; 16. B.
True-False
17. F(Needham); 18. F(bacterial); 19F(in a solid agar culture); 20. F(Snow); 21. T; 22. T;                23. F(Pasteur); 24. T; 25. F(Virology).

STEP B: CONCEPT REVIEW
26-31. See Chapter 1 text.
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33-34. See Chapter 1 text.

STEP C: APPLICATIONS AND PROBLEMS
35.	One method would be to mix the substance in an agar growth medium. Then, streak the bacterial cells on the agar surface. Over the next few days, see if the bacterial cells grow on the agar. No bacterial colonies would indicate the substance killed the cells while growth that is slower than in a control plate (the substance not added to agar) would indicate it retards bacterial growth.
36.	Eukaryotes would have a cell nucleus that could be seen with a light microscope. If it was a prokaryote, rRNA base sequencing would place the organism in either the domain Bacteria or Archaea.
37.	The control group does not receive the treatment to which the experimental group is exposed. Comparisons then can be made between the two groups as to whether the treatment had any affect. You can discover the controls for the Redi-Needham-Spallanzani experiments on spontaneous generation. Controls for Pasteur’s experiments to refute the doctrine are identified in the MicroInquiry 1 exercise. 
38.	Because the bacterial organism will not grow in another susceptible animal, you would conclude that the organism has a special requirement for growth that is found only in humans. Therefore, you could not use Koch’s postulates and you would have to see if the bacterial organisms is found in everyone who has the disease but is absent from those who do not have the disease.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
39.	Some candidates for the key event in the development of microbiology might be Pasteur's fermentation work, Koch's cultivation methods, the spontaneous generation controversy, Koch's proof of the germ theory of disease and his postulates. For the greatest influence in medicine, Pasteur’s studies on a rabies vaccine and Jenner’s smallpox vaccine would be among the tops.
40.	Chance certainly favored the prepared mind of (a) Semmelweis in his recognition of the need for hand washing; (b) Snow in recognizing the source for the London cholera outbreak; and (c) Fleming in realizing that a mold might hold the cure for treating bacterial diseases.
41.	Bacterial species like Escherichia coli have many advantages over rats or guinea pigs as model systems. Bacterial cells are much easier to grow and much less costly to “feed.” Substantially less space is needed to culture or maintain the organisms. The bacterial cells reproduce more rapidly, so several generations can be studied in much less time than a single generation of animals is used.
42.	Microbiology could be explained in many ways. Perhaps the most direct is microbiology involves the study of microorganisms and viruses. The microorganisms include two groups of prokaryotes, the Bacteria and Archaea. Eukaryotic microorganisms include the fungi and protista. You could continue on add particular areas of microbiology study, emphasizing that most microorganisms do not cause disease but rather have beneficial roles. 
43.	Microbes rule in two basic ways. They can cause many human infections and diseases, some of which are life threatening. Microbes also are responsible for many of the biochemical processes that occur daily on and in planet Earth. Without the presence of these invisible organisms, we would not be able to survive on the planet.
44.	Leeuwenhoek was the first person to see bacterial cells and the other groups of microbes. Hooke observed all types of life, but only a mold from the microbial world. Pasteur and Koch laid the foundations for modern day bacteriology and microbiology. 
45.	Since spontaneous generation does not exist and all of Pouchet’s experiments were valid, then there must be something in his hay infusions that could not be killed by heating. Whatever this was, it was not present in Pasteur’s yeast infusions. What was present in the hay infusions was a bacterial entity that is resistant to heat – a bacterial spore. These spores, identified by John Tyndall in the 1870s, would germinate after heating, giving rise to Pouchet’s flasks that were full of live bacterial organisms.

Chapter 2 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. A; 2. A; 3. C; 4. B; 5. A; 6. A; 7. C; 8. C; 9. C; 10. D; 11. A; 12. D; 13. B; 14. A; 15. A. 

STEP B: CONCEPT REVIEW
16. See Chapter 2 text.
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18-20. See Chapter 2 text.

STEP C: APPLICATIONS AND PROBLEMS
21.	The lower the pH, the more acidic a substance will be. Therefore, an extreme acid loving bacterial species could be grown on a medium with a pH of 2.
22.	First, determine the pH of the two buffers using the pH papers. Then, add a drop of an acid to the buffered broth. The pH will not drop. Then, add a drop to the buffered broth. The pH will drop.
23.	Termites eat wood, which is cellulose. They need the microbial community in their gut to digest the cellulose to glucose, which is then used for energy and growth.
24. 	(i)	E (Disaccharide)
(ii)	D (Lipid)
(iii) G (Sterol)
(iv) B (Monosaccharide)
(v)  A (Amino acid)
25.	(i)	Several hydroxyl groups (—OH)
(ii)	No functional groups
(iii) 1 hydroxyl group
(iv) Several hydroxyl groups
	(v)   Amino (—NH2), carboxyl (—COOH), and a hydroxyl group

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
26.	Organic molecules invariably contain carbon atoms, and carbon atoms form four covalent bonds with other atoms. Soon the increase in number and the arrangement of atoms becomes quite large, especially if multiple carbon atoms are present.
27.	Soap is a combination of fat and sodium or potassium hydroxide (lye). The latter two compounds are basic, so soap has a pH close to 8. Bacterial cells cannot live well under these conditions.
28.	Different arguments can be presented for destroying different groups of chemical substances. For example, destroying proteins would eliminate enzyme and chemical structures; carbohydrate destruction would remove vital energy sources for life and the ability to form a cell wall; and lipid destruction would cause leakage through the cell membrane and consequent death. Eliminating the nucleic acids would disrupt the chromosome and genes, thereby preventing protein synthesis.

29.	The addition of Lactobacillus to milk permits the organism to metabolize some lactose in the milk and produce lactic acid. Being a weak acid, hydrogen ions are released that acidify the milk (pH around 6). (a) This acidic pH prevents the growth of most pathogens should they contaminate the milk. (b) Lactobacillus was chosen because it is not a pathogen and does not cause human disease after drinking the milk.
30.	Proteins are denatured by heat, thereby losing their tertiary structure and assuming a nonfunctional form that would be nontoxic. 
31.	In all organisms, including microorganisms, chemical reactions require the interaction of “unstable” molecules. This means there are atoms with unfilled electron shells. Filling these shells produces new combinations of atoms, which is what metabolism is all about.

Chapter 3 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. B; 2. D; 3. C; 4. D; 5. B; 6. C; 7. D; 8. B; 9. D; 10. C.
Matching
11. A; 12. N; 13. P; 14. O; 15. K; 16. E; 17. I; 18. F; 19. Q; 20. G.  
Label Identification
21. Drawing (A): (a) flagellum (motility); (b) ribosomes (protein synthesis); (c) Mitochondrion (ATP generation); (d) Nucleus (chromosomes; DNA; essential genetic information); (e) Cilia (motility); (f) Smooth endoplasmic reticulum (lipid synthesis); (g). Rough endoplasmic reticulum (proteins synthesis and transport); (h) Cytoskeleton (cell structure and transport); (i) Plasma membrane (control of transport into and out of the cell); (j) Cytoplasm (in which most metabolic reactions occur); (k) Golgi apparatus (process, sort, package proteins).
	Drawing (B): (l) Ribosome; (m) Cell membrane; (n) Cell wall (prevents water pressure bursting cell); (o) Nucleoid (DNA; bacterial chromosome); (p) Cytoplasm.

STEP B: CONCEPT REVIEW
22. See Chapter 3 text.
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24-26. See Chapter 3 text.
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28. See Chapter 3 text.

STEP C: APPLICATIONS AND PROBLEMS
29.	Methylene blue can be used in place of safranin. The result will be purple gram-positive cells and blue (rather than red) gram-negative cells.
30.	Blue light because it has the shortest wavelength. When plugged into the resolving power equation, 500 nm gives the smallest resolvable object.
31.	One cell measures about 10 mm = 10,000 µm (10,000 µm/5,000x = 2 µm)

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
32.	The correct form is “The famous bacterium E. coli.” or “The famous bacterium E. coli.”
33.	They are the “most small;” the most nutritionally hardy; the most ancient; the most able to cause disease; the most diverse, the most widespread, the most. . .
34.	Because of their small size, bacterial cells have a large surface-to-volume ratio, making the transport (diffusion) of materials a relatively quick process. Eukaryotic cells are much large and have a smaller surface-to-volume ratio. This would mean diffusion and transport would be much slower – and probably lethal – to the cell. By compartmentalizing functions (organelles), cell metabolism becomes more efficient.
35.	No doubt an order for Bergey’s Manual of Systematic Bacteriology will shortly be placed, since the identification of bacterial pathogens in clinical specimens depends on information from this book.
36.	This is a common mistake. Actually, the species is a conceptual entity whose name is Homo sapiens. Several species (e.g., Homo erectus, Homo habilis, etc.) are organized into the genus Homo. The binomial name thus consists of the genus name and the species epithet (not the species). If you still cannot understand this concept, ask what a sapiens is; then ask what a Homo sapiens is.
37.	Oil does not increase the magnification of the light microscope. It merely allows the gathering of enough light by the oil-immersion lens to resolve the specimen. 
38.	The stem methano = “methane-producing,” halo = “salt”, and philus = “salt-loving.”

