Chapter Challenge Answers –  12  
Chapter Challenge Answers –  13


Alcamo’s 
FUNDAMENTALS OF 
Microbiology
10th Edition

Answers to:
Chapter Challenge
Questions



Jeffrey Pommerville, PhD
Glendale Community College

Chapter 1
A.	The three diseases were smallpox, childbed (puerperal) fever, and cholera. Vaccination against smallpox, hand washing to prevent childbed fever, and taking the pump off the water pump all “suggested” that the disease in question could not be a miasma.
B.	
	Microbial group
	Characteristics

	Bacteria were revealed through the studies of Pasteur, Koch, and other contemporaries of the time. Archaea (as a group) would not be named until the 1990s.
	See text pages 23-24

	Viruses were revealed through the filtering experiments of Ivanowsky and Beijerinck.
	See text page 24

	Fungi were revealed through the work of De Bary, Pasteur, and Gruby.
	See text page 24

	Protists (protozoa) were revealed by Pasteur, Laveran, and Bruce.
	See text page 24



C.	Infectious diseases remain a challenge to microbiology, especially because of continually emerging/ reemerging diseases and the increase in antibiotic resistance microbes around the world. Intentional disease threats involve the potential use of microbes as bioterror agents.

Chapter 2
A.	Like carbon, silicon has four electrons in its outermost shell.
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B.	To the author, these extremophile examples are just additional examples of how microbes adapt to their environment. Such adaptations can be found everywhere and illustrates the flexibility of microbes. If a microbe lost its carbon source though, it might be out of luck. No organism has ever been found that has substituted silicon for carbon, at least for the four important organic compounds of life (carbohydrates, lipids, nucleic acids, and proteins).
C.	The structure would look somewhat similar if the phosphate atoms were replaced with arsenic. Arsenic is a larger atom in size, so it is possible the double helix might be a bit larger and wider. The other phosphate-containing molecules would be phospholipids and adenosine triphosphate (ATP).
D.	Again, if a rare amino acid was incorporated into protein, it would just be another example of microbial flexibility. With regard to antibiotic resistance, the answer is still no. Using pyrrolysine provides another example for flexibility and adaptation.

Chapter 3
A.	Not at all. Already we have seen how they are very sophisticated organisms on a par with eukaryotic organisms. They can adapt to changing environments, communicate with their neighbors in a “multicellular” biofilm, and carry out numerous tasks natural or man-made (bioremediation).
B.	Bacterial organisms are not “dumb.” Like all cells, they possess a set of basic organizational patterns (genetic organization, compartmentation, metabolic organization, and protein synthesis). Although they may lack the physical structures (organelles) seen in eukaryotic cells, bacterial cells still possess the patterns and processes to carry out the activities characteristic of a eukaryotic organelle.
C.	Being that bacterial cells have all the basic attributes of a eukaryotic cell, it follows that the early life, to exist, must also have evolved these patterns and processes. Thus, the last universal common ancestor (LUCA) would have been the cell (or cells if they evolved more than once) in which the universal processes became commonplace.
D.	Taxonomy is involved with identifying, naming, and classifying all life. The current three domain system illustrates not only the differences between organisms, but also shows the similarity to all life (see challenge answer B). Microscopy does indeed show differences in structure between prokaryotes and eukaryotes, but “looks can be deceiving” as all these cells are complex cells capable of maintaining a set of patterns and process for life and allowing for growth and reproduction.

Chapter 4
A.	Even though the organisms in the domain Archaea and Bacteria have definite differences, they still share many physiological, biochemical, and molecular characteristics. After all, they were once in one group, the kingdom Monera. In addition, many of these characteristics are shared with members of the domain Eukarya.
B.	These major functions are not different from those in the Eukarya. All organisms (and cells) need to sense their surroundings, compartmentalize metabolism, and grow and reproduce. Again, the unity of life is illustrated.
C.	Using cell structure, the unity of life can be demonstrated:
	Pilus
	All cells attach to another surface, although eukaryotic cells do not have pili.

	Flagellum
	Many prokaryotic and eukaryotic cells are motile, although the flagellum structure may vary 

	Glycocalyx
	Most all cells have some sort of external carbohydrate coat

	Cell wall
	Most cells, except animal and some protist, have a cell wall to control water entry. Animal and protist cells have other means for control.