Chapter 4 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. B; 2. A; 3. B; 4. D; 5. C; 6. D; 7. D; 8. B; 9. A; 10. A; 11. D; 12. D; 13. C; 14. D; 15. C.
Label Identification
16. (a.) Inclusions; (b.) Flagellum; (c.) Plasmid; (d.) Ribosome; (e.) Pili; (f.) DNA (chromosome or nucleoid); (g.) Glycocalyx (Capsule or slime layer); (h.) Ribosome; (i.) Cell wall; (j.) Cell membrane; (k.) Plasmids; (l.) Glycocalyx; (m.) Cytosol.

STEP B: CONCEPT REVIEW
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18-20. See Chapter 4 text.
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22-24. See Chapter 4 text.

STEP C: APPLICATIONS AND PROBLEMS
25.	Being a gram-positive rod, it has a thick peptidoglycan cell wall. It may have flagella and a capsule (provide protection). It might produce toxins as well, similar to what Bacillus anthracis does.
26.	Being a gram-negative bacterial species, it will have an outer membrane containing lipopolysaccharide (LPS). Providing an antibiotic may kill the pathogen but in the process free LPS material into the body, which can act as a toxin.
27.	The daughter cells might exhibit a crescent shape, as this protein in Caulobacter causes cells to take on a crescent shape.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
28.	Ideally, if the story is about the genus Bacillus, it will be capitalized and it will be italicized or underlined. If it is referring to a shape, “bacillus” will be lower case. However, newspaper articles and mass-market magazines often omit the italics or underlining. The genus would still capitalize (Bacillus).
29.	In the pre-electron microscope days, the chapter on bacterial cell structure would probably be very brief. Certainly there would be no discussion of pili, plasmids, magnetosomes, ribosomes, or the fluid mosaic model. They were often described as “bags of metabolic enzymes.”
30.	It has always been “assumed” that bacterial and archaeal cells lack these structures. It has only been through the development of new and very precise microscopic techniques and molecular/genetic studies that such structures and proteins have been identified and their roles elucidated. Often progress comes with instrument advances.
31.	The statement illustrates that although cellular structures may appear different, their metabolic patterns and cellular processes are very similar illustrating life’s unity.

Chapter 5 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. C; 2. D; 3. C; 4. D; 5. D; 6. A; 7. B; 8. B; 9. C.
True-False
10. F(gram-positive); 11. T; 12. T; 13. F(minority); 14. F(enriched medium); 15. F(less than 5); 16. T; 17. T; 18. F(log phase); 19. F—note: these cells have a cell wall, so they should not burst; 20. T.

STEP B: CONCEPT REVIEW
21-26: see Chapter 5 text
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STEP C: APPLICATIONS AND PROBLEMS
28.	a. 3; b. 3; c. 1.
29.	Stuffing is made with various ingredients that have probably came in contact with bacterial cells, including bread cubes and spices, and it is often mixed by hand. The bacterial content is therefore high. It takes a long time for a turkey’s internal organs to cool to refrigerator temperature, and bacterial cells have the opportunity to grow profusely before the cold affects them. Therefore, it’s best to make the stuffing, refrigerate it to cool quickly, and stuff the turkey in the morning.
30.	Boiling may kill the majority of bacterial cells, but bacterial spores survive 2 hours or more of boiling. It is wrong to believe the water is sterile after a few minutes of boiling. It has been disinfected, however, and is perfectly safe to drink under normal circumstances.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
31.	Nitrogen is a relatively inert gas that will not support the energy-producing or synthesis metabolism of bacterial cells. Without bacterial growth, decay will not take place.
32.	Laundry detergents can use enzymes from extremophiles to break down blood, plant, and other organic molecule stains in hot water and at the high pH of soapy wash water. In addition, since the extremophiles thrive under conditions where pollutants are found, their enzymes might be used to break down these pollutants. The polymerase chain reaction (Chapter 21) uses these enzymes as well.
33.	Among the Titanic-digesting bacterial species, one might expect to find halophiles in the saltwater, psychrophiles in the cold water, metal-digesters, anaerobes in the mud and debris where is little oxygen, autotrophs where there is no organic matter to digest, and numerous other types.
34.	Bacterial cells may exist in hot tubs, specifically in the slime (biofilm) found on wet surfaces and in pipes, that are not cleaned and disinfected properly. Although rare, Pseudomonas aeruginosa can cause a skin rash called “hot tub rash.” Mycobacterium avium and Legionella pneumophila can cause “hot tub lung” through breathing in vapors that contain the bacterial cells. Recommended hot tub temperatures are around 40°C (104°F), which is not much above the optimal temperature, and certainly within the temperature range, for the growth of mesophilic bacterial cells. 


Chapter 6 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. C; 2. A; 3. D; 4. C; 5. B; 6. C; 7. D; 8. B; 9. C; 10. A; 11. B; 12. C; 13. C; 14. A.
Identification
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Term Selection
16. metabolism/synthesis/catabolism; 17. protein/speed up/substrate; 18. glycolysis/energy/ATP;            19. fermentation/oxygen/glucose/an organic end product; 20. electrons/cytochromes/energy/ATP;         21. pyruvate/carbon/carbon dioxide/NAD+. 22. amino/amino/deamination;                                        23. carbon dioxide/ photosynthesis/glucose. 24. inorganic compounds/carbohydrates/some Bacteria and Archaea; 25. fatty acids/beta oxidation/two-carbon units/cellular respiration.

STEP B: CONCEPT REVIEW
26-37. See Chapter 6 text.

STEP C: APPLICATIONS AND PROBLEMS
38.	E. coli can only carry out cellular respiration, and one of the products would be CO2 gas. On the other hand, the cyanobacteria not only carry out cellular respiration, they also do photosynthesis, which will use up CO2 gas produced from cellular respiration.
39.	The individual probably assumes that the green sulfur bacterial species will use the hydrogen sulfide as a hydrogen source in photosynthesis, thus liberating elemental sulfur. Whether it will work is a point for conjecture, and you might like to discuss the pros and cons of such a scheme.
40.	Apparently this company is interested in producing citric acid because citric acid will accumulate in the absence of the enzyme citrase. Chapter 27 explores this industrial process in more detail and includes some uses for citric acid, including beverages and clot prevention.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
41.	This incident actually happened to Ed Alcamo. He began writing at 9:00 a.m. and did not finish until 5:00 p.m. His answer summarized this chapter by showing how carbohydrates, fats, and proteins are digested (catabolism) and synthesized (anabolism), and how the processes relate to one another. It is an excellent exercise in metabolism.
42.	ATP could not be absorbed into the cytoplasm of a bacterial cell. More importantly, ATP cannot be stored as ATP; it will be quickly broken down.
43.	This question requires you to think about the origins of life on Earth. As the text indicates, photosynthetic organisms use the sun's energy to produce carbohydrates. In the process, water breaks down to release oxygen to the atmosphere. Organisms could now evolve to combine the oxygen with carbohydrate to release the energy for their own use.
44.	Stopping glycolysis would mean that the pyruvate fuel for the citric acid cycle would cease being made from carbohydrate. However, pyruvate could be produced from amino acids by deamination of certain amino acids, and fatty acids might convert to acetyl-CoA for entry to the cycle.
45.	In the bacterial world, there are no mitochondria, so the process of ATP generation occurs in the cell’s cytoplasm (glycolysis and citric acid cycle) and on the cell membrane (oxidative phosphorylation). In the eukaryotic world, glycolysis is in the cell’s cytoplasm, while the citric acid cycle is in the matrix of the mitochondrion and oxidative phosphorylation is on the inner mitochondrial membrane.

Chapter 7 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. D; 2. A; 3. D; 4. B; 5. A; 6. B; 7. B; 8. C; 9. B; 10. A; 11. A; 12. B; 13. B; 14. D; 15. C; 16. C;    17. D; 18. A.
Fill-in: Physical Methods
19. AUTOCLAVE; 20. MEMBRANE; 21. POWDER; 22. DENATURATION; 23. DRYING;        24. HOLDING; 25. ULTRAVIOLET; 26. TUBERCULOSIS.
Matching: Chemical Agents
27. B; 28. D; 29. C; 30. A; 31. H; 32. G; 33. J; 34. I; 35. I; 36. D; 37. G.

STEP B: CONCEPT REVIEW
38-51. See Chapter 7 text.

STEP C: APPLICATIONS AND PROBLEMS
52.	Bringing water to a boil and then cooling it will effectively destroy most microorganisms, but up to 30 minutes may be required if large concentrations of hepatitis viruses, protozoa cysts, or other heat-resistant forms are present. Over 2 hours may be necessary for the destruction of anthrax spores, but the possibility of their presence is extremely remote. In the great majority of cases, the recommendation that water be boiled is merely a precaution by health officials, and the implication is that bringing water to a rolling boil is sufficient. Indeed, milk pasteurization is conducted at 71.6C for 15 seconds, and this is deemed suitable for the destruction of pathogens in the milk.
53.	Some possibilities for sterilizing agents in an average household might be a pressure cooker, boiling water, wads of sterilized cotton used for wounds, an ultrasonic device for cleaning dental plates, a microwave oven, filtering material from an aquarium or swimming pool, or a steam sterilizer used for an infant’s formula.
54.	In selecting a laboratory disinfectant or sanitizing agent, it would be advisable to ask whether the agent was bactericidal or bacteriostatic under the desired conditions. Inquiry should also be made about its toxicity, solubility in water, shelf life, use in diluted form, penetrating ability, corrosiveness, temperature and pH of use, and cost. Many other avenues of inquiry are noted in the chapter.
55.	Some suggestions: a spoonful of bleach in a pail of water and several rinses with the diluted bleach; if the water reservoir is detachable, a scrubbing with a chlorine cleanser; a wipe-down with a disinfectant.
56.	This is an interesting dilemma. Washing followed by disinfection would be most appropriate, because the washing would mechanically remove microorganisms and the disinfectant would continue and complete the process on the residue.
57.	It would be good to revisit what disinfection means and the types of physical and chemical agents used to carry out room disinfection. Examples of infectious disease spread can bring home what happens if disinfection is incomplete or ineffective.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
58.	Manufacturers must say that irradiated food has been “cold pasteurized” because people are not inclined to purchase irradiated food. Public relations campaigns need to make this deception end. A euphemism like this is used in labeling yogurt, which contains “active cultures” rather than “live bacterial cells.”
59.	A suspicious person might inquire what will happen within 30 days. Will spontaneous generation take place? Is it possible that the contents were sterilized at the manufacturing plant, but that the porous container is now permitting airborne microorganisms to enter? If so, then the product was once sterilized but is now contaminated, and evidence of contamination will appear by the expiration date.
60.	Milk’s taste apparently changes as the temperature becomes too high. In addition, the protein will coagulate. The butterfat is another problem, because it will not pass through a filter. Recall that milk is a suspension rather than a true solution. A fruitful discussion could take place on the economic implications of a useful sterilization method for milk.
61.	Pasteurization merely implies the destruction of pathogenic microorganisms from milk or other liquid. The process does not affect bacterial endospores and it may be tolerated by protozoal or worm cysts. Therefore, a pasteurized product cannot be considered sterilized. By contrast, a sterilized product contains no life form of any type (including viruses) and is considered both pasteurized and sterilized.
62.	The application of ethyl alcohol does not sterilize the skin. It mechanically removes skin oils, debris, and microorganisms; it dries the skin quickly; it smells “medical”; it is far better than doing nothing or washing with soap and water. But it does not sterilize the skin.
63.	One effective way of treating the thermometer would be to wash it well in hot soapy water, rinse it thoroughly, and immerse it in a tray of ethyl alcohol or rubbing alcohol for a minimum of 10 minutes. Admittedly, this would require an interval of time before taking the next child’s temperature, but the wait might be worth it, especially if the second child was not already sick.
64.	The pennies release copper, which retards the growth of cyanobacteria and unicellular algae that are responsible for the greening of the water.

Chapter 8 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. C; 2. D; 3. B; 4. C; 5. D; 6. A; 7. C; 8. B; 9. C; 10. A; 11. C; 12. D; 13. B; 14. B; 15. D; 16. D;    17. A.


STEP B: CONCEPT REVIEW
18-22. See Chapter 8 text.
23. 
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24-27. See Chapter 8 text.

STEP C: APPLICATIONS AND PROBLEMS
28.	(a) Template strand: TACCGCTATCAATTTGGGCCTCCCACT
	(b) 9; (c) 8; met-ala-ile-val-lys-pro-gly-gly; (d) The stop codon, UGA, does not code for an amino acid.
29.	(a) DNA because it contains Ts; (b) met-cys-tyr-gln-asn-phe-asn-ala = silent because the fourth codon still codes for gln; (c) met-cys-tyr-gln = nonsense because the insertion generated a stop codon (UAA).
30.	A mutation occurred in the promoter region of the lac operon may make it impossible for the RNA polymerase to attach. If so, then the structural genes of the operon would not be transcribed when lactose was added to the growth medium and no colonies would be seen on a plate where lactose is the sole carbon source. A mutation in the operator could prevent the repressor protein from binding. If so, then the enzymes derived from the structural genes would still be detected in the absence of any added lactose. 
31.	The lack of colonies near the center of the plate is probably due to the very high concentration of mutagen. Here the mutagen is so strong it caused so many mutations that they were lethal to any cells that were present. Farther out, where the mutagen is more diluted (less concentrated), fewer mutations would occur and some bacterial cells would survive.
32.	You would want to use a synthetic medium that lacks a carbon and energy source and to which you add benzene as the carbon and energy source. From you master plate transfer the colonies using a sterile replication device to the synthetic medium. Only colonies able to use benzene as a carbon and energy source (chemoheterotrophs) will grow (positive selection).
33.	You could take the plate with benzene-metabolizing colonies and replica plate it onto a similar synthetic medium plate containing the 32P material. Any colonies sensitive to the radioactive material will not grow (negative selection). These can be identified by looking back at the master plate with benzene-metabolizing colonies.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
34.	It is interesting that a mutation in the direction of resistance is a foregone conclusion. One possible origin might be ultraviolet light from the sun. Another might be nitrites in the soil. If we accept the truth of the statement, then all antibiotics will eventually become useless. You might speculate on whether and how this trend can be short-circuited.
35.	One would have to believe that double-stranded DNA viruses would be better at DNA repair because if a mutation occurs in one strand, the complementary stand is a template for mismatch repair. Single-stranded RNA viruses would lack this ability. 
36.	A mutation is a permanent change in an organism’s DNA. Therefore, a new, beneficial mutation that is transmitted to other cells or organisms can change the makeup of the recipient’s genome. Those cells or organisms then produce a disproportionate number of new cells or organisms because of natural selection. Although mutations are rare, the impact on evolution can be very great.

Chapter 9 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. B; 2. D; 3. C; 4. B; 5. A; 6. D; 7. A; 8. D; 9. C; 10. C; 11. B; 12. D; 13. D.
Fill-in
14. PLASMIDS; 15. PALINDROME; 16. COMPETENCE; 17. BACTERIOPHAGE;                                18. ENDONUCLEASE; 19. PNEUMOCOCCUS; 20. LIGASE; 21. GRIFFITH;                                    22. CONJUGATION; 23. VIRULENT; 24. GENOME; 25. HORIZONTAL.

STEP B: REVIEW
26-37. See Chapter 9 text.

STEP C: APPLICATIONS AND PROBLEMS
38.	Perhaps the organism was one that had existed previously but as a harmless species. A recombination process may have permitted it to assume a parasitic mode and thus cause disease. Another possibility is the acquisition of genes through HGT that allowed it to produce toxic substances, which lead to tissue destruction.
39.	The plasmid only has a restriction cut site for EcoR1. Therefore, mixing plasmid with EcoR1 will produce a linear plasmid, while mixing the plasmid with Pvu1 will cause no change.
40.	(a) Legionella pneumophila is the causative agent of Legionnaires' disease in humans that kills many people every year. (b) By knowing the bacterial species’ DNA sequence, perhaps sites sensitive to antibiotics can be identified or from which a vaccine can be produced.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
41.	Arguments can be offered for any of the three processes to be most common. For example, transformation might be common because local debris from dead bacterial cells is often encountered, but the ability of DNA to pass through the recipient’s wall and membrane would mitigate against a high incidence of transformation. Pluses and minuses likewise exist for the other two types.
42.	It might have been an adaptive advantage because some fragments might contain genes of use to the recipient cell. Such genes could be for antibiotic resistance or the ability of breakdown a nutrient source.
43.	Why genetic variation exists in influenza viruses depends on the segments of RNA that make up the genome, but it is also conceivable that during replication, the viruses may acquire fragments of host DNA, as in generalized transduction, and express these bits of DNA as new antigens unrecognized by circulating antibodies.
44.	Reproduction leads to “more” cells through binary fission, budding, or mitosis, while recombination leads to “different” cells through the recombining of genes and genomes.
45.	See the next to the last section in this chapter.
46.	Acquiring the human DNA fragment perhaps most likely was acquired through transformation. Somehow as an independent fragment, it was taken up into a N. gonorrhoeae cell and incorporated into bacterial cell’s chromosome.

Chapter 10 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. B; 2. A; 3. B; 4. B; 5. D; 6. A; 7. D; 8. C; 9. D; 10. A; 11. C; 12. D.
Fill-In
13. Streptococcus; 14. Tuberculosis; 15. Chlamydophila psittaci; 16. Legionnaires’ disease;                17. Bordetella pertussis; 18. miliary; 19. Ornithosis (Psittacosis); 20. pneumococcus; 21. meningitis; 22. cell wall; 23. Q fever; 24. Mycobacterium; 25. positive.

STEP B: CONCEPT REVIEW
26-37. See Chapter 10 text.