	Cell membrane
	All cells have a membrane surrounding the cell.

	Nucleoid
	All cells have a compartment (nucleoid or nucleus) to isolate the DNA.

	Plasmid
	One of the few structures limited to many prokaryotes and eukaryotic yeasts.

	Ribosome
	Present in all cells.

	Microcompartment
	All cells are compartmentalized, be it by a protein or membrane enclosure.

	Inclusion
	All cells store materials as inclusions or storage bodies.

	Cytoskeleton
	Many, if not all prokaryotes have cytoskeletal proteins, although they are not organized into three-dimensional microtubules and filaments.




Chapter 5
A.	Extremophiles need to have adapted by having enzyme that can still function at the extreme conditions. For example, at temperature extremes, the enzymes cannot denature. It is hard to explain how a vegetative microbe could withstand the extreme temperature and radiation in a trip to Mars. Perhaps if it were protected within the spacecraft, radiation would not be as dangerous. On the other hand, it might be possible for endospores to make the journey and then germinate on the Red Planet if conditions allowed. Still, the probability of survive would be minute—but not zero!
B.	It is really hard to “guess” what Martian microbes would be like if indeed such microbes exist. They might be most like some of the archaeal extremophiles that can survive in the described conditions. Perhaps the Mars rover Opportunity will give us some ideas.
C.	The easiest experiments to do on Mars would be to try to detect some type of metabolism. More than likely, they will not be oxygen consumers, so trying to detect another metabolic gas product, such as methane or hydrogen sulfide, might be a wiser choice. Looking for microbial life with a microscope probably would not be easy to manipulate from Earth.

Chapter 6
A.	Termites eat wood (cell wall = cellulose) and cows eat grass (= mostly cell wall cellulose). Because these animals lack the enzymes to digest cellulose, the enzymes must come from some other source. You guessed it – microbes!
B.	Cellulose is built from glucose monomers. In aerobic respiration, the products (besides ATP) are water and carbon dioxide gas. Methane is not one of the products. So, the microbes in termite guts and cow rumens are not doing aerobic respiration.
C.	The other catabolic pathways are anaerobic respiration and fermentation. However, the latter does not involve the production of methane gas. Therefore, the microbes must be carrying out anaerobic respiration. This means the termite’s gut and the cow’s rumen must be anaerobic environments where carbonate (CO3) or CO2 is converted to methane gas. Therefore, by association, the waterlogged rice patty must be an anaerobic environment and one that also contains microbes carrying out anaerobic respiration.
D.	You follow the pathway that ends with saprobes

Chapter 7
A.	(a) Dry heat would be used in cooking while moist heat might be used with a pressure cooker. (b) The air conditioning system in the home has air filters to removed dust, pollen, and other pollutants. (c) UV light might be used in restaurants to keep work surfaces sanitized. (d) Spoilage might involve refrigeration and freezing of food products.
B.	Look on the bottle for the information.
C.	Again inspect the labels of the products to find the active ingredient(s).

Chapter 8
A.	The obligate symbionts/parasites have come to depend on their host for many essential molecules. Being able to depend on the host means the symbiont/parasite no longer needs to also have an independent functional gene for that same molecule. Sponge off your host!
B.	It is hard to say. It might be necessary that the symbiont/parasite keep its own replication machinery genes because these proteins may be different from those used by the host. The multiprotein complex for replication consists of about 15 proteins. Because many of these may be multisubunit proteins, the number of genes would surpass 15. Perhaps some of these could be “lost” by the symbiont/parasite if it can use a similar protein from the host.
C.	If the symbiont/parasite is in a human host, for example, many of the transcription and translation products are structurally different from those in the symbiont/parasite. So, the symbiont/parasite would need to retain the genes for those RNAs and proteins. 
D.	The core genes are included in Chapter Challenge D.

Chapter 9
A.	It is difficult to determine which HGT mechanism might have been responsible for the transfer of the bacteria genes to vertebrate cells. Conjugation is a bacterial cell-to-bacterial cell transfer, so that probably is not the mechanism. Bacterial viruses only infect bacterial cells, so transduction would not be a logical choice. That leaves transformation, where free fragments of DNA may have been taken up by a vertebrate cell ancestor. Transposon jumping is possible if transfer could occur from bacterial cell to vertebrate cell. 
B.	Among the ways genetically engineered microbes have helped alleviate disease among faculty genes in the human genome are development of insulin and HGH production by engineered bacterial cells and interferon production to enhance lower production levels in affected individuals. See the linked article for others.
C.	Your impression is solicited.

Chapter 10
A.	Streptococcus is most likely to be found in the URT as a result of inhalation of respiratory droplets containing the bacterial cells. They then may make their way to the LRT.
B.	Streptococcus pyogenes is associated with strep throat, scarlet fever. S. pneumoniae is associated with otitis externa and otitis media and acute bacterial meningitis
C.	The list would include infectious bronchitis (middle age and older individuals because immune systems are no longer a strong) and pneumococcal pneumonia (all age groups because it is community acquired).

Chapter 11
A.	Digestive system defenses are essential for preventing colonization and potential infections and disease. For example: oral cavity – chewing and salivary flow dislodge microbes from epidermal and tooth surfaces; saliva contains mucins and antimicrobial proteins lysozyme, lactoferrin, and defensins that destroy microbes; secretory IgA antibody binds to microbes keeping them in suspension; low pH of the stomach fluid kills most microbes; intestines covered with mucus and IgA antibodies present; shedding of cells from the mucosal surface carries away microbes; bile and proteolytic enzymes kill microbes; and Peyer patches can secrete antibodies against pathogens.
B.	The source of the oral diseases caused by microbes is not completely understood. Streptococcus mutans and many other oral microbes probably are transmitted during infancy by other family members, from other playmates, etc. Read MicroFocus 11.2.
C.	Farm: good farming practices to prevent animal infections and transmission of disease between animals prior to slaughter. Manufacturing: Many foodborne microbes are present in healthy animals (usually in their intestines) raised for food. Therefore, meat and poultry carcasses should be protected from contamination during slaughter by contact with small amounts of intestinal contents. Fresh fruits and vegetables can be contaminated if they are washed or irrigated with water that is contaminated with animal manure or human sewage. Restaurant/grocery store: Don’t cross contaminate foods and maintain high sanitization conditions. Keep meat, poultry, seafood, and eggs separate from all other foods while you’re shopping at the grocery store. Make sure perishable foods are kept at their appropriate temperatures. Wash hands. Home: store foods at correct refrigeration/freezing temperatures. Use separate cutting boards, plates, and utensils for raw (uncooked) produce and for raw (uncooked) meat, poultry, seafood, and eggs. Wash hands!
D.	See answer C. If toxin-producing pathogens get in a food product, they may produce toxins in that food product and/or produce toxins in the human body when the food product is consumed. Again, appropriate preventative measures can minimize foodborne outbreaks.
E.	As with most infections, the key is to block the spread of the organism causing inflammatory gastroenteritis (V. cholerae = drink safe water; E. coli = eat properly cooked meats and vegetables; L. monocytogenes = all you can do is keep foods properly refrigerated). And most importantly, always wash your hands. 
F.	A short list: (1) Dispose of eggs with cracked shells and store eggs for shipment in areas separated from poultry houses; (2) Pathogens like Salmonella are shed through the feces of an animal or human and the fecal matter can make its way into foods, like peanut butter through the fecal/oral route. So, wash hands and keep machinery sanitized; (3) Keep poultry processing separate from potential fecal contamination; (4) Make sure delivery trucks that have hauled raw products (animal or vegetable) are sanitized before loading with other products, such as ice cream; (5) Keep salad at refrigerated temperature and make sure raw juices did not cross contaminate the preparation area in the restaurant.

Chapter 12
A.	Anthrax, tetanus, gas gangrene, and leptospirosis are all euedaphic pathogens; all are soil-dwelling microbes.
B.	Although fleas and ticks may lay their eggs in the soil, the pathogens must infect a host in order to complete their life cycle. Therefore, they would be considered soil-transmitted pathogens.
C.	Ehrlichia and Anaplasma are both obligate intracellular parasites, so again they would be considered soil-transmitted pathogens.