STEP C: APPLICATIONS AND PROBLEMS
38.	The key to diagnosis in this case was the dropping red blood cell count. Apparently the patient was producing antibodies that at cold temperatures (i.e., in February) react with and clump red blood cells, thereby causing them to disintegrate, thus the dropping cell count. Another insight was the resistance to penicillin, a notable characteristic of mycoplasmas. The final diagnosis was primary atypical pneumonia caused by Mycoplasma pneumoniae.
39.	The spread of diphtheria in the former Soviet Union was probably the result of the population movements and migrations associated with the breakup of the country and the reestablishment of new countries. At such a time, concern for one’s life is primary, and the opportunity for receiving immunizations is minimal. A large population of children had probably emerged during the previous years with virtually no protection against diphtheria. The major effort to stop the epidemic would be to have mass vaccinations of children and adults.
40.	It would be wise to target nursing homes and long-term care facilities. Impress upon them the numbers of older adults who die each year from a vaccine-preventable disease. Tell them it is a one-time immunization and they can receive it when they get their flu vaccination.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
41.	The most important factor was the introduction of the vaccine in 1987. Other factors might have been a strong surveillance system, the willingness of doctors to report cases, the establishment of a case definition to ensure that reports were accurate, using tests to assess continued vaccine effectiveness, and the willingness of public health departments to spend the necessary funds to help the eradication effort.
42.	This question assumes that a pathogen is in an advantageous condition, a situation with which you might take issue. Perhaps the virus places the bacillus in a difficult position because pathogenicity is not always desirable, especially after the host dies. On the other hand, the virus permits active growth in the tissues, a situation not possible without the toxin.
43.	Rheumatic fever is a complication of streptococcal pharyngitis (strep throat).

Chapter 11 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. C; 2. A; 3. D; 4. C; 5. D; 6. D; 7. A; 8. C; 9. B; 10. A; 11. B; 12. A; 13. C; 14. C; 15. A; 16. B;     17. A; 18. C; 19. A.
Term Selection
20. antitoxin; 21. dysentery; 22. Neurotoxin; 23. symptoms; 24. carriers; 25. Streptococcus mutans; 26. cholera; 27. serotypes; 28. septicemia; 29. intoxicated.

STEP B: CONCEPT REVIEW
30-47. See Chapter 11 text.

STEP C: APPLICATIONS AND PROBLEMS
48.	Here are some possible precautions: Buy the meat and poultry last; put them in plastic bags to prevent dripping to other foods; wash all fruits and vegetables thoroughly; wash the outsides of melons; don’t let foods sit in the car trunk for a long time.
49.	Mushrooms are cultivated in dark, humid caves on trays of fresh manure and other organic matter. Clostridial spores probably enter the manure from the animal’s intestine and cling to the mushrooms as they grow tall. When the mushrooms are bottled, anaerobic conditions can be established following a failed sterilization procedure with steam. Now the toxin is produced, and assuming the mushrooms are not boiled, the toxin will pass to consumers.
50.	Chickens and other forms of poultry may be infected with Salmonella serotypes. Evidence of this problem is often difficult to ascertain, and poultry manufacturers may unknowingly send infected chickens off to market. If the chicken is cut up on a carving board, the Salmonella cells can be deposited there and picked up by the salad ingredients. Old wooden carving boards are a particular problem because of numerous cracks and fissures. Thorough cooking kills the Salmonella in the poultry, but the salad is eaten raw and is a source of live bacterial cells. In this situation, the salad should be prepared before the chicken is cut up if the same carving board is used.
51.	The disease was brucellosis. All recovered and returned to work. The health department also made several recommendations to prevent further outbreaks, including the use of rubber gloves, face shields, and negative air pressure on the floor.
52.	Something to remember: “If you can’t boil it or peel it, don’t eat it!”

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
53.	The bacterial species survive the acidity of the arthropod stomach. They are then transmitted to distant locales, where they can be transmitted to humans after the arthropod feeds on food, or possibly by arthropod bite.
54.	Chicken barbecues are much more common in summertime. What other poultry-related products are related more to summer than to other seasons?
55.	Virtually all the organisms mentioned in this chapter could cause “stomach flu.”
56.	To make the cheese filling, one uses ricotta, mozzarella, and Parmesan cheeses with appropriate spices (lots of basil and oregano), and a couple of fresh eggs to “hold things together.” The association of Salmonella with eggs is well established, and it is quite likely that the eggs used by the manufacturer were contaminated. 

Chapter 12 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. D; 2. D; 3. D; 4. C; 5. B; 6. C; 7. A; 8. A; 9. A; 10. C.
Labeling
11. See Figure 12.11 in text.
Matching
12. F; 13. C; 14. B; 15. D; 16. A; 17. L; 18. H; 19. K; 20. E; 21. M; 22. H; 23. I; 24. A; 25. F.

STEP B: CONCEPT REVIEW
26-35. See Chapter 12 text.

STEP C: APPLICATIONS AND PROBLEMS
36.	The bipolar staining characteristic of the plague bacillus makes it appear as a safety pin, and the technician apparently thought diplococci were present. In addition, the plague bacillus is a gram-negative rod, which indicates that the Gram stain technique was performed poorly. The erroneous conclusions appeared to have dire consequences.
37.	During civil war, there is little regard for sanitation, and lice flourish on the skin and in the hair of humans. The lice carry and transmit the bacterial agents of typhus.
38.	Good-quality boots, preferably hip length, would be a wise suggestion.
39.	It was Rocky Mountain spotted fever. The progression of the rash from extremities to body trunk was the key.
40.	The festering boils on humans and cattle are probably those of anthrax. Anthrax may be caused by airborne spores settling on the skin. It is fair to say that people were familiar with the disease, since anthrax has been a concern in veterinary medicine for centuries. The French originally called it charboneuse, a reference to the black-encrusted boils that form.



STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
41.	Tetanus toxins are produced in human body tissues, compared with botulism toxins, which must be consumed, pass through the gastrointestinal tract, and then be absorbed into the bloodstream for distribution. From this standpoint, the tetanus toxin would appear to pose the greater threat.
42.	Endemic typhus is caused by rickettsiae transmitted by the fleas of rodents. When the rat poison was used, the rats died and the fleas quickly left the dead animal bodies, only to infest the nearby human bodies. 
43.	Lice transmit typhus. Therefore, by reducing the louse population via head shaving, the people also reduced the opportunity for transfer of the rickettsiae of typhus. Accumulations of lice eggs are called nits. In past generations, nits were so common in the hair that people would habitually pick them out, a practice that resulted in the common expression “nit-picking.”
44.	Read MicroFocus 19.6.
45.	Lyme disease is spread by deer ticks. Curtailing deer hunting provides more hosts for the ticks and an explosion of the tick population. More ticks mean more possibilities for Lyme disease transmission.
46.	When leaves and debris pile at the curbside, soilborne arthropods flourish, including ticks that commonly occur on grass and leaves. A child's chance playing in the leaves may bring him/her in contact with the ticks, and any of the three diseases indicated may follow.

Chapter 13 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. D; 2. C; 3. D; 4. A; 5. B; 6. A; 7. A; 8. C; 9. B; 10. B; 11. D; 12. B; 13. D; 14. D; 15. C; 16. C;    17. C; 18. A.
Fill-in
19. Pinkeye (conjunctivitis); 20. Southeast; 21. bacterial vaginosis; 22. Carbuncles; 23. Escherichia coli; 24. burning pain; 25. leprosy (Hansen disease).

STEP B: CONCEPT REVIEW
26-43. See Chapter 13 text.

STEP C: APPLICATIONS AND PROBLEMS
44.	Leprosy and tuberculosis are both caused by species of Mycobacterium. The immune system’s response to leprosy results in some protection against tuberculosis (much like the syphilis-yaws relationship). Evidence for this is in the use of BCG for immunization against leprosy. Therefore, where the leprosy incidence is high, the number of tuberculosis cases is likely low.
45.	The disease was leprosy (Hansen disease).
46.	At our college, we have had the hollow tubes removed because the practical benefit does not seem to outweigh the danger of contracting conjunctivitis (pinkeye), particularly when so many different students use the microscope. Disinfection is a useful alternative to removal, but this is not always possible.
47.	The woman probably had syphilis. Congenital syphilis often leads to miscarriage after the fourth month. The symptoms in the newborn, including Hutchinson’s triad, also point to syphilis.



STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
48.	The STDs open the epithelial tissue to penetration by HIV deposited there, especially since the virus is present in the infected person's semen. The genital ulcers in syphilis and chancroid are typical portals of entry for HIV, and the eroded urethra provides an entryway for a person having gonorrhea, chlamydia, or other forms of NGU.
49.	Impetigo is a skin disease often caused by staphylococci and occurring most commonly among children. Children tend to have more contact with one another during the summer months than during any other time of the year, and the skin is often unclothed at this time.
50.	The World Health Organization maintains squads of trachoma nurses whose duty is to visit remote villages and treat the eyes of all residents with antibiotics. This treatment is given to trachoma patients as well as potential victims of the disease.
51.	Historic writings, public images and pictures, and stories about leprosy have all added to the social stigma accompanying the disease.
52.	The difficulty in distinguishing gonorrhea and chlamydia on a clinical basis is a major problem. Other problems also can be deduced. The test will find use in developing countries where sophisticated labs are not available.