Chapter 13
A.	It is all a matter of anatomy. In females, the opening to the vagina and cervix are relatively close to the rectum, making potential infections much more likely than in males.
B.	
	STD
	Acute phase
	Chronic phase

	Chlamydia
	Cervical inflammation 
	Salpingitis, PID, ectopic pregnancy

	Gonorrhea
	Reddened cervix, burning pain on urination; abdominal pain
	Salpingitis, PID, ectopic pregnancy

	Syphilis
	Chancre at the site of infection
	Skin rash, gumma development



C.	See A. Again the urethra is closer to the anus and is shorter in length than that in the male.
D.	Indigenous skin disease is exemplified by acne, a nonlife-threatening infection. Also, the indigenous skin microbiota serves as an effective barrier against exogenous intruders, not allowing them to establish a foothold on the skin surface. Exogenous pathogens, if given the opportunity, can cause more serious infections and disease, such as those caused by S. aureus. Their ability to product toxins and potential antibiotic resistance also contribute to their pathogenic and more dangerous potential.
E.	Blepharitis can arise from excessive S. aureus cells around the eyelashes, making it the result of direct contact. Such cells could come from contaminated hands. Bacterial conjunctivitis (pink eye) can come from direct contact with infected hands or indirect contact with other contaminated items touching the eye. Likewise trachoma can be the result of direct contact with contaminated hands or indirect contact with C. trachoma-carrying flies, contaminated towels, and unclean optical instruments. In all cases, good hygiene is essential, both hand washing and not sharing eye cosmetics or other materials or objects coming in contact with the eyes.

Chapter 14
Note: In this Chapter Challenge, there are many possible avenues of interpretation. The following is just one set of answers that will generate more discussion and thought. Perhaps in the end, it is not whether viruses are living or not, but rather how do they behave to cause the types of diseases we encounter today.
A.	The ability to crystallize viruses could be seen as a hallmark of the nonliving world. The fact that viruses are parasites—that is, they need to be cultivated in living cells to produce more virions—is not unique to viruses. Bacterial organisms, such as the rickettsiae and chlamydiae will not survive and reproduce outside a host cell. In fact, there are many bacterial species that depend on a host cell to reproduce. So, based on these two characteristics, it is not possible to firmly place the viruses in the living or nonliving world.
B.	As mentioned in (A), the fact that viruses can be crystallized based on viral architecture would make a case of viruses not being alive. However, the unique, almost bacterial and eukaryotic properties of the giruses, makes viruses more interesting as a new form of living organisms. Perhaps a new domain of life?
C.	If viruses are nonliving agent and did give rise to a cell nucleus in a living cells, are they examples of spontaneous generation? More fuel for debate.
D.	Biological evolution is the result of natural mutation and the dissemination of that information. Cars and computer viruses do not change spontaneously but rather as a result of human manipulation (new car design and performance; new computer virus program). Left on their own, cars and computer viruses will not evolve or adapt. So, perhaps natural evolution would be a good “tag” to identify an object as living.
E.	The regressive evolution hypothesis could say that viruses are nonliving entities derived from once living cells (reverse spontaneous generation). Yet many bacterial symbionts have followed this hypothesis and are certainly living. The cellular origins hypothesis says viruses arose from cellular parts. Certainly those cellular parts by themselves would not be considered living. The coevolution hypothesis does not add any information supporting viruses as living. 

Chapter 15
A.	The upper respiratory tract (URT) consists of the nose, sinuses, pharynx (throat), and larynx. All are subject to infection. Cold viruses can infect the mucosa in the nose and sinus infections are relatively common, as are sore throats. Laryngitis is another common infection of the URT. Prevention is best accomplished by regular hand washing and not touching the face.
B.	It appears that the cold virus may block the spread of flu virus by a process called viral interference; that is, the rhinovirus infection renders cells resistant to another virus, in this case the novel H1N1 flu virus. Perhaps the cold virus eliminated temporarily the receptors needed by the flu virus for attachment and penetration. So why didn’t this drop in H1N1 happen in the U.S. when school started in the fall of 2009? It is speculated that viral interference with the rhinovirus may not be enough to prevent flu if someone is repeatedly exposed.
C.	Reactivation of HSV-1 is usually as a result of some “stress” in the body. Historically, if someone got a cold, the infection might have been the stress that reactivated HSV-1. One would then incorrectly associate a cold virus as the cause of the blisters (i.e., cold sores). A similar scenario could be made for someone who develops a fever.
D.	The most direct answer is that as children, the adults were exposed to these viruses but the individuals did not develop a symptomatic case. While remained asymptomatic, their immune system was active in generating immunity. Then exposure to the viruses as an adult would likely produce no infection. So, like a vaccine, immunity was obtained.