Chapter 14 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. C; 2. C; 3. B; 4. D; 5. A; 6. A; 7. A; 8. B; 9. B; 10. D; 11. A; 12. B; 13. D; 14. B; 15. B.
Identification
16. CAPSID; 17. BACTERIOPHAGE; 18. TUMOR; 19. ONCOGENE; 20. VIRULENT;                21. ICOSAHEDRAL; 22. VIRION; 23. ENVELOPE; 24. PRIONS.

STEP B: REVIEW
25-38. See Chapter 14 text.

STEP C: APPLICATIONS ABD PROBLEMS
39.	Not every phage can infect every type of bacterial species. Also, in the human, the phage would have to pass through the stomach, where the acidity would more than likely destroy most if not all the phage.
40.	The brain tissue would contain Negri bodies, a cytopathic effect of rabies replication.
41.	The defective viruses could possibly make vectors for carrying genes to cure genetic diseases. If the spike proteins could be change to recognize different cell types, then these defective viruses could target different types of cells. For example, the defective viruses could be engineered to carry a toxin that on attaching to and penetration of the cancer cells, would release the toxins, killing the cancer cells.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
42.	One description might be that a virus is an acellular intracellular parasite; that is, it is not a cell, to replicate it must exist inside a host cell, and it “feeds off” the host cell by obtaining the materials it needs to form more virus particles.
43.	Oncogenes appear to function in the production of substances that are involved in the metabolism of body cells (“Jekyll”). When these substances are overproduced, however, they may transform the cell into a tumor cell (“Hyde”).
44.	Is it possible that viruses have been holding the bacterial populations in check all these millennia? (Read MicroFocus 9.1 concerning gene swapping)
45.	Reproduction has a connotation in biology that implies the generation of new individuals by asexual or sexual processes. Although new individuals are generated in viral replication, the process is neither asexual nor sexual, but a completely separate process seen nowhere else in biology.
46.	Viruses reproduce very quickly and destroy their host cells in the process. A single virus, for example, may replicate to 1000 viruses in an hour (1 cell lost); each of the 1000 viruses can then infect a new cell in the immediate vicinity and destroy it (1000 cells lost), while producing 1000 new viruses per cell in the process. Now there are 1,000,000 viruses.
47.	Viroids and prions are of special interest because they appear to lack protein and nucleic acid, respectively. Even at the level of viruses, both components seem to be necessary. Viruses do or do not conform to other living things, depending on how one defines living things. Discussions like these are fruitful because they challenge the perception of what is a living thing.

Chapter 15 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. D; 2. C; 3. B; 4. C; 5. B; 6. A; 7. C; 8. C; 9. A; 10. A; 11. B; 12. D; 13. D; 14. B.
Completion
15. RNA/icosahedral/nose/mild; 16. contact/blisters/emotional stress; 17. in crops/teardrops/ shingles;    18. Reye/testes/orchitis; 19. measles/Koplik spots/mouth/red; 20. influenza/vaccine/bacteria;                21. RNA/lungs/children/fuse together/syncytia; 22. coronavirus/enveloped/person-to-person;                 23. DNA/common colds/eye; 24. icosahedral/HSV-2/thin/weeks/stress.                                                                                       

STEP B: CONCEPT REVIEW
25-38. See Chapter 15 text.

STEP C: APPLICATIONS AND PROBLEMS
39.	Here is what transpired: Twice-daily reports were collected from delegations on whether any members had measles symptoms. All visitors to medical stations were observed for measles symptoms. Letters were sent to all participants, volunteers, and staff advising them of the situation and the control measures, signs, and symptoms. Daily telephone calls were made to all local hospital emergency rooms. State health departments of the competition participants were notified of the outbreak. Can you think of anything the epidemiologists missed? (P.S. No additional cases occurred.)
40.	The evidence points to chickenpox. 
41.	The virus causing the man’s shingles is the chickenpox virus. If he were to come in contact with children, he might initiate an epidemic. The advice is therefore justified. Indeed, in some hospitals, shingles patients are placed in isolation for the duration of their illness.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
42.	A modern Thomas Syndeham should look for distinguishing markers among the diseases. Some examples are the teardrop-shaped, fluid-filled lesions in chickenpox; Koplik spots followed by a hairline rash in measles; mild measles-like symptoms of rubella; a “slapped cheek” appearance in fifth disease; salivary swelling in mumps; deep pustules and pock formation in smallpox; characteristic lesions in molluscum contagiosum.
43.	The incident helps prove that the agents of disease are transmissible. Pasteur and his supporters were right on target.
44.	Children are easier to reach at 15 months for immunization, but after 20 years or so, the immunity has probably worn thin. By contrast, teenagers may be harder to reach and certify for immunization, but the level of immunity will be much higher. 

Chapter 16 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. B; 2. C; 3. A; 4. B; 5. A; 6. D; 7. D; 8. D; 9. C; 10. C.
True-False
11. F (RNA); 12. F(no symptoms); 13. T; 14. F(rabies); 15. F(gastroenteritis); 16. T; 17. T;  18. T;  19. F(polio); 20. T; 21. F(rotavirus); 22. T; 23. F(infectious mononucleosis).

STEP B: CONCEPT REVIEW
24-33. See Chapter 16 text.

STEP C: APPLICATIONS AND PROBLEMS
34.	The letters indicate that the person is a carrier of the cytomegalovirus (CMV). CMV could pose a hazard if the blood were transfused to a person who was not previously a carrier of the virus and who had an immune system problem (such as AIDS). Knowing that the blood was CMV-positive would avoid this possibility. In addition, pregnant women would not receive this blood in a transfusion either, because of the congenital significance of CMV.
35.	The Sicilian barbers in the study used traditional razors that are nondisposable and unsterilized. They probably shaved themselves with the razors after shaving their patrons and transmitted hepatitis C viruses in bits of blood remaining on the razor. No doubt they also contributed to a high incidence of hepatitis C in their patrons.
36.	Use of the hepatitis A vaccine is controversial, especially in restaurant workers. Those who favor vaccine use point to the safety it ensures in restaurant patrons and, indirectly, in the reputation of the restaurant. Opponents point to various side effects associated with the vaccine, they question whether the civil rights of restaurant workers are being violated, and they prefer not to pay the insurance premiums needed to protect their workers against adverse reactions from the vaccine. Additional criteria, in favor and opposed, can be developed.
37.	This anomaly is probably the result of the cross-reactivity of the antibodies for yellow fever and dengue fever. The viruses are very similar, so the antibodies produced against one virus yield protection against the other virus.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
38.	A dramatic response is sparked when the disease displays a high mortality rate. There also is serious concern when the natural host is unknown, when there is no treatment, when public officials are unaware of the source of the disease, and when it strikes close to home.
39.	Those in favor say that if a person receives a positive test for hepatitis C, he or she has a right to know the results. Moreover, the person can vary the diet or make lifestyle changes to enhance the health of the liver. Those who oppose divulging the results indicate that thus far, there is no treatment for hepatitis C and not enough is known about it; therefore, alarming the individual is not warranted.
40.	The viral disease is hantavirus pulmonary syndrome. Residents are advised to avoid rodent nests, use disinfectant when and after handling a dead rodent, and to go to the local hospital quickly if symptoms develop.
41.	Chickens are used because the birds are susceptible to viral encephalitis. Furthermore, it is easy to detect the virus in their tissues, and they are inexpensive. Susceptibility to viral encephalitis is high because the park is built on swampland where mosquitoes thrive and harbor the virus. Tourists might be advised to use lots of insecticide, wear long sleeves, stay indoors at night, and make note of unusual fevers or headaches. Park officials should be advised to temporarily close all water parks and golf courses in the event of an outbreak. 

Chapter 17 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. C; 2. C; 3. D; 4. A; 5. D; 6. B; 7. C; 8. B; 9. C; 10. A; 11. B; 12. D; 13. D; 14. A; 15. B; 16. D.
Matching
17. K; 18. N; 19. G; 20. M; 21. P; 22. H; 23. F; 24. E; 25. I; 26. J; 27. B; 28. G; 29. L.

STEP B: CONCEPT REVIEW
30-45. See Chapter 17 text.

STEP C: APPLICATIONS AND PROBLEMS
46.	You are smelling ethyl alcohol from the dough. During the night, the yeasts used up all the oxygen in the dough and, as carbon dioxide from the Krebs cycle took up the air space, an anaerobic environment developed. Yeast metabolism then shifted from aerobic respiration to fermentation, and ethyl alcohol evolved.
47.	The tests and information point to Histoplasma capsulatum and histoplasmosis. 
48.	The affectionate cats probably have ringworm. By rubbing across the woman’s legs, the cats transmit the fungi to her shins where the disease develops. You might suggest the cats be treated for the disease.
49.	These three fungal diseases are considered to be systemic because they can spread from the lungs to other internal organs.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
50.	Cryptococcus neoformans is known for its ability to grow in pigeon droppings. The organisms then are airborne by wind gusts and inhaled into the lungs, where respiratory disease may develop. The action of the residents would therefore appear to be justified, at least microbiologically.
51.	Lime raised the pH of Mr. A.’s soil and prevented fungal disease in the turf. The mushrooms in Mr. B.’s lawn in June are a signal that fungi can grow in the acidic environment, and the brown spots are proof. Mr. B. should invest in lime next year.
52.	The mold would be found in warm, humid climates, which is exactly what the environment would be in the compost piles within the facility. Aspergillus can cause lung infections forming aspergillomas.
53.	According to public health epidemiologists, the outbreak of coccidioidomycosis was most likely due to dust made airborne by the earthquake. The disease is not transmitted from person to person but from the inhalation of airborne Coccidioides immitis.