Chapter 16
A.	(i) Hepatitis C; hepatitis C virus; (ii) Being a drug user, contaminate needles are the probable source; (iii) 	Most likely hepatitis B and HIV, both of which can be transmitted by contaminated needles.
B.	(i) Dengue fever. Clues included, fever, backache, headache, bone and joint pain, and eye pain. Her trip to Bangladesh (where dengue fever is prevalent) and mosquito bites also were clues; (ii) She has a viral disease for which antibiotics are useless; (iii) Returning to Southeast Asia puts her at risk of being infected by another strain of dengue virus, which could lead to a severe or deadly illness called dengue hemorrhagic fever.
C.	(i) Hepatitis A and E; (ii) Hepatitis A because of the jaundice, short incubation period, initial symptoms, and travel history; (iii) A transmission route could be from contaminated water or food eaten at local restaurants; (iv) Administering hepatitis A immune globulin.
D.	(i) The important signs were difficulty swallowing, having excessive saliva production, exhibiting agitation, and presenting generalized muscle twitching. No one ever asked if he had been bitten by a dog or wild animal; (ii) Rabies; (iii) Postexposure immunization and a dose of rabies immune globulin.

Chapter 17
A.	The advantage of a mycelium is the production of a huge surface area over which nutrients can be broken down by secreted enzymes from the fungus and absorption of the digested materials into the mycelial network. Fungi survive because the multinucleate hyphae represent one large cytoplasm that is not completely sealed off from other cells the way most eukaryotic cells, including those in humans, are organized. The large mycelial volume will require many nuclei.
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C.	Similar looking mushrooms in Europe might not be the same as the one’s here. So, what would you do?
D.	Ringworm is contagious and is easily spread from one person to another, so avoid touching an infected area on another person. It can be difficult to avoid ringworm because the dermatophyte fungi are very common. To protect your child against infection, it's important to wash hands often, especially after touching another child. Ideally, such infected children should be kept home or keep your child at home until the infection passes.
E.	As the graph shows, reported cases of valley fever in California and Arizona have been increasing in recent years. The reasons have not been clearly determined but probably include changes in reporting (doctors are more alert to the infections and the symptoms), cyclical changes and increased migration into endemic areas (the Southwest has seen large increases in population resulting from migration from other parts of the U.S. where the disease is not found, so people are vulnerable to infection). Some experts also point to changing climate as an important factor. Drier, drought conditions will result in more airborne arthrospores that can be inhaled.

Chapter 18
A.	For separating groups: carry our photosynthesis (primary producers); presence of silica plates; mold-like growth; presence or absence of mitochondria (or modified mitochondria); presence of kinetoplast DNA; presence of flagella or cilia; amoeboid movement (pseudopodia); presence of micronuclei and macronuclei; presence of an apical complex; requirement for multiple hosts. Structures and functions in common: cell nucleus, plasma membrane, ribosomes, cytoplasm; ability to transform energy (produce ATP).
B.	As a whole, most cases were in the northern half of the United States (Florida is an exception) indicating perhaps more recreational activities? Another reason may be that diagnosis and/or transmission of giardiasis was higher in northern states for some reason.
C.	After infection, these protistan diseases are dependent on being carried through the blood (or lymphatic) systems. Therefore, the infection mechanism would be most efficient if the parasite was “injected” directly into the fluid. Mosquitoes, tsetse flies, and sand flies are “biting” insects and, as such, make intimate contact with the blood.
D.	They are included because they are parasites that cause human diseases (infestations). They are part of what health science studies and what organizations like the Centers for Disease Control and Prevention (CDC) monitor (along with viral, bacterial, fungal, and protistan diseases) to maintain and improve public health.