Chapter 18 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. B; 2. A; 3. A; 4. C; 5. A; 6. B; 7. B; 8. C; 9. B; 10. D; 11. D; 12. A; 13. C; 14. C.
Matching
15. A; 16. A; 17. A; 18. B; 19. A, B, C; 20. A, B; 21. A; 22. A; 23. B; 24. A; 25. A; 26. A, C; 27. C; 28. A, B, C; 29. C
[bookmark: _GoBack]Label Identification
30. 	(1) See Figure 18.13; (2) See Figure18. 20.

STEP B: CONCEPT REVIEW
31-49. See Chapter 18 text.

STEP C: APPLICATIONS AND PROBLEMS
50.	To avoid toxoplasmosis, you might give your friend two helpful pieces of advice: have the hamburger well-done, and send the cats to someone else’s house until the baby is born. Toxoplasmosis is a significant threat to a pregnant woman.
51.	The disease is American trypanosomiasis (Chagas disease).
52.	I would consider the situation dangerous because Trichinella spiralis is still quite prevalent in pork; the preventive measures are minimal, and the possibility of contracting trichinellosis remains real. One day it may be possible to screen pork for trichinellosis.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
53.	Malaria remains the most widespread global health problem. Trichomoniasis affects over 2.5 million Americans annually. Giardiasis is among the most prevalent parasitic intestinal diseases in the United States. Toxoplasmosis should be a concern to anyone who owns a cat. It appears that more attention to parasitology is warranted.
54.	As the borders of Rome expanded, Romans ventured into far-off lands where mosquitoes thrived and where the malaria parasite was prevalent. Infected Romans probably brought the disease back to Rome, and the mosquito populations of the aqueducts and pools propagated the parasite and spread the disease.
55.	The disease was probably trypanosomiasis (sleeping sickness).
56.	On a global scale, diseases as these “impede national and individual development, make fertile land inhospitable, impair intellectual and physical growth, and exact a huge cost in treatment and control programs.” Solutions are straightforward: Develop new drugs, vaccines, diagnostic tests, and control methods. Can you suggest any novel approaches?
57.	Steak tartare can be a vector for Taenia saginata, the beef tapeworm. After suffering from tapeworm infection, the person might switch to well-cooked hamburgers.
58.	The concept of studying parasitology to appreciate the web of life is intriguing and worthy of note. Hundreds of thousands of individuals are infected with multicellular parasites. The relationship is benign in huge numbers of cases but parasitical in many others, as this chapter shows. Perhaps a geographical summary of the parasites might help us appreciate the global perspective for parasites.
59.	Most research by the medical community is carried out in the developed nations of the world and that research tends to focus on diseases affecting their citizens. Thus, the “neglected diseases” unfortunately receive less attention.

Chapter 19 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. C; 2. D; 3. D; 4. C; 5. A; 6. C; 7. B; 8. B; 9. D; 10. D; 11. D; 12. B; 13. A; 14. C 15. D.
True-False
16. F(endemic); 17. T; 18. F(infection); 19. F(liver and others); 20. T; 21. F(mechanical); 22. T;                      23. F(antitoxins); 24. T; 25. T; 26. T; 27. F(Direct); 28. F(acute); 29. F(incubation); 30. F(signs).

STEP B: CONCEPT REVIEW
31-44. See Chapter 19 text.

STEP C: APPLICATIONS AND PROBLEMS
45.	The salad bar remains one of the most common possibilities for disease transmission in the restaurant business. As a health inspector, you should stress the need to limit microbial transmission by the chilling of foods, the selection of foods to be offered at the salad bar, the thorough washing of foods, cautions to patrons, the turnover of foods, the disinfection of salad bar areas, dust control, and other means.
46.	At the emergency room, your friend was given a “tetanus shot,” a preparation of tetanus toxoid to induce his immune system to produce tetanus antitoxins. These antitoxins would protect him against tetanus toxins, since tetanus spores had probably entered the wound from the soil.
47.	Places that will make the list include the kitchen sponge and dishcloth, the sink drain area, the can opener, the telephone receiver, the refrigerator handle, the bathroom, computer keyboard, etc.
48.	You could make a case either way. You could envisage an epidemic disease as the greater threat because of its explosiveness, but a case also could be made for an endemic disease since it often is hidden from detection and strikes without warning. 

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
49.	Think about how many people handle stamps and the conditions under which they are stored before they come to you. Then, think about whether you would want to place it in your mouth. However, today many stamps are self-adhesive, so licking is not necessary.
50.	Cholera bacilli are susceptible to stomach acid, so the bacilli may never have reached von Pettenkofer’s intestine to cause disease. It is also conceivable that von Pettenkofer’s anxiety caused his stomach to put out a higher-than-normal amount of acid, which would further reduce the bacterial population. Perhaps the laboratory isolate was less infectious than one directly from a diseased patient.
51.	Can you imagine how many people have handled a dollar bill before it gets into your hands? Wetting the fingers before touching the dollar bill brings whatever was on the bill into your mouth.
52.	If a virus kills its victims quickly, there is no way it will be around long enough to spread to new hosts. Of course, this theory assumes that the virus does not exist anywhere in nature where it can be contracted easily, and that it relies on human-to-human transfer to remain in existence. In this particular case, the more virulent the virus, the less likely it is to be a slate-wiper (i.e., a disease that kills huge numbers of victims). 
53.	The antibiotic has destroyed the bacterial species in the urinary tract but has also eliminated those in the vaginal tract. These species normally control the proliferation of Candida albicans, and now Candida has overgrown the vaginal tract.

Chapter 20 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice
1. B; 2. D; 3. B; 4. D; 5. A; 6. B; 7. A; 8. D; 9. B; 10. B; 11. D.
Matching
12. J; 13. M; 14. F; 15. Q; 16. B; 17. E; 18. G; 19. I; 20. H; 21. N; 22. O; 23. I; 24. P; 25. N.

STEP B: REVIEW
26-36. See Chapter 20 text.

STEP C: APPLICATIONS AND PROBLEMS
37.	The pain is due to nerve damage at the cut site and pressure exerted by the swelling while the warmth is due to the increase blood flow resulting from capillary dilation and fluid accumulation.
38.	The tears contain lysozyme, which is active on the cell walls of gram-positive bacterial cells. In addition, the flow of tears carries away any pathogens present.
39.	Swollen glands refer to swollen lymph nodes. You tell her it is her body’s response to the pathogen and the “fight” is occurring in the lymph nodes.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
40.	In some diseases, actual invasion of the tissues does not take place; instead, the microorganisms grow along the body surfaces. In giardiasis, for example, the protozoa colonize the surface of the gastrointestinal tract and inhibit water absorption. In pertussis, the bacilli multiply along the epithelial surface of the respiratory tract and mucous plugs soon accumulate, causing suffocation. 
41.	There are chemical signals (cytokines) that stimulate phagocytosis, the defensins, interferons, inflammatory signals, signals triggering fever, signals involved with complement activation, and chemical interactions with the toll-like receptors. 
42.	It’s not necessarily unusual. How many times does an organism emit signals that stimulate the “wrong” response?

Chapter 21 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice 
1. B; 2. C; 3. A; 4. D; 5. A; 6. C; 7. A; 8. C; 9. D; 10. B; 11. B; 12. C; 13. D.
True-False
14. T; 15. F(haptens); 16. F(immunoglobulin); 17. F(antigen binding site); 18. T; 19. F(plasma cells); 20. T; 21. T; 22. F(two); 23. T; 24. F(macrophages/dendritic cells); 25. T; 26. T; 27. T; 28. F(four); 29. T; 30. F(heavy); 31. F(perforins/granzymes); 32. F(IgG); 33. F(plasma cells); 34. F(IgD);           35. T.

STEP B: CONCEPT REVIEW
36-48. See Chapter 21 text.

STEP C: APPLICATIONS AND PROBLEMS
49.	When antigenic determinants arrive in the lymphoid tissue, they must seek out receptor sites on one of perhaps a million different cells. Only after that interaction has taken place will the immune system be stimulated. The analogy would appear correct.
50.	Once the techniques are perfected and the roles of nanorobots have been demonstrated, this “science fiction” technology may be very useful.
51.	The inability of nanorobots to be recognized as foreign by the immune system would be important and critical if they are to be effective disease fighters. In addition, how will nanorobots detect and eliminate disease; and what happens to the nanorobots once the disease has been eliminated?