Chapter 19
A.	As mentioned, C. diff has become resistant to many antibiotics. Therefore, there is a high probability the C. diff infecting the patient is antibiotic resistant. Because the antibiotics the patient did take may have eliminated a substantial portion of the gut microbiota, C. diff has less competition for nutrients and space, making colonization very likely.
B.	C. diff possesses pili with adhesions, hyaluronidase, and enterotoxins. Although not mentioned in this section, the species also produces endospores that, although not a virulence factor, allow the pathogen to remain dormant in healthcare settings for a long period of time.
C.	Because C. diff infections have been reported in the past, CDAI would be considered a reemerging disease due to its increased antibiotic resistance and elevated enterotoxin production. Standard precautions would include: placing CDAI patients in private rooms or  cohorted with other CDAI patients; use only soap and water for hand hygiene when caring for CDAI patients because alcohol-based hand rubs may not be as effective against spore formers; use gloves when entering patients rooms and during patient care; use gowns if soiling of clothes is likely; and use dedicated equipment whenever possible to prevent disease transmission.

Chapter 20
A.	The leukocytes involved in responding to the flu viruses would be the macrophages, neutrophils, and dendritic cells; that is, the phagocytes. Flu viruses may be present in the lymphatic fluids, so viruses may be delivered to the lymph nodes.
B.	Surface barriers would include the mucous membrane lining the lungs. Mechanisms: Cells of the mucous membranes that line the respiratory passageways secrete mucus that can trap the viruses. If the flu viruses are taken deeper into the respiratory tract, they may still be trapped in the respiratory mucus. Here, the epithelial cilia can move the virus-laden mucus up to the throat, where the material is swallowed, coughed or sneezed out.
C.	The innate cellular defenses include the activation of phagocytes (monocytes, macrophages, neutrophils, and dendritic cells) that carry out phagocytosis in an attempt to limit spread of the flu viruses as part of an inflammatory response. NK cells would be attempting to eliminate any flu virus-infected cells. Headaches and muscle aches would simply be the result of the immune system responding to the infection that is reaching its acute stage.
D.	The additional innate molecules now in play include complement that can bind to the virus envelope and tag it for elimination by phagocytes and form membrane attack complexes to poke holes in the envelope. Infected cells will secrete interferon in an attempt to “warn” nearby cells of imminent infection. Ideally, those cells will be in an antiviral state and be ready to block virus replication.

Chapter 21
A.	The virulence of a particular influenza virus strain is partly determined by its success in circumventing the host immune response. Therefore, humoral immunity will attempt to remove, using antibodies, viruses that are in the respiratory fluids. Because the flu viruses must infect the respiratory epithelia in order to replicate more viruses, adaptive immunity will respond by activating NK cells and CTLs capable of seeking out and destroying the infected cells.
B.	See Figure 21.4 to diagram out the humoral response (substitute flu viruses for antigens). The humoral response is a mucosal response at the surface of the respiratory tissues, so this is where IgG and IgA antibodies will be useful. There would not be much, if any, virus in the blood.
C.	The two most important effector cells will be the CTLs and the TH1 cells that elevate the CTL response to infection by secreting cytokine IL-2. The CTLs, along with NK cells, will be responsible for eliminating virus-infected cells. Both produce perforins and granzymes to induce killing of the infected cells.

Chapter 22
A.	To prevent measles, children (and some adults) should be vaccinated with the measles, mumps, and rubella (MMR) vaccine. Children should get the first dose of MMR vaccine at 12 to 15 months of age and the second dose 4 weeks later, but is usually given before the start of kindergarten at 4 to 6 years of age. The MMR vaccine is a live, attenuated vaccine containing strains of the measles, mumps, and rubella viruses. The vaccine is given as a  subcutaneous injection.
B.	The three tests to detect antibodies to the measles virus: an immunofluorescence antibody (IFA) test, a radioimmunoassay, and the ELISA. All three are explained in the chapter.
C.	Adults born after 1956 should receive two doses of the MMR vaccine (separated by 28 days) before traveling outside the U.S.

Chapter 23
A.	The allergist probably believes Carla has some sort of type I hypersensitivity for a food item or a medication, such as a penicillin allergy. Because Carla has been having the symptoms for three years and even gets them during an exam, makes the allergist’s preliminary diagnosis unlikely. Perhaps it is some reaction to exercise that is somehow mimicked when taking a stressful exam.
B.	Could it be an infection allergy or some rare form of contact dermatitis associated with type IV hypersensitivity? It doesn’t really appear so. 
C.	Because it is running in the family, Carla appears to have an autoimmune disorder that may have its origin in exercise and perhaps the sweat. Taking an exam may generate enough “stressful” sweat to trigger the condition.