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
 52.	The individual probably would fare poorly. Modern humans have evolved an immune system that responds to myriad antigens from microorganisms, and our immune system is prepared for the appearance of these antigens (clonal selection). The ancient immune system probably had no contact with these antigens and was primitive by modern standards (it did not have the immune system cells required for response). The individual’s susceptibility to disease would probably be very high. 
53.	In short, T cells carry receptor proteins that resemble antibodies. However, B cells do carry IgD and antibodies on their surface.
54.	The cockroach does appear to have an immune system, and the system apparently is a factor in its ability to survive. Far from being immunologically primitive, as suspected, the arthropods can produce antibody-like proteins. The next steps would be to identify and characterize these substances.

Chapter 22
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice 
1. B; 2. B; 3. A; 4. A; 5. D; 6. A; 7. D; 8. C; 9. B; 10. B; 11. D; 12. A; 13. A.
Completion
14. innate/adaptive; 15. active/passive; 16. measles/mumps/rubella; 17. diphtheria/pertussis/tetanus; 18. natural/artificial; 19. antiserum/gamma globulin; 20. transplacental passage/breast feeding;        21. inactivated/attenuated; 22. diphtheria/tetanus; 23. injection/oral/subcutaneous;                               24. neutralization/agglutination; 25. tetanus/diphtheria.

STEP B: CONCEPT REVIEW
26-36. See Chapter 22 text.

STEP C: APPLICATIONS AND PROBLEMS
37.	IgM is not used in gamma globulin preparations possibly because the expense of obtaining it is prohibitive and storage can be a problem.
38.	Lysis of the red blood cells would occur because without syphilis antigen, no activity would take place in the test system, and the complement would be left over for the indicator system. Without the mistake, the expected result would be no lysis.
39.	The one with the higher titer may have had a clinical infection, a subclinical infection, a mumps vaccination, a blood transfusion containing mumps antibodies, or an injection of antiserum. Any other possibilities?
40.	With some insight and imagination, a case can be made for each type of immunity as being safest to obtain. Similarly, reasons may be offered for each type as being most helpful. Discussions such as these put immunity into perspective and help you make choices supported by what you have learned. Ultimately, I would think that the individual situation would dictate the choice.
41.	The MMR vaccine is an attenuated vaccine; the antigens (viruses) are not killed, so there is a miniscule risk that the child could get one of the diseases from the vaccine.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
42.	In herd immunity, the immunizing agent can be spread in numerous ways. For example, day-care workers changing the diaper of a child recently immunized against polio may pick up the viruses on their fingertips and inoculate themselves and other children they contact. Body secretions, such as saliva and respiratory droplets, may spread measles, mumps, or rubella viruses from children who recently received the MMR vaccine. These examples may serve as a starting point for the discussion.
43.	It would seem to be a good idea, but it will take lots of money to implement. And the willingness for the American taxpayer to part with the funds will depend in part on how serious the threat of disease is perceived to be. You should continue the debate from here.
44.	The increased incidence of pertussis in adolescents and adults in part reflects the reduced use of the whole-cell killed vaccine in previous years. The reduced use resulted in less protection because fewer antibodies were formed. The acellular vaccine reduces the concerns associated with vaccine use, and, with increased use, higher levels of immunity should result. However, not everybody is immunized and many have not had the complete schedule of shots.
45.	Children between the ages of 5 and 15 generally eat well and are adequately clothed. Their cells are actively metabolizing, and their tissues are growing rapidly. Their immune systems are fully functional. They enjoy exercise for physical fitness and are relatively free of cares for mental fitness. At first signs of disease, they are given home or hospital care.

Chapter 23
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice 
1. B; 2. A; 3. B; 4. C; 5. A; 6. D; 7. C; 8. B; 9. A; 10. D; 11. C; 12. D; 13. B; 14. B.
Rearrangement
15. HISTAMINE; 16. DIGEORGE; 17. JOINTS; 18. CYTOTOXIC; 19. ATOPIC; 20. ANTIGEN; 21. TUBERCULOSIS; 22. BASOPHILS; 23. HLA; 24. RASH; 25. PROVIRUS.

STEP B: CONCEPT REVIEW
26-39. See Chapter 23 text.

STEP C: APPLICATIONS AND PROBLEMS
40.	No, the officer should be stopped. His blood cells contain B antigens, which will agglutinate with b antibodies in the recipient’s serum. The transfusion reaction will probably kill the recipient.
41.	Formaldehyde used for preservation of the animals is probably causing a contact dermatitis. The sensitivity began to develop during the first two exposures, and now, during the third exposure, it is manifesting itself. Rubber gloves would be helpful for protecting the hands.
42.	The condition is hay fever.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
43.	In the first animal, the raw egg will be digested by the gastrointestinal system to amino acids and small peptides, which are not antigenic. However, no digestion will take place in the second animal, and the immune system will probably produce antibodies against the egg protein. An allergic reaction is likely.
44.	She is suffering an allergic reaction. Insufficient sensitization had taken place after the previous injections but now, after the fifth injection, she was fully sensitized and basophils and mast cells began to degranulate. Most allergists recommend that a patient spend several minutes in the office after injections to be available in case an allergic reaction takes place.
45.	Tissue must be closely matched genetically for a transplant to be successful. Siblings are genetically close since they have the same parents, but the parents come from different backgrounds and probably have little genetic similarity.
46.	It is interesting to question whether the immune system is actually protecting the body during immune disorders. Allergies can be interpreted as protective mechanisms for ridding the body of antigens, and the theory can be extended to other types of hypersensitivity, as well as to transplants and tumors. Autoimmune diseases stand in stark contrast because the body appears to be attacking itself. An oxymoron is two terms that do not fit together (the dictionary definition is “two mutually exclusive juxtaposed words”). “Immune disorder” appears to be an oxymoron because immune means “free of” and a disorder is a problem. Therefore, how can you have a problem that you don’t have? 
47.	Disease reflects a competition between host and pathogen. If the parasite overcomes the body defenses, disease ensues; but if the body defenses overcome the pathogen, the latter is driven away. In each case, the pathogen and defenses compete until one wins out. AIDS is dramatically different. HIV eliminates body defenses by destroying portions of the body’s immune system. Left defenseless, the body is subjected to “marauding” pathogens in the form of opportunistic microorganisms.

Chapter 24 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice 
1. A; 2. B; 3. A; 4. D; 5. C; 6. D; 7. A; 8. D; 9. C; 10. C; 11. C; 12. A; 13. B; 14. A; 15. A; 16. D;   17. B; 18. A; 19. D; 20. D.
True-False
21. T; 22. F(bacterial cells); 23. F(translation); 24. F(tetracycline); 25. F(beta-lactamase); 26. T;      27. F(RNA); 28. T; 29. T; 30. F(neomycin).
Identification
31. Cell cytoplasm; 32. Cell membrane; 33. Transcription (RNA synthesis in the cytoplasm);          34. DNA in the nucleoid; 35. Ribosome; 36. Cell wall; 37. Ribosomes; 38. Cell wall; 39. Ribosome; 40. Cell wall.
STEP B: CONCEPT REVIEW
41-60. See Chapter 24 text.

STEP C: APPLICATIONS AND PROBLEMS
61.	Pasteur and Joubert were probably observing the effects of an antibiotic produced by the contaminating microorganisms. It is clear that the concept of antibiosis was known over 100 years ago. You might enjoy speculating whether Pasteur and Joubert envisioned a therapeutic compound in the mixture of bacterial species.
62.	The arrival of antibiotics and modern medical practices in Nepal typifies how medical advances can disrupt the lives of a population. With more mouths to feed, forests had to be cleared, and great pressure was placed in preparing the land for crops. Living space soon became a premium, and natural resources, such as water supplies, were tapped to their limit. Greater populations also meant greater sanitation problems and, consequently, more opportunity for the spread of disease. Discussions such as these help us understand the negative aspects of medical advances.
63.	A synthetically produced antibiotic does not depend upon the whim and good nature of a microorganism for its production, nor does the manufacturer have to worry about a mutation in the organism or loss of the culture. On the other hand, chemical syntheses tend to be complex, and separating the final product may be tedious and less cost-effective. There is also the possibility that residual chemicals may be toxic in the patient.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
64.	Observations as that in China illustrate how people were enjoying the effects of antibiotics without realizing it. In this case, the mold in the soybean curd was probably the source of the antibiotic.
65.	The soil is a highly volatile and complex environment where organisms compete for survival. Being able to produce an antibiotic gives an organism a selective advantage in this competition. Streptomyces species may owe their survival to their ability to destroy competitors via antibiotic production. However, antibiotics in lower concentrations also can play communication roles, so such chemicals may be important signaling molecules in the soil.
66.	It would seem likely that many genera of microorganisms could produce antibiotics, yet only five genera have been pinpointed in this chapter. Perhaps this has to do with the soil habitat in which these genera normally exist. It is probable that many other genera of microorganisms produce antibiotics, but the chemicals are generally too toxic for use in the body.
67.	An antibiotic that is not absorbed from the gastrointestinal tract is useful in treating intestinal tract infections. One that is rapidly expelled in the urine would be valuable for urinary tract infections. In these examples, you should be able to understand that the characteristics of a drug can be adapted to the use of the drug.
68.	The antibiotic issue is one that can be argued for hours. Perhaps this might be a good question for a debate panel. Side effects, the emergence of antibiotic-resistant bacteria, the effect on human population growth, and human dependence on antibiotics would stimulate the anti-antibiotic side. The misery and death from disease, rising food costs, job impact in the pharmaceutical industry, and generally better quality of life might be discussed by the pro-antibiotic side.
69.	The three scientists worked together to bring about the development of penicillin. Fleming, the microbiologist, discovered the antibiotic; Florey, the physiologist, studied its effects in tissue; and Chain, the biochemist, performed the purification.