Chapter 24
A. 	(a) Gram-negative bacterial species, such as in K. pneumoniae, have an outer membrane that is part of their cell wall structure. This membrane is impervious to numerous chemicals, including many antibiotics. These antibiotics cannot easily enter the pathogen and, therefore, will have less effect. The bacterial cells are fairly resistant. (b) The chemotherapeutic index will be very low because high antibiotic doses will be needed to kill the bacterial cells and at these doses they will have serious side effects in the patient.
B.	Ciprofloxacin is synthetic, being one of the drugs in the quinolones. The antibiotic blocks DNA synthesis.
C.	Aztreonam is still effective because it is a new synthetic monobactam. If so, then analysis of antibiotic resistance genes will not find any genes for aztreonam resistance but would find genes for other established and older drugs. In other words, pathogens have not yet had “time” to develop resistance. 
D.	From (A), K. pneumoniae had an outer membrane, making drug penetration more difficult. From (B), the pathogen was resistant to ciprofloxacin. From (C), it was resistant to penicillin, the cephalosporins, and carbapenems. Here, in (D) it is resistant to erythromycin, rifampin, chloramphenicol, and the polymyxins. Yes it is a superbug because K. pneumoniae has resistance at most all drug targets [translation: erythromycin and chloramphenicol; nucleic acid synthesis: rifampin (RNA transcription) and ciprofloxacin (DNA replication); cell wall synthesis: penicillins, cephalosporins, and carbapenems; and membrane injury: the polymyxins]. The medical concern (the “fuss” mentioned in the opening Chapter Challenge) is warranted!
E. 	The fast spread had to be due to horizontal gene transfer, which would be facilitated because all affected species were members of the Enterobacteriaceae.

Chapter 25
A.	Although pasteurization will destroy any pathogens in milk, the process (except for UHT) does not kill all bacterial cells contained in raw milk. Therefore, if given the opportunity (sitting on a counter at room temperature for days), the remaining bacterial cells eventually cause milk to spoil. These bacterial cells degrade the milk and use the lactose sugars in milk to reproduce, which results in the formation of lactic acid and acetic acid. When bacterial enzymes digest fats into fatty acids, the milk becomes rancid and is unfit to drink. The result is smelly milk that tastes sour, curdles, and is lumpy. It is not fit for consumption. 
B.	As mentioned in (A), pasteurization is a process to eliminate any pathogens that may be in the milk.
C.	Spoiled milk is not the same thing as soured milk. Milk is usually pasteurized to kill any pathogens that can cause illness. The problem is that pasteurization also kills those bacterial cells that would otherwise make sour milk suitable for cooking or for making other milk products (sour curd). The bacterial cells left in pasteurized milk are not pathogenic, but they still destroy the milk product and will eventually cause the milk to spoil. Soured milk is produced from the acidification of milk, which gives the milk a tart taste. Souring is achieved either through the addition of an acid, such as lemon juice or vinegar, or through bacterial fermentation. The acids cause milk to coagulate and form a thicker consistency typical of yogurts, buttermilk, and cheeses.

Chapter 26
A. 	There is no single factor that leads to a cyanobacterial bloom. A combination of optimum factors, such as a high concentration of usable nutrients, warm water temperatures, and, being in the summer, plenty of light for photosynthesis. The bloom could deplete the oxygen such that most or all the fish in the lake die. Humans swimming in the lake could be exposed a variety of dangerous toxins.
B.	Usually water treatment systems remove dangerous toxins so that even though a musty, earthy taste may exist in the water for some time, it would pose no health risk. Often a chemical toxic to the cyanobacteria, such as copper sulfate or another algicide, will be used to control the bloom. Reducing the nitrogen and phosphorus inputs into water would be an important measure.
C.	Prochlorococcus and Synechococcus are abundant unicellular cyanobacteria and major participants in the daily life of the planet. They are responsible for much of the global carbon cycles and a significant fraction of the primary productivity (photosynthesis) in open ocean waters of the subtropical and tropical Atlantic and Pacific. They produce some 50% of the oxygen gas we breathe.

Chapter 27
A. 	Individual’s list.
B.	Individual’s list.
[bookmark: _GoBack]C.	The list certainly will continue to grow as biotechnology expands in the future. After all you have read in this textbook, it is safe to say that Microbes Do Rule the World! Well, they certainly have a major influence anyway.
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