Chapter 25 Self-Test
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice 
1. D; 2. D; 3. A; 4. A; 5. C; 6. B; 7. B; 8. A; 9. B; 10. A; 11. D; 12. B; 13. A; 14. C; 15. B; 16. C;    17. D.



Identification
18. SALMONELLA; 19. CLOSTRIDIUM; 20. SERRATIA; 21. CHLAMYDIA; 22. STREPTOCOCCUS; 23. BACILLUS; 24. ACETOBACTER; 25. LEUCONOSTOC; 26. CLAVICEPS; 27. CLOSTRIDIUM; 28. PSEUDOMONAS; 29. ENTEROBACTER; 30. ASPERGILLUS.

STEP B: CONCEPT REVIEW
31-47. See Chapter 25 text.

STEP C: APPLICATIONS AND PROBLEMS
48.	Ultraviolet light would reduce the level of spoilage organisms in the air and on surfaces exposed to the light. However, the UV light would not penetrate the food, nor would it reach the side or bottom surfaces of the food. 
49.	The correct sequence would be to prepare the salad before the chicken. Salmonella serotypes may be present in the chicken, and cross-contamination to the salad may take place. Cooking eliminated Salmonella in chicken, but salad is eaten raw and is potentially dangerous.
50.	The sour cream was preserved primarily by the acid present. This scenario points up that the expiration date is merely a statistical guess on when the product might start to look or taste bad. It does not necessarily represent the date when the product will begin to pose a danger to health.
51.	Precautions to take when gathering apples include not picking apples off the ground, just off the tree. Also, move far into the orchard away from any animals grazing nearby because their feces may have contaminated the soil. Moreover, wash and brush the apples before pressing them and briefly boil the cider before drinking it, or use a preservative to prepare the cider for storage.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
52.	The pasteurized yogurt has been heated after preparation and most of the helpful bacterial species (“the active cultures”) have been destroyed. It might be better to pass on this type and taking the yogurt made with pasteurized milk.
53.	Blue cheese is made with Penicillium roquefortii. On very rare occasions, eating food with penicillin in it can cause reactions (hives, itches) for penicillin-sensitive individuals.
54.	Vinegar is acidic, olive oil has chemical preservatives, the sugar in brown sugar creates an osmotic pressure; tea bags, cocoa mix, and spaghetti are dry; pancake syrup has sugar for osmotic pressure, soy sauce is very salty, and rice is dry.
55.	The liver would probably be the better choice because it will spoil more rapidly than the steak. Liver is an organ meat, with a looser tissue consistency and richer blood supply than muscle tissue. Contamination is therefore more probable in the liver.
56.	Food spoils more rapidly in hotter climates; the spices preserve it better and help prevent spoilage.
57.	Individuals who pick fruits and vegetables in the fields should be vaccinated against any diseases they could transmit. Toilet facilities should be made available to them, and they should be discouraged from working if they are ill. The water used to wash the produce should be purified. You should recommend other such regulations.




Chapter 26
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice 
1. C; 2. B; 3. D; 4. B; 5. C; 6. A; 7. A; 8. D; 9. B; 10. D; 11. A, C; 12. B; 13. B, C; 14. A, B; 15.A, B, C; 16. A, B; 17. B; 18. A; 19. B, C; 20. A, C; 21. A, B, C; 22. A, C; 23. C; 24. B, C; 25. B.

STEP B: CONCEPT REVIEW
26-35. See Chapter 26 text.

STEP C: APPLICATIONS AND PROBLEMS
36.	The methane was generated during the decomposition of sewage by bacterial species in the septic tank. This tragedy highlights the danger of dealing with actively decaying sewage, and it should be of interest to those who work near landfill operations.
37.	The presence of high coliform counts indicated the water had been contaminated with sewage and typhoid fever, bacterial dysentery, amoebiasis, hepatitis, or other serious diseases were imminent. Certainly, the danger was equivalent to that posed by Legionnaires’ disease.
38.	Choosing a cesspool or septic tank presents an interesting dilemma because a strong case can be made for either choice. Among the considerations is the expense and ease of installation, the desirability of regular cleaning out, the type of waste to be deposited, and local ordinances.
39.	The greater hazard probably exists in the smaller wading pool because diaper-clad toddlers can spread microorganisms into the water, where children are more likely to take a mouthful of water, where flatulence may eliminate microorganisms from the intestine, and where greater stagnation of the water may occur. Park officials should limit disease transmission by providing constant water exchange and aeration, keeping vigilance on the chlorine content, watching for babies with soiled diapers, and posting signs advising parents not to allow children in the water if the children have diarrhea.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
40.	Connecting storm and sanitary sewers was a poor one because it resulted in a huge body of storm runoff polluting sanitary waste, and vice versa. Separation would make handling the waste considerably easier. However, there are arguments for connecting the systems, the most obvious being the economic benefit.
41.	Pathogens are ill equipped to compete with vast populations of other soil organisms. They may lack the enzymes for soil metabolites or the structural components to contend with environmental fluctuations in the soil. Antibiotic-producing soil organisms are also present.
42.	The following may be offered: (a) Soil runoff may contaminate the water, despite the absence of large animals or humans, and small animals such as beavers or others may be sources; (b) microorganisms survive in ice and snow, either of which may be contaminated with animal excrement; (c) water may pick up contaminants during its journey out of the soil or over rocks; also, it may have run into the ground farther up the hill; (d) rapidly moving water may dilute contaminants more efficiently than still water, but it presents no assurance of being germ-free.
43.	The grass is greener over the septic tank because the organic-rich water flowing from it provides a natural lawn fertilizer. In the wintertime, the hot water from a cesspool or septic tank warms the soil and melts the snow over it. 
44.	The carbon, sulfur, and nitrogen cycles provide irrefutable evidence of the roles that microorganisms play in enhancing the quality of life. It is instructive to try to imagine a world where no microorganisms are available to recycle these elements.
Chapter 27
STEP A: REVIEW OF FACTS AND TERMS
Multiple Choice 
1. D; 2. A; 3. A; 4. D; 5. C; 6. A; 7. A; 8. D; 9. D; 10. B.
Matching
11. O; 12. B; 13. P; 14. G; 15. J; 16. E; 17. Q; 18. C; 19. D; 20. H; 21. N; 22. M; 23. K; 24. F; 25. I.

STEP B: CONCEPT REVIEW
26-35. See Chapter 27 text.

STEP C: APPLICATIONS AND PROBLEMS
36.	More carbohydrate breakdown means less residual carbohydrate and therefore fewer calories. The product is “lite” beer.
37.	The place to look for organisms for bioremediation would be in extreme environments. For example, the deep subterranean regions would yield organisms that live in oil, and the ocean would contain organisms that survive in high-salt environments. Ultimately, solutions of the pollutants would have to be assayed for organisms. Other examples given in this chapter should give you leads on where to find the organisms.
38.	Despite extensive reassurances, many microbiologists remain skeptical about the widespread use of Bacillus thuringiensis. What would happen, for example, if the organism mutated or underwent recombination to a pathogenic form? Ecologically speaking, is it possible that the insecticide is killing off insects that provide natural controls to other insects? These thoughts should provide a basis for a discussion.
39.	One should realize by this point that anything is possible as long as one has vision and imagination. Antibiotic production in the body is conceivable, and you should outline the problems that require attention before this happens. Certainly, the fear of consuming microorganisms would have to be overcome.

STEP D: QUESTIONS FOR THOUGHT AND DISCUSSION
40.	By the time you reach Chapter 27, you should have a firm understanding of how microorganisms contribute to the quality of life. Examples abound in this chapter. Combined with examples from Chapters 25 and 26, they are a formidable list that should help you see the positive roles of microorganisms in our lives.
41.	They indicate that beer was an important drink among the Pilgrims. Because water would become contaminated, alcoholic beverages would more likely stay drinkable.
42.	This is an intriguing question similar to that proposed for lactobacilli and streptococci in yogurt (Chapter 25). You might speculate about what factors might be necessary to establish pathogenicity in the yeast. The question also illustrates how we consume microorganisms regularly without a thought of dangerous consequences.
43.	Perhaps a defect in the enzyme system prevents the metabolism of the vitamin to the next step; perhaps the organisms live in a symbiotic or synergistic relationship (biofilm) with other organisms that use the vitamin. 
44.	The list of microbial products should be formidable and should include food, drink, and numerous industrial products.
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